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Abstract

Background: Human cytomegalovirus (HCMV) commonly infects
humans and establishes lifelong infection. It causes disease and in-
creased mortality rates in patients with immunosuppression. HCMV
gene products are found to be present in multiple human malignancies
and target cellular functions involved in tumor development; addi-
tionally, a tumor-cytoreductive role of CMV has also been observed.
The purpose of this study was to evaluate the correlation between
CMYV infection and the incidence of colorectal cancer (CRC).

Methods: The data were provided by a national database that is
compliant with Health Insurance Portability and Accountability Act
(HIPAA). Using International Classification of Disease (ICD)-10 and
ICD-9 diagnostic codes, the data were filtered to evaluate patients
infected with HCMYV versus patients never infected with HCMV. Pa-
tient data from 2010 to 2019 were assessed. Access to the database
was granted by Holy Cross Health, Fort Lauderdale for the purpose of
academic research. Standard statistical methods were used.

Results: Between January 2010 and December 2019, the query was
analyzed and resulted in 14,235 patients after matching in the in-
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fected and control groups. The groups were matched by age range,
sex, Charlson Comorbidity Index (CCI) score, and treatment. The
incidence of CRC was 1.159% (165 patients) in the HCMV group
and 2.845% (405 patients) in the control group. The difference after
matching was statistically significant by a P-value < 2.2 x 10-1¢ with
an odds ratio of 0.37 (95% confidence interval (CI) 0.32 - 0.42).

Conclusions: The study shows a statistically significant correlation
between CMV infection and a reduced incidence of CRC. Further
evaluation is recommended to assess the potential of CMV in reduc-
ing CRC incidence.

Keywords: Colorectal cancer; Cytomegalovirus; Herpesvirus; Tu-
mor progression

Introduction

Colorectal cancer (CRC) is the third most commonly diagnosed
cancer type in the world, with nearly 2 million new cases per
year [1]. It is also the second most common cause of cancer
death worldwide, causing about 1 million deaths per year [1].
The global burden of CRC is expected to further increase by
60% by the year 2030 [2]. There are at least four types of human
CRCs; these consist of adenoma-carcinoma, de novo cancer, he-
reditary non-polyposis colorectal cancer (HNPCC), and colitis
cancer [3]. It has generally been accepted that most human CRC
cases are attributable to environmental conditions or dietary
elements. Established risk factors include consumption of pro-
cessed meats, alcohol, tobacco use, and excess body fat [4, 5].
CRC has not broadly been associated with infectious diseases.

Human cytomegalovirus (HCMV) is one of the eight her-
pes viruses that commonly infects humans and establishes
lifelong infection. HCMV most often causes disease and in-
creased mortality rates in patients with immunosuppression,
such as transplant recipients, acquired immunodeficiency syn-
drome (AIDS) patients, and congenitally infected newborns
[6]. Since HCMV is a ubiquitously opportunistic infection, its
prevalence is that of 60-70% of adults in developed countries
and almost 100% of adults in developing countries [7].

CMV has more recently shown to have a casual asso-
ciation with various cancers. HCMV gene products are pre-
sent in multiple human malignancies; however, the relation
of CMV infection with CRC is unclear and divergent. Sev-
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Figure 1. Analysis of the incidence of colorectal CA in groups matched for age range, sex, and CCl, of patients with history of
CMYV infection versus the control group. CCI: Charlson Comorbidity Index; CMV: cytomegalovirus; CA: cancer.

eral cellular functions involved in tumor development are
targeted by HCMV gene products. These functions include
cell cycle dysregulation, cellular immortalization, mutation
and instability of the viral genome, enhanced cell survival,
and immune escape with tumor spread [8]. In some studies,
CMYV infection is elucidated to increase the chance of devel-
oping CRC; however, many of these studies include limita-
tions such as lacking control groups and only utilizing one
method for detecting CMV [7]. In contrast, a beneficial tu-
mor-cytoreductive role of CMV infection has been observed
in human and animal models in recent studies [9]. HCMV
has been shown to display anti-tumoral activity primarily by
modulating the tumor microenvironment. As a result, cell
death by apoptosis is induced as well as a robust stimulation
of immune cells that infiltrate the tumor tissue [9]. This effect
contrasts with the more commonly described “oncomodula-
tory” effect of HCMV in favor of tumor progression. Conse-
quently, a contentious issue in the role of HCMV in tumor ac-
tivity and carcinogenesis is highlighted. The purpose of this
study was to evaluate the association between CMV infection
and the incidence of CRC.

Materials and Methods

This study was a retrospective cohort analysis. The data utilized
in this study were provided by a national database that is com-
pliant with the Health Insurance Portability and Accountability
Act (HIPAA). Access to the database was granted by Holy Cross
Health, Fort Lauderdale for academic research. The database uti-
lized is called PearlDiver, which contains 53,000,000 patients.
The patients were selected retrospectively using International
Classification of Disease (ICD)-9 and ICD-10 diagnostic codes
for CMV and CRC of all subtypes. As demonstrated in Figure 1,
the data initially were filtered to evaluate patients previously in-
fected with HCMV (the experimental group) versus patients that
have never been infected with HCMV (the control group). The
two groups were further matched by age range, sex, and Charl-
son Comorbidity Index (CCI) score; if treatment with valganci-
clovir, foscarnet, or cidofovir was noted on the patients records,
these patients were matched evenly between the two groups to
avoid the effects of treatment bias. The inclusion criteria of the
experimental group included active status in the database for at
least 8 years, and a history of CMV infection that preceded CRC
if cancer did develop. The inclusion criteria of the control group
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included active status in the database for at least 8 years, and
no history of CMV infection that preceded CRC if cancer did
develop. The primary outcome measure of this study was the de-
velopment of CRC. The query was analyzed from January 2010
and December 2019 and resulted in 14,235 patients after match-
ing in both the experimental and control groups. A Pearson’s
Chi-square test with Yates’ continuity correction was performed;
this was to determine the significance of potential differences in
incidence of CRC between populations with and without a his-
tory of CMV infection. Significance was assessed using relative
risk with a 95% confidence interval, and PearlDiver statistical
software was used to calculate all data outcomes. Subsequent
analysis of the data included a breakdown of the patient demo-
graphics by age, sex, and region of residence in the control and
experimental groups. Length of average hospital stay was also
analyzed in both groups. This study is exempt from Institutional
Review Board (IRB) approval due to the use of de-identified da-
tabase data; this study was conducted without ethical conflicts.

Results

When comparing current patient populations in the database, sig-
nificant differences in the prevalence of CRC were observed in
the CMV(+) group versus the CMV(-) group as determined by
Chi-square statistical analysis. As demonstrated by Figure 2, the
incidence of CRC was 1.159% with 165 patients in the CMV(+)
group in contrast to 2.845% with 405 patients in the CMV(-)
group. The difference between the groups matched by age, sex,
CClI score and treatment was statistically significant by a P-value
less than 2.2 x 1071 with an odds ratio of 0.37 (95% confidence
interval (CI) 0.32 - 0.42). After further data analysis was attempt-
ed, the resulting values were too small to determine whether use
of different antibiotics for treatment was a confounding variable.

Further analysis on the data was performed to evaluate the
differences or similarities in demographic information among
both groups. Variations in age, sex, and region of residence in the
USA amongst the groups across were analyzed. Patients that fell
into the age range category of 70 - 74 years displayed the highest
number of cases of CRC; the CMV(-) group resulted with 108
patients in this age range, and the CMV(+) group resulted in 45
patients. When analyzing the difference in CRC prevalence be-
tween the sexes, males were discovered to have a higher preva-
lence in both groups; males represented 95 out of 165 patients
in the CMV(+) group, and 218 out of 405 in the CMV(-) group.
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Figure 2. A notable increase in incidence of colorectal CA in patients not previously infected with CMV (405 patients) in compari-
son to patients previously infected with CMV (165 patients). CMV: cytomegalovirus; CA: cancer.

Lastly, once the two groups were analyzed regarding region of
residence, the southern region was discovered to have the high-
est prevalence of CRC development in both groups totaling 224
patients (70 CMV(+) and 154 CMV(-)); the northeast population
displayed the second highest prevalence totaling 126 patients (40
CMV(+) and 86 CMV(-)). The patient data of the experimental
and control groups are represented in Figures 3-5.

Upon further analysis of the data, it was also discovered that
patients in the CMV(+) group had an average hospital length of
stay of 16.781 days, whereas the CMV(-) group had an average
stay of 8.348 days. This finding is shown in Figure 6.

Discussion

The study shows a statistically significant correlation between
CMV infection and a reduced incidence of CRC. This is an
important finding as it is generally accepted that over 90-95%
of CRC cases arise from preventable environmental factors
such as infections; additionally, evidence indicates that of all
cancer-related deaths, about 15-20% are due to infections [10].

More than 90% of CRC cases are known to occur in peo-
ple of the age 50 or older [11]. The trend of CRC occurrence
is that it is increasing amongst younger populations; however,
previously conducted research shows that the incidence rate is
over 50 times higher in those aged 60 to 79 years than in those
under the age of 40 years [11]. In Figure 3, the total number
of patients that developed CRC aged 40 - 44 years was 35 pa-
tients which also was the lowest quantity of diagnosed patients
across all measured age groups. The age range with the great-
est quantity of diagnoses among both groups was the range
70 - 74 years, with a total of 153 cases, representing over four
times the quantity of diagnoses in the 40 - 44 years range. This
supports the previously established data describing the relative
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increase in CRC incidence with increasing age.

As is observed in Figure 4, CRC is more common in men
in both groups as is supported by statistical data and reviews
of international data [12]. The increased prevalence of CRC in
men may be due to a variety of behavioral and biological fac-
tors such as dietary preferences and having a greater biological
propensity to deposit visceral fat [12]. However, the data show
minimal differences in 5-year net survival between the sexes
when matched by stage of diagnosis; this could suggest that
there are not compelling differences in effectiveness of CRC
treatment between sexes [12].

Additionally, as CRC is not uniformly present across the
sexes, it has been stated that the incidence of CRC is not uni-
formly present throughout the world; it is mainly a disease of de-
veloped countries with a Western culture [12]. Interestingly, the
incidence rates of CRC tend to rise in economically developed
regions where low-fiber diets predominate [13]. Research sug-
gests that a fiber-deficient diet may lead to carcinogenic changes
in gut bacteria, ultimately increasing the risk of developing CRC
[13]. As observed in Figure 5, the data have shown that inci-
dence of CRC was highest across both groups in the southern
region of the United States. This finding could be partially due
to a greater prevalence of the “southern” diet in these southern
states which is largely devoid of healthy fibers [14].

Lastly, our study has found that patients with a history of
CMV infection that later developed CRC have almost twice as
long of a hospital stay on average for their treatment in com-
parison to the control group; this is exhibited in Figure 6. Our
data represent any hospitalization with the discharge diagno-
sis of interest; however, it would be intriguing to understand
if the hospital stays varied based upon surgical procedures or
complications. It is known that CMV establishes a lifelong la-
tency within a host immune system, therefore placing a heavy
burden on the body [15]; reactivation events are unlikely to
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Figure 3. Distribution by age of colorectal CA patients in both the CMV(+) and CMV(-) groups. Patients not previously infected
show consistently higher volumes of patients with colorectal CA over all ages and both groups peak in the age range 70 - 74.
CMV: cytomegalovirus; CA: cancer.

by symptomatic or even detectable in immunocompetent in- and complications for hospitalized patients and thus lengthen
dividuals; however, chronic infection can eventually lead to their hospital stay. The reason for this difference is unclear;
immune senescence in elderly patients [15]. It is possible that however, it offers an interesting avenue for further exploration.
due to CMV’s burden on the body, it could increase morbidity Opverall, it is evident that the occurrence of CRC is greatly

Sex vs. Number of Patients with Colorectal CA
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Figure 4. Distribution in incidence of colorectal CA in both the CMV(+) and CMV(-) groups separated by sex. Males display a
higher incidence of colorectal CA in both groups. CMV: cytomegalovirus; CA: cancer.
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Figure 5. The difference in incidence of colorectal CA in both the CMV(+) and CMV(-) groups separated by region of the USA.
Patients located in the southern region display the highest incidence of colorectal CA in both groups. CMV: cytomegalovirus;

CA: cancer.

decreased in the population with a history of CMV infection. In
studies investigating the immune response to CMV, it has been
shown that the infection can induce a strong and long-lasting
CD8" T-cell response despite the presence of preexisting anti-
CMV immunity [9]. This could offer an attractive therapeutic
or prophylactic agent in the context of various cancers. With the
growth of recent literature regarding therapeutic bacteria and vi-
ruses to target cancer, our study offers compelling evidence to

further qualify the association between CMV and CRC and the
use of this virus to fight cancer development and growth [16]. In
addition, HCMV has the largest genome in the human herpesvi-
rus (HHV) family, which provides a large platform to improve
the efficacy and/or safety via genetic engineering without alter-
ing viral replication [9]. Further evaluation is recommended to
assess the potential of CMV in reducing CRC incidence and its
potential use as an oncolytic virotherapy.
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Figure 6. The difference (in days) in length of stay for treatment in both the CMV(+) and CMV(-) groups. The CMV(+) group
displays a stay nearly twice as long as the CMV(-) group. CA: cancer; CMV: cytomegalovirus.
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