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Introduction

Cytomegalovirus (CMV) is a virus of the herpesviridae 
family that can infect humans and other primates. Human 
cytomegalovirus (HCMV) infection, also known as human 
herpesvirus 5, often becomes latent and lasts indefinitely 
[1]. Cytomegalovirus is a very common virus. Studies 
show that its seroprevalence among the general population 
ranges between 24.6 – 95.7 % among countries in South 
East Asia. Its seroprevalence is higher in older populations 
[2]. Viruses from the herpesvirus family have two phases 
of infection,the productive/lytic and the latent phase. In the 
productive phase, cells infected by CMV will be actively 
hijacked to produce more virions. In the latent phase, the 
CMV genetic material will be integrated with the cell’s 
deoxyribonucleic acid (DNA). These two forms are 
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influenced by the immediate early (IE) gene, a promoter 
called Major Immediate Early Promoter (MIEP) and a 
protein called pp71. The pp71 protein contained in the 
outer layer of CMV will enter the cell during the infection 
process. The pp71 protein will activate MIEP which will 
then activate the IE gene to produce IE1 and IE2 proteins. 
These two proteins will push CMV infection tendency to a 
productive phase. Subsequently, the virus can invade other 
cells with the help of glycoprotein B produced by the gB 
gene located on the viral envelope. The glycoprotein B 
binds to the epidermal growth factor receptor (EGFR) as 
a mechanism of viral entry [3].

Oncogenic viruses are an important etiology of 
malignancy, including lung cancer. Oncogenic viruses 
cause latent infections in human cells and gradually 
cause modifications to the genetic structure of cells, 
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immune responses and cell death processes which result 
in changes in the nature of cells to become malignant. 
Currently there are seven recognized oncogenic viruses, 
which are Epstein–Barr virus (EBV), hepatitis B virus 
(HBV), human T-lymphotropic virus 1 (HTLV-1), human 
papillomaviruses (HPVs), hepatitis C virus (HCV), Kaposi 
sarcoma-associated herpesvirus (KSHV) dan Merkel 
cell polyomavirus (MCPyV) [4]. Cytomegalovirus is not 
currently recognized as an oncogenic virus. However, its 
genetic material can be found in various malignancies such 
as glioblastoma, breast, colon, and prostate cancer. In these 
studies, CMV DNA was found in the affected tissue and 
not found in the surrounding healthy cells. These findings 
suggest that CMV might plays a role in carcinogenesis. 
Research studying valganciclovir, an antiviral therapy, as 
adjuvant therapy for glioblastoma patients with detected 
CMV DNA also shows promising results with improved 
outcomes in these patients [5, 6].

Evidences examining the relationship between CMV 
and malignancies in the airways are scarce. In the airway 
system, CMV deoxyribonucleic acid (DNA) material 
was found in 35.3% of the histopathological specimens 
of nasopharyngeal cancer studied [7]. In lung cancer 
patients after tumor resection, traces of CMV infection in 
resected specimens were associated with an increased risk 
of more rapid tumor recurrence. One study examining the 
proportion of detected CMV DNA in lung adenocarcinoma 
cytology samples shows a proportion of 20.8% [8]. More 
evidence regarding CMV in lung cancer is needed. This 
study aims to determine the relationship between CMV 
and non-small cell carcinoma lung cancer in Indonesia. 
We hope that the data from this study will be useful for 
further research into the link between CMV and lung 
cancer in the future.   

Materials and Methods

Subjects and samples
This study was an observational study using a cross-

sectional method to examine the proportion of CMV 
DNA in non-small cell lung carcinoma. The research 
was conducted using histopathological tissue samples 
stored as formalin-fixed paraffin-embedded (FFPE) in the 
Anatomic Pathology Laboratory of Persahabatan Hospital, 
Jakarta, Indonesia. The samples included in the study 
were all non-small cell lung carcinoma samples obtained 
in 2017-2023 through open surgery or tissue biopsy. The 
DNA from FFPE samples was extracted and underwent 
cytomegalovirus DNA detection at the Human Cancer 
Research Center at the Indonesian Medical Education 
and Research Institute (IMERI). Samples were excluded 
if the samples did not fulfill the minimum number of cells 
considered enough for DNA CMV detection according to 
the Pathology Anatomy expert, which is a minimum of 200 
cells. Samples were also excluded if the final pathological 
diagnosis was inconclusive and still differentially 
diagnosed with small cell lung carcinoma. Accompanying 
data were taken from medical records.

Extraction of Cells’ DNA
Cytomegalovirus DNA detection was carried out 

through several steps, DNA extraction, polymerase 
chain reaction (PCR) and gel electrophoresis. The DNA 
extraction was carried out using Quick-DNATM FFPE kit 
(Zymo Research, California, USA) and done according to 
product protocols. At this stage, three stages were carried 
out, which were deparaffinization, tissue digestion, and 
DNA purification. First, the deparaffinization process was 
carried out to remove the paraffin substance that fixes the 
tissue using the deparaffinization solution provided in 
the kit. The sample was then lysed using proteinase K to 
separate DNA material from the tissue. The fixing was 
carried out at a temperature of 55oC for 4 hours to reverse 
the formalin crosslinking that occurred previously in the 
tissue fixation process. At the DNA purification stage, 
genomic lysis buffer was used. The sample was then 
centrifuged at a speed of 10,000g for 1 minute. Then the 
samples were washed with Genomic DNA Wash 1 and 2 
solutions and centrifuged again with strengths of 10,000g 
and 12,000g, respectively. At this stage, pure DNA was 
collected. In this study, the amount of DNA obtained 
varied between 7 - 583 nanograms per microliter for 
each subject.

Polymerase Chain Reaction
The process continues with polymerase chain reaction 

(PCR) to increase the amount of DNA available for further 
processing. Primers were used to cut DNA and reproduce 
the desired segment. Amplicons from these slices were 
compared with positive controls.

The PCR were carried out with a ProFlexTM PCR 
System (Thermofisher Scientific, Massachusetts, United 
States). The DNA primers used were DNA primers from 
the major immediate early (MIE) and gB genes of the 
CMV virus (Human herpesvirus 5 strain Merlin, NCBI 
Reference Sequence: NC_006273.2). The MIE gene is 
located in the nucleotide sequence 170,689 to 174,090 
in the CMV genome. The primers used to detect the MIE 
gene were the MIE6 and MIE7 primers which will produce 
a fragment of the MIE gene with a size of 110 base pairs 
(bp) long located in the nucleotide sequence 172,597 to 
172,706. To detect the gB gene, CMV 5A and 5B primers 
were used which will produce a DNA fragment 326 bp 
long and located in the base sequence 82,641 to 82,966. 
The PCR kit used is Toyobo KOD OneTM PCR Master 
Mix (Toyobo, Osaka, Japan). The PCR primer used in 
this study can be seen in Table 1. The primer used has 
been confirmed using Basic Local Alignment Search Tool 
(BLAST) from NCBI and no hairpin detected. The PCR 
condition we used were denaturation at 94oC, annealing at 
60oC, and extension at 68oC. In this study, 40 PCR cycles 
were carried out for each sample.

Detection of CMV DNA
The amplified DNA samples were then tested 

by electrophoresis. This study used geneblock as a 
positive control. Geneblock is synthetic DNA made by 
synthetically building the MIE and gB genes interspersed 
with random nucleotide sequences between them. The 
Geneblock in this research was purchased through PT 
Genetika Science, Banten, Indonesia and manufactured 
by Integrated DNA Technologies, Iowa, United States. 
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38 subjects were tested for EGFR mutations. More than 
half were detected as having positive EGFR mutations 
with 55% being common mutations (exon 19 deletion 
mutation and substitution mutation in exon 21 L858R), 
3% uncommon mutations and the rest wild type. Detailed 
characteristics of the study subjects can be seen in Table 2.

CMV DNA proportion
The proportion of CMV was examined in this study as 

the main outcome. In this study, CMV DNA was detected 
in 18 samples out of a total of 87 samples studied (21%). 
Two genes were tested, which were the MIE and gB 
genes. A sample is said to be positive for CMV if there 
is a positive result for at least 1 of the 2 genes. Of the 
samples that were positive for CMV, 61% had the gB 
gene, 28% had the MIE gene and 11% had the gB and 
MIE genes (Figure 3). 

The proportion of CMV in the sample was analyzed 
and related to several variables. Among samples with 
positive EGFR mutation results, the proportion of CMV 
was more than twice as high compared to those without 
EGFR mutations. However, this difference was not 
statistically significant (p = 0.43). In smokers and non-
smokers, the proportion of CMV was almost similar. In 
different Brinkman index classifications, the proportion 
of CMV was similar. The proportion of CMV is higher in 
adenocarcinoma compared to squamous cell carcinoma 
and other types but this is not statistically significant. 
The proportion of CMV DNA found was also greater in 
newer samples compared to older samples. In this study, 
the subjects were divided into subjects who underwent 
tissue sampling within the last three years and before the 
last three years and found that the CMV DNA positivity 
rate was significantly higher in tissue samples taken within 
the last three years. (p=0.009) There was no significant 

The geneblock nucleotide arrangement used can be seen 
in Figure 1.

Ethics
This study has been approved by the Ethical 

Committee for Health Research of Persahabatan Hospital 
National Respiratory Center, Indonesia. Approval letter 
number 129/KEPK-RSUPP/09/2023. All subject’s 
identities and data were kept confidential.

Results

Subjects characteristics
Data collection, DNA extraction, CMV detection, 

and data analysis were done between October 2023 and 
January 2024 after the study was approved by the ethic 
committee. There were 16087 FFPE samples collected 
and stored in Pathology Anatomy Laboratorium between 
January 2017 and October 2023. After matching with 
inclusion and exclusion criteria, a total of 87 subjects 
were chosen in the study (Figure 2).

In this study, tissue samples were obtained using open 
surgical techniques, i.e, thoracotomy, or with minimally 
invasive biopsy techniques such as bronchoscopy. The 
proportion of the two techniques used was similar, 44 
samples (50.5%) vs  43 samples (49.5%) for open surgical 
vs minimal invasive biopsy respectively.

The history of smoking was obtained from medical 
records. Smoking status was assigned by the clinician 
managing the patient and was defined as a history of 
smoking more than one cigarette per day for at least 
one year. As much as 70.5% of subjects had history 
of smoking. Most of the subjects were heavy smokers 
according to the Brinkman index. Data was also obtained 
regarding EGFR mutations. Of the 87 research subjects, 

Figure 1. Synthetic DNA (Geneblock) was Used as a Positive Control. The base sequence marked with a continuous-
line rectangle is the MIE gene primer. The dotted-line rectangle is the gB gene primer. The arrangement of bases 
outside the segment flanking the primer is a random arrangement of nucleotides as “filler” 

No CMV gene primer Nucleotide sequence 5’-3’ Product size (bp)
1 MIE6 (F) AGTGTGGATGACCTACGGGCCATCG 110
2 MIE7 (R) GGTGACACCAGAGAATCAGAGGAGC
3 CMV 5A (F) TCATGAGGTCGTCCAGA 326
4 CMV 5B (R) TGAGGAATGTCAGCTTC

Table 1. Primer PCR Used to Detect MIE (MIE 6 and MIE 7) and gB (CMV 5A and CMV 5B) Gene and Its Product 
Size
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Figure 2. Sample Recruitment Workflow. Total of 87 Subjects were Enrolled in this Study

Figure 3. Type of CMV DNA Detected in FFPE Samples (N=18) 

difference between the proportion of CMV DNA taken 
using surgical methods and minimally invasive biopsy. 
The details of CMV DNA proportion and its relation to 
the variable can be seen in Table 3.

Discussion

In this study, CMV DNA detection was carried out 

in FFPE NSCLC samples to determine the proportion 
of CMV DNA in NSCLC. More evidences are mounting 
regarding the relationship between cytomegalovirus 
and malignancy in other types of cancer, for example, 
glioblastoma and nasopharyngeal cancer, but very little 
has been studied in lung cancer. We hope that the results 
of this study will be useful as a basis for further research 
in the future regarding the relationship between CMV 
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Variable N (87) %
Sex
     Male 69 79.3
     Female 18 20.7
Age, years
Mean ± SD 59.1 ± 10.2
Specimen acquisition technique (N=87)
     Open surgery 44 50.5
     Minimally-invasive biopsy 43 49.5
     Transbronchial biopsy 3 7.0
     Pleural biopsy 4 9.3
      Bronchoscopy – forceps biopsy 13 30.2
     Transthoracal core biopsy 16 37.2
     Bronchoscopy – cryobiopsy 7 16.3
Year sample obtained (N=87)
     2017 7 8.0
     2018 13 14.9
     2019 7 8.0
     2020 1 1.1
     2021 5 5.7
     2022 31 35.6
     2023 23 26.4
Smoking status (N=87)
     Smoker 43 49.0
     Non-smoker 18 21.0
     Unknown 26 30.0
Brinkman Indeks (N=43)
     Light 4 9.3
     Moderate 18 41.9
     Heavy 20 46.5
     Unknown 1 2.3
EGFR mutation (N=38)
     Wild type 16 42.0
     Common mutation 21 55.0
     Uncommon 1 3.0
NSCLC type (N=87)
     Adenocarcinoma 55 63.0
     Squamous cell carcinoma 29 33.0
     Other 3 4.0
Stage at diagnosis (N=70)
     IA 3 4.3
     IB 3 4.3
     IIA 2 2.9
     IIB 3 4.3
     IIIA 9 12.8
     IIIB 5 7.1
     IIIC 2 2.9
     IVA 37 52.9
     IVB 6 8.6

Table 2. Characteristics of Study Subjects
Variable N (87) %
Performance status at diagnosis (N=87)
     0 9 10.3
     1 41 47.1
     2 11 12.6
     3 8 9.2
     4 1 1.2
     Unknown 17 19.5

Table 2. Continued

*Brinkman Index light: 0-200, moderate: 201-599, heavy: ≥600; 
EGFR: epidermal growth factor receptor; NSCLC: non small cell lung 
carcinoma.

Variable CMV P value
Positive Negative

EGFR mutation (N=38)
     Positive 6 16 0.43
     Negative 2 14
Smoking status (N=61)
     Smoker 11 32 1 
     Nonsmoker   4 14
Brinkman Indeks (N=59)
     Nonsmoker 4 13 0.95
     Light 1 3
     Moderate 4 14
     Heavy 6 14
NSCLC type (N=87)
     Adenocarcinoma 13 42 0.53
     Squamous cell carcinoma 5 24
     Other 0 3
Biopsy technique (N=87)
     Open surgery 6 38 0.119
     Minimally invasive biopsy 12 31
Time of sample biopsy (N=87)
Within 3 years 17 42 0.009
More than 3 years 1 27

Table 3. Proportion of CMV DNA within Different 
Variables 

and lung cancer, its management and its relationship to 
prognosis. In this research, the PCR and FFPE samples 
were chosen as samples because these can be obtained 
easily at relatively affordable costs.

This study included a total of 87 FFPE samples 
originating from the Anatomical Pathology laboratory 
at Persahabatan Hospital’s archival. Tissue samples 
were obtained between 2017 and 2023. Samples were 
selected based on the total sampling method. The 
samples were selected based on expertise by pathologist 
and have sufficient specimen for DNA extraction with 
criteria of a minimum of 200 cells. Accompanying data, 
including demographic data, smoking history, cancer 
stage at diagnosis, EGFR mutation and NSCLC type, 
were obtained through hardcopy and electronic medical 
records. Of the 87 FFPE samples included in this study, 
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there were 61 samples that had complete accompanying 
data. However, all CMV DNA detection results from 
all samples were still reported as the main outcome 
considering the small number of samples obtained.

Most of study subjects was male (79.3%) with an 
average age of 59.1 years. The proportion of men in this 
study was higher than women. This is similar to various 
other studies which state that men are more susceptible 
to lung cancer than women, especially those aged over 
54 years. 39 This is due to the higher level of tobacco 
consumption among men compared to women. Cigarettes 
are the main risk factor for lung cancer [9]. These 
results are in accordance with recommendations from 
the American Thoracic Society which recommends that 
adult patients aged 50 – 80 years who have a 20-pack-
year smoking history undergo lung cancer screening [10].

The majority of subjects smoked with a heavy 
Brinkman index, in accordance with various literature 
which has stated that smoking is the main risk factor for 
lung cancer [11,12]. Bivariate analysis was conducted 
between CMV and smoking status and the Brinkman 
index but these were not statistically significant. These 
results are similar to research by Harabajsa, et al which 
found that there was no significant relationship between 
CMV and smoking in patients with lung cancer. This result 
is different from research conducted by Dickerson, et al 
which found that the smoking population had a higher 
proportion of CMV seroprevalence. This difference can 
be caused by differences in the examination methods. In 
a study by Dickerson, et al, the sample used was blood to 
detect antibodies to CMV while in our study, CMV DNA 
was directly detected in lung cancer tissue using PCR and 
electrophoresis methods [8, 13].

Tissue samples in this study were obtained through 
open-surgical and minimally invasive biopsy techniques 
in similar proportions. The results of this study show 
that CMV DNA can be found in tissue samples obtained 
by either of these methods. There was no significant 
difference regarding the CMV DNA positivity rate 
between the two tissue collection techniques. However, 
the CMV DNA positivity rate was higher in samples 
taken by minimally invasive biopsy methods. This could 
be because these samples were obtained within the last 
three years, while samples originating from surgical tissue 
were partially obtained in 2017-2021. This also shows 
that tissue samples taken with minimally invasive biopsy 
techniques can be used in CMV DNA testing.

Most of the subjects in this study were diagnosed at 
an advanced stage. This result concurs with data from 
guidelines by the Indonesian Lung Doctors Association 
(PDPI) which states that the majority of patients with 
lung cancer in Indonesia are diagnosed at an advanced 
stage [14]. The most common types of NSCLC in this 
study were adenocarcinoma and squamous cell carcinoma 
(SCC). 

The proportion of EGFR mutations in this study was 
found to be 58% of all samples tested for EGFR mutations. 
This figure is greater than the figure compiled from a 
meta-analysis by Zhang, et al in 2016 which shows that 
the proportion of adenocarcinomas with EGFR mutations 
was found to be 38% in China. It is also higher than the 

proportion found in cytological sample of lung cancer in 
Indonesia (44.4%) and in Asia-Pacific (49.3%) [15–17]. 
In this study, it was also found that 95% of the EGFR 
mutations detected were exon 19 deletion and L858R 
substitution mutation in exon 21 (common mutations). 
These results are in accordance with various other studies 
which state that these two mutations are the most common 
types of EGFR mutations found [18].

The main outcome of this research is the proportion 
of CMV DNA found in the NSCLC samples. In this 
study, CMV DNA was detected in 21% of samples. 
The proportion of CMV is greater in adenocarcinoma 
than in SCC. These results are similar with Harabajsa 
et al who used the same PCR primers to detect CMV 
DNA. However, there are differences in the research 
methodology used. In the research conducted by 
Harabajsa, et al, the samples were cytology slides so that 
the sample preparation process did not include a formalin 
and deparaffinization process. In our study, the samples 
were FFPE samples that,during the manufacturing 
process, preserved using formalin at room temperature 
and embedded in a paraffin block. Nevertheless, the 
proportion of CMV DNA are similar in both studies which 
and either cytology or histology specimens may be used 
in future research [8]. 

Research conducted by Berrino, et al in 2020 suggested 
that the tissue preservation process using formalin at room 
temperature can disrupt the integrity of nucleic acids in 
tissue samples and their quality continues to decline over 
time. This research also shows that within six months of 
the tissue being taken, the integrity of nucleic acids in 
formalin-fixed tissue samples progressively decreases, 
especially for detecting longer DNA segments. Another 
study by Watanabe, et al in 2017 showed that the 
integrity of DNA stored in FFPE continued to decline. 
DNA integrity, which was measured by comparing the 
number of long and short segment amplicons, decreased 
significantly when compared at 6 months, 3 years and 12 
years after the sample was taken. According to Berrino, 
et al., this problem can be ameliorated by modifying the 
tissue preservation technique using formalin at a cold 
temperature of 4oC. In this study, we also found that a 
greater proportion of CMV was detected in newer samples 
with a proportion reaching 30% in samples taken within 
1 year before DNA extraction. In the bivariate analysis, 
we found that the CMV DNA positivity rate in this study 
was significantly higher in tissue samples obtained in the 
last three years compared to older tissue samples. The 
proportion of CMV DNA in our study, if only considering 
samples from the last three years, was 28.8%, higher than 
the results obtained by other studies [8, 15, 19, 20].

Data shows that Southeast Asia has a high CMV 
seroprevalence with positive rates of IgG seroprevalence 
against CMV ranging from 52.4% to 100% [2]. In 
Indonesia, there is no data regarding CMV seroprevalence 
in adults, but the CMV seroprevalence in newborns is 
5.8%. In comparison, the global seroprevalence of CMV 
infection in newborns is 0.6 to 6%. This number put 
Indonesia in the higher range of CMV seroprevalence. 
This could be related to the relatively high proportion 
of CMV in our study, especially if only considering the 
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proportion of positive CMV DNA in the last three years’ 
sample [21]. 

Research shows that CMV can be transmitted from 
various routes. The main route of entry for CMV into 
the body is through contact between infected body fluids 
such as saliva, breast milk, semen, tears, or urine with the 
mucosa. After entering the body, CMV can become latent 
or be carried through the bloodstream and infect various 
organs including the lungs. Cytomegalovirus can also 
be transmitted indirectly through contaminated surfaces. 
Some evidence shows that CMV DNA can be detected in 
the air of CMV-infected patient’s rooms. This can explain 
how CMV can be detected in lung tissue [22, 23].

In this study, the tissue examined contained malignant 
cells from NSCLC patients. Compared to healthy tissue, 
the proportion of CMV DNA in this study was higher. In 
research published by Hazir-Konya, et al in 2020, CMV 
DNA was only found in 1.58% of gastrointestinal tissue 
samples. In healthy ovarian epithelial cells, CMV DNA 
was found at 0.5%. In the skin of healthy patients, CMV 
DNA was found in 5.1% of tissue samples. There is no 
data regarding the proportion of CMV in healthy lung 
tissue samples, but research by Lee shows a proportion of 
18% in bronchial lavage samples. The higher proportion 
of CMV DNA in NSCLC tissue samples compared to 
healthy tissue could indicate that there is a possibility that 
CMV plays a role in the pathogenesis of NSCLC through 
mechanisms that are not yet clearly understood [24–27].

In this study, two genes were detected, the MIE and gB 
genes. The two primers for these genes were chosen based 
on previous research by Harabajsa, et al and have been 
proven to be able to detect traces of CMV DNA in lung 
cancer cells [8]. These two genes are highly conserved 
and can be found in all CMV strains because they have 
critical functions [28].  The MIE (major immediate early) 
gene is a gene involved in the virus replication cycle. The 
MIE gene is expressed very early even before the virus 
replication process takes place. Expression of the MIE 
gene will trigger the expression of other genes involved 
in the virus replication process. In latent CMV viruses, 
the MIE gene also plays a role in virus reactivation. The 
gB (glycoprotein B) gene is a gene encoding an envelope 
protein which plays a role in the process of virus entry into 
cells and the process of spreading CMV infection between 
cells. Research by Isaacson, et al shows that CMV which 
has a defect in gB gene expression can attach to cells but 
cannot enter the cell [29]. In cancer cells, the glycoprotein 
produced by the gB gene can interact with EGFR and 
activate the PI3K/AKT pathway so that increasing cell 
growth, cell survival and cancer cell migration [30, 31].

In this study, the gB gene was detected more frequently 
than the MIE gene. These results are different from the 
results of research by Harabajsa, et al which found more 
MIE genes but are similar to research conducted by Yang, 
et al on breast tumor samples. In this study, Yang, et al 
found that the gB gene was detected in 18.4% of breast 
tumor samples and no MIE gene was detected [32]. This 
difference could be caused by different CMV variants 
between population. A study shows that mutations in the 
gB gene cause CMV to enter cells through a different and 
faster process. It is reasonable to suspect that variants 

between different CMV strains could affect the DNA 
that can be detected by PCR. This difference may also 
be due to the fact that in these two studies, CMV could 
be in different phases of viral replication because the 
MIE and gB genes are expressed in two different phases 
of replication. Another possibility is that this difference 
could also be caused by differences in the types of samples 
studied. In the study by Harabajsa, the samples came from 
adenocarcinoma cytology samples, whereas in this study 
the samples came from paraffin block samples of NSCLC 
tissue which included adenocarcinoma and other types of 
NSCLC. Another possibility is that the differences could 
be caused by the small number of samples so that they do 
not represent real conditions. There are still few studies 
examining the MIE and gB genes in the same sample so 
further research is needed to find the implication of this 
difference [8, 32].

Bivariate analysis was done between CMV DNA and 
EGFR mutations. The EGFR mutations were detected 
more frequently in samples with the CMV gene, although 
this was not statistically significant. These results are in 
accordance with research by Harabajsa, et al which found 
that CMV DNA was significantly more common in lung 
cancer cytology samples with positive EGFR mutations 
[8]. It is known that CMV uses the EGFR receptor as 
a pathway for virus entry into cells [3]. Research by 
Cojohari, et al also showed that CMV can cause cells 
to enter an antiapoptotic state through binding of the gB 
glycoprotein on the viral envelope to the EGFR receptor 
on the cell surface through activation of the PI3K/AKT 
pathway [31].

The results of this study may provide interesting 
implications for either clinical practice or future research. 
These findings provide an indication that there may be a 
relationship between NSCLC and CMV and strengthen 
the suspicion that there is a role for CMV as an oncogenic 
virus. Further research needs to be carried out to determine 
the mechanisms underlying how CMV acts as an 
oncogenic agent. More sophisticated research methods 
need to be carried out, for example by DNA sequencing, 
to find out whether the CMV DNA has integrated with 
cancer cell DNA and caused mutations in the cancer cells 
or just a DNA contaminant in the tissue.

In clinical practice, these findings make it important 
for clinicians to remember that co-infection with 
CMV often occurs in cancer patients. In other studies 
conducted on post-surgical lung cancer and breast cancer, 
the detection of CMV DNA in breast cancer cells was 
associated with a worse prognosis [32, 33]. In research 
conducted by Stragliotto et al. [6] in 2013, it was shown 
that glioblastoma patients with CMV DNA detected 
in tissue samples have a significantly higher overall 
survival if they receive adjuvant antiviral therapy in the 
form of valganciclovir. If further research succeeds in 
proving that CMV is an oncogenic agent in NSCLC and 
antiviral administration is able to improve the prognosis 
of KPKBSK patients, then the management of KPKBSK 
can be improved for the better [6].

Limitations
This research has several limitations. In this study, 
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CMV DNA detection was done using FFPE samples taken 
within the last six years due to the limited number of FFPE 
samples that could be obtained. The quality of DNA in 
FFPE samples continues to decline over time that in older 
FFPE samples, a higher rate of false negatives can occur. 
In newer FFPE samples, a higher proportion of CMV 
DNA was detected. In future studies, samples obtained 
within the last three years should be used. Fresh samples 
should also be studied and compared with FFPE samples.

The methods used in this research were PCR and 
electrophoresis. This method is able to detect CMV 
DNA by using primers for the MIE gene and gB gene. 
However, the PCR and electrophoresis methods are unable 
to distinguish whether the CMV gene represent CMV 
coinfection in tissue samples, only a contaminant, or 
there has been integration between CMV DNA and cancer 
cell DNA. Another possibility that could provide similar 
results is that CMV does not play a role in oncogenesis but 
CMV DNA is detected because the immunosuppression 
process in cancer patients causes reactivation of latent 
CMV in the patient’s body. Research shows that latent 
CMV infections are more susceptible to reactivation in 
cancer patients [34]. These questions can be confirmed 
if more sophisticated examination methods was used, 
for example by DNA sequencing (next gene sequencing) 
or using the fluorescence in situ hybridization (FISH) 
technique.

There are no universal standards regarding the 
minimum sample volume or an appropriate number of 
cells for CMV DNA examination. As a comparison, testing 
for EGFR mutations according to the literature requires 
at least 200 cells or 10% of the cells were tumor cells. In 
this study, FFPE samples that were considered adequate 
were samples that were assessed as adequate based on the 
observations by anatomical pathologists with a minimum 
cell count of 200 cells, referring to the minimum number 
of cells for molecular examination of EGFR mutations. 
However, another study by Harabjsa, et al which used 
cytology samples provided similar CMV DNA detection 
results. This result may reflect that the minimum sample 
volume required for CMV DNA detection is lower than 
that used in this study. In future studies, low volume of 
samples should not discourage researcher to test for CMV 
DNA. Further research is needed to determine the standard 
sample volume required for detection of CMV DNA in 
NSCLC tissue [35].

In conclusion, cytomegalovirus DNA can be detected 
in NSCLC FFPE samples and may indicate CMV’s role 
in carcinogenesis. Further studies are needed to delineate 
its role in carcinogenesis.
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