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Human cytomegalovirus and Epstein-Barr virus
infections increase the risk of death in patients
with head and neck cancers receiving
radiotherapy or radiochemotherapy
Dorota Kiprian, MD, PhDa, Bozena Czarkowska-Paczek, MD, PhDb,∗,
Aleksandra Wyczalkowska-Tomasik, PhDc, Leszek Paczek, MD, PhD, Profc,d

Abstract
Viral infections, including cytomegalovirus (CMV) and Epstein-Barr virus (EBV), play an important role in carcinogenesis and can
influence patients’ prognosis and condition during cancer treatment.
The goal of this study was to investigate CMV and EBV infections in patients receiving radiotherapy or radiochemotherapy due to

head and neck cancers to determine the influence of these infections on the risk of death. The observation period was 2 years.
Of 41 patients enrolled, 11 received radiotherapy (simultaneous-integrated boost intensity-modulated radiation therapy [SIB-

IMRT], 2.25Gy/fraction, 30 fractions, [n=7] or IMRT, 2Gy per fraction, 35 fractions, [n=4]) and 30 received radiochemotherapy
(cisplatin 100mg/m2 and SIB-IMRT [n=13] or IMRT [n=17]). Plasma CMV and EBV DNA levels were assessed using real-time PCR
before or during treatment or 4 weeks posttreatment.
The risk of death in the group positive for plasma CMV or EBV deoxyribonucleic acid (DNA) was significantly higher compared to

the group without detectable plasma CMV (odd ratio [OR]: 7.5, 95% confidence interval [CI]: 1.11–50.67) or EBV DNA (OR: 10.91,
95% CI: 1.135–104.8). Results were confirmed using the Bayesian method. Plasma positivity for CMV or EBV DNA was associated
with a higher risk of death (both P= .04).
Viral infections negatively affect the survival of patients with head and neck cancers. Diagnosing and treating these viral infections in

patients with positive results should be considered.

Abbreviations: CI = confidence intervals, CMV = cytomegalovirus, COX-2 = cyclooxygenase-2, DNA = deoxyribonucleic acid,
EBV = Epstein-Barr virus, FPI= focus primarius ignotus, HIV = human immunodeficiency virus, IL-6= interleukin 6, IMRT= intensity-
modulated radiation therapy, LMP-1 = latent membrane protein-1, OR = odds ratio, SCT = stem cell transplant, SIB-IMRT =
simultaneous-integrated boost intensity-modulated radiation therapy, TNM = tumor-node-metastasis classification of the
International Union Against Cancer, VEGF = vascular endothelial growth factor.
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1. Introduction

Viral infections including Epstein-Barr virus (EBV) and cyto-
megalovirus (CMV) are considered to play an important role in
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carcinogenesis. Viral infections could also influence patients’
prognosis and condition during cancer treatment.
The CMV is a herpes virus carried by 70 to 100% of the

world’s population; however, in most cases it is asymptomatic.
The CMV can be detected in solid malignant tumours; for
example, glioblastoma multiforme, colon cancer, breast cancer,
and others. The CMV is not believed to be oncogenic, rather it
contributes to cancer development.[1] The EBV also belongs to
the herpes family and infection with EBV is ubiquitous in most
humans, with no obvious symptoms. The EBV is an etiological
agent of infectious mononucleosis, and is also associated with
Burkitt’s lymphoma, oral cancers, and nasopharyngeal can-
cer.[2,3] In addition to the suspected role of these viruses in the
development of particular cancers, latent infections could become
reactivated during radiochemotherapy applied during cancer
treatment. In patients treated with radiochemotherapy due to
brain gliomas, 48% developed CMV viremia during or up to 28
days after the cessation of treatment, and 87% of them required
specific anti-viral treatment for CMV-associated encephalitis.
The reactivation of CMV could also explain some deaths.[4,5]

Data in the literature regarding EBV infection mostly refers to
patients with nasopharyngeal cancers. Patients with advanced
nasopharyngeal cancer have high plasma EBV deoxyribonucleic
acid (DNA) levels at diagnosis, and monitoring EBV DNA is
a sensitive and highly specific marker for detecting disease
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recurrence and metastasis. Patients with nasopharyngeal carci-
noma who have persistently detectable plasma EBV DNA after
radiotherapy have a higher rate of treatment failure and poorer
survival.[6,7]

Head and neck carcinomas arise from the epithelium of the
aero-digestive tract. Despite the advances in current treatments,
the overall 5-year survival rate remains at 50%.[8]

The goal of the present study was to investigate the plasma
levels of CMV DNA and EBV DNA in patients receiving
radiotherapy or radiochemotherapy due to head and neck
cancers and determine the influence of positivity for these viruses
on the risk of death over a 2-year observation period.
2. Materials and methods

2.1. Patients

The bioethics Committee of the Maria Sklodowska-Curie
Memorial Cancer Center and Institute of Oncology in Warsaw
approved the study (No. 44/2012). Every person enrolled in the
study provided written informed consent to participate in the
study.
The group investigated comprised 41 patients with newly

diagnosed and histologically proven head and neck cancer who
had been admitted to the Maria Sklodowska-Curie Memorial
Cancer Center and Institute of Oncology during about 6 months
between 2013 and 2014. The mean age of the patients was 53
(range, 23–73) years. All patients underwent a complete medical
examination including hematological and biochemical tests and
radiological examinations, which included magnetic resonance
imaging, chest x-ray, and computed tomography (CT) scans.
Clinical and pathological staging was done according to the
tumor-node-metastasis (TNM) classification of the International
Union Against Cancer.[9] Twenty three patients were diagnosed
with oral cavity cancer (14 palatine tonsils cancers, 5 base of the
tongue cancers, 1 soft palate cancer, 1 oral cavity cancer, and 2
molar triangle cancers). Nasopharyngeal cancers were diagnosed
in 10 patients, hypopharynx cancer in 4 patients, laryngeal
cancer in 2 patients, and maxillary sinus cancer in 1 patient. In 1
patient, the primary localization of the cancer was unknown (FPI,
focus primarius ignotus). The cancers were advanced, categorized
as clinical stage III or IVa. The TNM stage at pre-treatment
evaluations were categorized as follows: clinical T1 (n=5), T2
(n=19), T3 (n=9), T4 (n=7), and Tx (n=1) by tumor depth;
clinical N0 (11), N1 (n=7), N2 (n=22), and Nx (n=1) by lymph
node metastasis; and clinical M1 (n=1) by distant metastasis.
All patients underwent radical radiotherapy (n=11) or

radiochemotherapy (n=30). Patients referred to radiotherapy
alone were treated with accelerated simultaneous-integrated
boost intensity-modulated radiation therapy (SIB-IMRT; n=7),
with 2.25Gy per fraction and a total dose of 67.5Gy in 30
fractions, or with IMRT (intensity-modulated radiation therapy,
n=4), with 2Gy per fraction and a total dose of 70Gy in 35
fractions (standard fractionation). Patients treated with radio-
chemotherapy received 2 cycles (patients with nasopharyngeal
cancer received 3 cycles) of cisplatin-based chemotherapy at a
dose of 100mg/m2. Seventeen patients from this group were
irradiated using the IMRT technique, and the remaining 13
patients received radiotherapy delivered using the SIB-IMRT
technique as described above. Blood samples were collected
before treatment, over 6–7 weeks during the treatment, and
1 month after the cessation of treatment. Patients were observed
2

for 2 years after the last patient/participant finished the therapy.
During this period 6 patients died due to cancer progression.
2.2. Analytical methods

The EDTA-treated plasma samples were centrifuged at 1000�g
for 15 minutes then stored at -80oC until further processing.
Isolation of nucleic acid from plasma samples was performed

using BioRobot EZ1 (Qiagen, Germany) and the EZ1 VirusMini
Kit v.2.0 (Qiagen, Germany) according to the manufacturer’s
instructions. After the quality and quantity control using a ND-
1000 camera (NanoDrop Technologies, Wilmington, Delaware),
DNA was stored at -80°C.
Real-time polymerase chain reaction was performed using ABI

7500 (Applied Biosystems, Waltham, Massachusetts). Reaction
mixture was successively added to each well of a MicroAmp
Optical 96-well reaction plate containing a barcode (Applied
Biosystems, Waltham, Massachusetts). The reaction mixture
included the following: TaqMan Universal PCR Master Mix
(Applied Biosystems, Waltham, Massachusetts) and appropri-
ately selected primers for the TaqMan Gene Expression Assay
(Thermo Fisher Scientific, Waltham, Massachusetts) to test for
CMV and EBV as well as for the World Health Organization
(WHO) standard control curve.
2.3. Statistical analysis

We assessed the presence of plasma CMV or EBV DNA at any
time point and evaluated its influence on the risk of death. Due to
having only a few samples, we categorized data as follows: the
presence of viral DNA ([CMV DNA (+) or EBV DNA (+)] – 1) or
the absence of viral DNA ([CMV DNA (-) or EBV DNA (-)] – 0);
survival (– S), and death (– D).
To make the results more reliable in the case of small groups,

we applied 4 different statistical methods to investigate the
relationship between the presence of plasma viral DNA and the
occurrence of death. First, Fisher’s exact test was performed then
we estimated the odds ratio (OR) with 95% confidence intervals
(CI) for risk of death in patients without or with plasma virus
DNA at any time point. Binary dependent logistic regression
models were built, with death as a dependent variable and plasma
viral DNA as an independent variable. Finally, Bayesian analysis
with Markov–Chain Monte Carlo algorithm was also applied.
Each logistic regression model was evaluated using mildly
informed prior distributions and 3 independent chains with 5000
steps of warm-up, followed by 5000 steps of sampling. Results
for each model were analyzed using Gelman–Rubin convergence
diagnostic and number of effective steps, and in each case a
satisfactory quality of chains were observed.
All statistical analyses were performed in R statistical package,

version 3.2. Markov chains were run with RStan, version 2.14.
3. Results

3.1. CMV

The number and percentage of patients with plasma positive for
CMVDNA in the group of those who survived (n=34) and those
who died (n=6) are shown in Table 1. The total number of
patients was n=40.
There was no statistically significant relationship between

the plasma CMV DNA (+) and the incidence of death; however,
the P value only slightly exceeded the established level of



Table 1

The number and percentage of patients positive (+) or negative (-)
for plasma CMV DNA in the group of patients who survived (S, n=
34 and those who died (D, n=6).

Number of patients (n=40) CMV DNA (-) CMV DNA (+)

S (n=34) 30 (88.24%) 4 (11.76%)
D (n=6) 3 (50%) 3 (50%)

CMV= cytomegalovirus, DNA=deoxyribonucleic acid.
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significance (P= .055). The risk of death in the group of patients
who were positive for plasma CMV DNA was almost 7.5 times
higher compared to the group of patients who were negative for
plasma CMV DNA (OR: 7.5, 95% CI: 1.11–50.67).
According to the results of the logistic regression analysis,

positivity for plasma CMV DNA was associated with a
significantly higher risk of death (P= .03).
The OR for the death in the group who were positive for CMV

DNA was estimated using Bayesian methods, and resulted in a
value of at least 1.15, with a probability of 97.5%; the most likely
OR was 8.34 (mean value of a posteriori distribution).
3.2. EBV

The number and percentage of patients with positive and negative
results for plasma EBV DNA in the group of those who survived
(n=35) and those who died (n=6) are shown in Table 2. The
total number of patients was 41.
There was a statistically significant relationship between

positivity for plasma EBV DNA and the risk of death (P= .03).
The risk of death in the group of patients positive for plasma EBV
DNAwas almost 11 times higher in comparison to the group that
was negative for plasma EBV DNA (OR: 10.91, 95% CI: 1.135–
104.8).
According to the results of the logistic regression analysis,

plasma EBV DNA positivity was associated with a significantly
higher risk of death (P= .04).
The Bayesian estimation of the OR for death in the group that

was positive for EBV DNA gives a 97.5% of probability to a
value of at least 1.58, while the most probable OR was 16.22.
4. Discussion

The highlight of this study is the finding that CMV or EBV
viremia detected before, during, or immediately after radiothera-
py or radiochemotherapy, confirmed by the presence of virus
DNA in the plasma, increases the risk of death in patients with
head and neck cancers. The CMV or EBV viremia therefore
negatively influences the overall survival rate. In the present
study, no attempts were made to distinguish CMV or EBV
antigenemia from CMV or EBV disease.
Table 2

The number and percentage of patients who were positive (+) or
negative (-) for plasma EBV DNA in the group of patients who
survived (S, n=35) and who died (D, n=6). There was a statistically
significant relationship between plasma EBV DNA positivity and
the incidence of death (P= .03).

Number of patients, n=41 EBV DNA (-) EBV DNA (+)

S (n=35) 24 (68 .57%) 11 (31 .43%)
D (n=6) 1 (16 .67%) 5 (83 .33%)

DNA=deoxyribonucleic acid, EBV=Epstein-Barr virus.
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The CMV and EBV infections are very common, but usually
remain silent; however, once infected, an individual remains a
carrier for life.[1,2] These infections, including reactivation, occur
mainly in immunocompromised patients; for instance, in solid
organ transplant recipients or patients with HIV (human
immunodeficiency virus).[10,11] Cancer patients collectively
belong to a group with nonspecific immunosuppression and
therefore seem to be susceptible to viral infections. Radiation
therapy could also activate viruses in vitro and in vivo.[5,12]

The incidence of CMV infection among patients with
carcinomas depends on the underlying disease and applied
therapy. Han et al analyzed 4382 cancer patients, revealing that
plasma CMV DNA was present in about 9 to 40% of patients
depending on whether they had received a stem cell transplant
(SCT). The lowest rates were observed in patients without SCT,
and the highest rates were observed in patients who had received
allogeneic SCTs. Patients who had not received a SCT and had
solid tumors had CMV antigenemia rates of 8.5%; however, this
rate could be underestimated because most patients with solid
tumors did not have severe complications or immune suppression
that warrants testing for CMV.[13]In our group comprising only
patients with head and neck carcinomas, the incidence of CMV
antigenemiawas at 17.5%, and the incidence of EBV antigenemia
was at 39%. Evidence has been provided that demonstrates
that CMV is present in some high-grade gliomas and brain
metastases. Patients whose gliomas were positive for low-grade
CMV infections lived 2.5 times longer than those with high grade
infections.[1] Data regarding the presence of CMV DNA in
peripheral blood are controversial; however, Mitchel showed
that 80% of patients with newly diagnosed glioblastoma
multiforme had CMV DNA in their peripheral blood.[14] The
CMV could be transmitted to tumor cells, and recent evidence
suggests that CMV might play a role in modulating the tumor
microenvironment as well as in the initiation and promotion of
the tumor cells themselves. The US28, encoded by the human
CMV, activates nuclear factor-kappa B, and in this way induces
COX-2 (cyclooxygenase-2) expression and the production of
vascular endothelial growth factor (VEGF) and interleukin 6 (IL-
6) resulting in inflammation, cellular migration, angiogenesis,
and tumor invasiveness. Other CMVproteins are also involved in
telomerase activation, which is associated with cellular immor-
talization and transformation. Cells infected with CMV are
characterized by protooncogene activation.[1,15,16] Neurological
decline and encephalopathy, which occur over the course of
radiotherapy for brain tumors as well as for other indications,
could also be attributed to CMV infection.[4,5,10]

The EBV has been implicated in several human carcinomas
including nasopharyngeal carcinoma. Especially, EBV-encoded
latent membrane protein-1 (LMP-1) has been known to have
oncogenic properties. All signaling cascades triggered by LMP-1
lead to the disruption of the cell cycle and cell immortalization.
[17] The prognostic role of plasma EBV-DNA is well known in
patients with nasopharyngeal carcinomas. The presence of
pretreatment plasma EBV DNA correlates with the initial
TNM stage, probability of relapse, and distant metastasis.[6,18]

It is also an independent factor associated with progression-free
survival, distant metastasis-free survival, and overall survival in
patients with nonmetastatic local and regionally advanced
nasopharyngeal carcinomas treated with IMRT and cisplatin-
based concurrent chemotherapy.[19] Persistent plasma EBV DNA
at the midpoint of radiotherapy or postradiation is associated
with worse clinical outcomes.[7,20] There are no established
recommendations regarding prevention of EBV infection in
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patients with nasopharyngeal carcinomas; however, further
research has focused on development of anti EBV strategies,
like vaccination or luteolin or other therapies directed towards
EBV.[2,21]The results of these previous studies are generally in line
with the results of our study; however, we took into consideration
all types of head and neck carcinomas and not only nasopharyn-
geal carcinoma, and considered plasma EBV DNA at any time
point from diagnosis up to 1 month post radiotherapy or
radiochemotherapy.
In summary, CMV and EBV infections in patients with solid

tumors are considered to be rare and prophylactic treatment is
not recommended. Even screening for latent viral infection is not
routine in clinical practice. But, since confirmed viral infections
negatively affect the survival rate of patients with head and neck
cancers, diagnosis of viral infections and treatment of patients
with positive results should be considered.
The week point of our study is the low number of patients in

the investigated groups. Due to this fact additional statistical
analysis, for instance the survival curves of patients with or
without viral infection were not performed. And more study is
required to investigate the correlations between CMV or EBV
viremia and the infection status in relation to the implementation
of the treatment and other variables, for instance, particular type
of carcinoma, TMN stage or the type of treatment. Also further
interventional studies are required to investigate the possible
improvement resulting from the implementation of anti-viral
treatment in patients with confirmed viremia.”
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