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ABSTRACT

Background: Infection is one of the main risk factors for cancer.
Objectives: Epidemiology, pathogenesis, and disease burden of infection-related cancers were reviewed by infectious agents.

Findings: Chronic infection with Epstein-Barr virus, hepatitis B and C viruses, Kaposi sarcoma herpes virus, human
immunodeficiency virus (HIV) type 1, human papillomavirus (HPV), human T-cell lymphotropic virus type 1, Helicobacter pylori,
Clonorchis sinensis, Opisthorchis viverrini, and Schistosoma haematobium are associated with nasopharyngeal carcinoma; lymphoma
and leukemia, including non-Hodgkin lymphoma, Hodgkin lymphoma, and Burkitt lymphoma; hepatocellular carcinoma; Kaposi
sarcoma; oropharyngeal carcinoma; cervical carcinoma and carcinoma of other anogential sites; adult T-cell leukemia/lymphoma;
gastric carcinoma; cholangiocarcinoma; and urinary bladder cancer. In 2008, approximately 2 million new cancer cases (16%)
worldwide were attributable to infection. If these infections could be prevented and/or treated, it is estimated that there would be
about 23% fewer cancers in less developed regions of the world, and about 7% fewer cancers in more developed regions.

Conclusion: Widespread application of existing public health methods for the prevention of infection, such as vaccination,
safer injection practices, quality-assured screening of all donated blood and blood components, antimicrobial treatments, and
safer sex practices, including minimizing one’s lifetime number of sexual partners and condom use, could have a substantial

effect on the future burden of cancer worldwide.
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INTRODUCTION

Infection is one of the main contributors to cancer
development. Eleven biological agents have been identi-
fied as group 1 carcinogens by the International Agency
for Research on Cancer Monographs."” These include
Epstein-Barr virus (EBV), hepatitis B and C viruses
(HBV and HCYV, respectively), Kaposi sarcoma herpes
virus (KSHYV, also known as human herpes virus type 8,
HHV-8), human immunodeficiency virus type 1 (HIV-1),
human papillomavirus (HPV) type 16 (HPV-16), human
T-cell lymphotropic virus type 1 (HTLV-1), Helicobacter
(H) pylori, Clonorchis (C) sinensis, Opisthorchis (O)
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viverrini, and Schistosoma (S) haematobium (Table 1). The
prevalence of these infectious agents and the burden of
cancers attributable to infection are much higher in less
developed regions of the world. Of the 12.7 million new
cancer cases that occurred worldwide in 2008, about 2
million (16%) were attributable to infectious agents. This
fraction was higher in less developed regions (22.9%)
than in more developed regions (7.4%).’

INFECTIOUS AGENTS AND
ASSOCIATED CANCERS

EBV can cause several types of cancer, including nasopha-
ryngeal carcinoma (NPC), one of the most common cancers
in South-Eastern Asia, and Burkitt lymphoma in children
in Africa. Chronic infection with HBV and HCV is known
to cause hepatocellular carcinoma (HCC). Chronic infec-
tion with HCV can also cause non-Hodgkin lymphoma
(NHL), especially B<ell lymphoma. KSHV infection is
associated with Kaposi sarcoma and primary effusion lym-
phoma, a rare subgroup of Bcell NHL. HIV-1 infection
confers a high risk for cancer and leads to increased repli-
cation of oncogenic viruses such as EBV and KSHYV,
mainly through immune suppression. Infection with high-

risk HPV types (i.e., HPV16, 18, 31, 33, 35, 39, 45, 51,
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Table 1. Infectious Agents, Associated Cancer Sites, and Mechanisms of Carcinogenesis2

Group 1 Infectious Agents
Epstein-Barr virus

Hepatitis B virus

Hepatitis C virus

Kaposi sarcoma herpes virus

Human immunodeficiency virus type 1

Human papillomavirus type 16

Human T-cell lymphotropic virus type 1
Helicobacter pylori

Cancer Sites
Nasopharyngeal carcinoma, Burkitt
lymphoma, immune-suppression-related
non-Hodgkin lymphoma, extranodal

natural killer/T-cell ymphoma (nasal type),

Hodgkin lymphoma
Hepatocellular carcinoma

Hepatocellular carcinoma, non-Hodgkin
lymphoma

Kaposi sarcoma, primary effusion
lymphoma

Kaposi sarcoma, non-Hodgkin lymphoma,

Hodgkin lymphoma, carcinoma of the
cervix, anus, conjunctiva

Carcinoma of the cervix, vulva, vagina,
penis, anus, oral cavity, and oropharynx
and tonsil

Adult T-cell leukemia and lymphoma

Non-cardia gastric carcinoma, low-grade
B-cell MALT gastric lymphoma

Mechanisms of Carcinogenesis
Direct carcinogens

Indirect carcinogens that act via chronic
inflammation

Indirect carcinogens that act via chronic
inflammation

Direct carcinogens

Indirect carcinogens that act via immune
suppression

Direct carcinogens
Direct carcinogens

Indirect carcinogens that act via chronic
inflammation

Clonorchis sinensis Cholangiocarcinoma

Opisthorchis viverrini Cholangiocarcinoma

Schistosoma haematobium

Urinary bladder cancer

Indirect carcinogens that act via chronic
inflammation

Indirect carcinogens that act via chronic
inflammation

Indirect carcinogens that act via chronic
inflammation

MALT, mucosa-associated lymphoid tissue.

52, 56, 58, and 59) can cause cervical carcinoma. HPV16
also can cause carcinoma of the vulva, vagina, penis, anus,
oral cavity, oropharynx, and tonsil. HLTV-1 causes adult
T-cell leukemia and lymphoma (ATLL). H pylori infection is
associated with gastric carcinoma. H pylori infection also
causes B-cell mucosa-associated lymphoid tissue (MALT)
gastric lymphoma. C sinensis and O viverrini are liver flukes
that are endemic in North-Eastern Thailand and many areas
of South-Eastern Asia, respectively. Infection with these
parasites is associated with cholangiocarcinoma (CCA). S
haematobium is endemic in most countries in Africa and the
Eastern Mediterranean region, and infection with this
parasite can cause urinary bladder cancer.

More recently, markel cell polyomavirus (MCPyV),
a novel member of the polyomavirus family, has been
identified.” There is some evidence that MCPyV has an
important role in the development of Merkel cell carci-
noma, a rare skin cancer arising in the elderly and
chronically immunosuppressed individuals.’

GLOBAL BURDEN OF CANCERS
ATTRIBUTABLE TO INFECTION

The number of cancers attributable to infection is depen-
dent on the number of cancer cases and population

attributable fractions, which show wide variation from
100% in cervical carcinoma to 2.3% in urinary bladder
cancer.” As shown in Figure 1, a large majority of the global
burden of cancers attributable to infection occurs in less
developed regions.

The estimated number of new cases of and deaths
from NPC worldwide in 2012 was 86,691 and 50,828,
respectively. NPC is actually more prevalent in less
developed regions than more developed regions.
Indeed, 92% of NPC cases occur in less developed re-
gions. High-risk regions include South-Eastern Asia (age-
standardized rate [ASR], 4.3), Micronesia (ASR, 2.7),
and Eastern Asia (ASR, 6).

NHL (385,741 new cases worldwide in 2012) and
Hodgkin lymphoma (65,950 new cases worldwide in 2012)
are more prevalent in more developed regions. High-risk
regions for NHL include Northern America (ASR, 12.3),
Australia/New Zealand (ASR, 12.1), Northern Europe
(ASR, 9.7), Western Europe (ASR, 9.2), and Southern
Europe (ASR, 8.4). High-risk regions for Hodgkin lym-
phoma include Northern America (ASR, 2.4), Western
Europe (ASR, 2.4), Australia/New Zealand (ASR, 2.4),
Southern Europe (ASR, 2.3), and Northern Europe (ASR,
2.2).° Differences in early detection and diagnosis between
more and less developed regions’ and competing causes of
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mortality may partially contribute to the geographic varia-
tion in the incidence of lymphoma. Moreover, patients with
severe immunodeficiency who are at high risk for lym-
phoma in less developed regions tend to die of infectious
diseases before lymphoma can develop.”

Liver cancer can also be defined as largely a prob-
lem of less developed regions. Indeed, 83% (50% in
China alone) of the estimated 782,000 new cases
worldwide occurred in less developed regions in 2012.
In the same year, liver cancer was the fifth most com-
mon cancer in men (554,000 cases) and the ninth most
common cancer in women (228,000 cases). In men, the
regions of high incidence are Eastern Asia and South-
Eastern Asia (ASRs, 31.9 and 22.2/100,000 men,
respectively). In women, the rates are generally much
lower, but are highest in Eastern Asia and Western
Africa (ASRs, 10.2 and 8.1/100,000 women, respec-
tively). Liver cancer is the second most common cause of
cancer death worldwide, estimated to be responsible for

nearly 746,000 deaths in 2012.°

Kaposi sarcoma is a relatively rare cancer with an
estimated 44,247 new cases and 26,974 deaths worldwide
in 2012. The majority of cases (85%) occur in Africa.”

Cervical carcinoma is the fourth most common
cancer in women, with an estimated 528,000 new cases
and 266,000 deaths worldwide in 2012. As with liver
cancer, a large majority (>80%) of the global burden
occurs in less developed regions, where cervical carci-
noma accounts for almost 12% and 7.5% of all female
cancer cases and deaths, respectively. High-risk regions
include Eastern Africa (ASR, 42.7/100,000 women),
Melanesia (33.3), Southern Africa (31.5) and Middle
Africa (30.6).°

Gastric carcinoma is the fifth most common cancer
in the world, after cancers of the lung, breast, and pros-
tate, and colorectal cancer, with an estimated 952,000 new
cases and 723,000 deaths in 2012. Of these new cases,
more than 70% occurred in less developed regions
(456,000 cases in men, 221,000 cases in women) and

50% occurred in Eastern Asia (mainly in China ©
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CCA is relatively rare, but high incidence rates have
been reported in Eastern Asia, especially in Thailand.
Very high incidence rates (85/100,000) have been re-
ported in northeast Thailand, where CCA represents
approximately 85% of total primitive liver cancers,” and in
other Asian countries such as China and Korea.'”

Urinary bladder cancer is the sixth most common
cancer in men with an estimated 330,380 new cases
worldwide in 2012. The regions of high incidence in
men include Southern Europe (ASR, 21.8), Western
Europe (ASR, 19.7), Northern America (ASR, 19.5),
Western Asia (ASR, 19), and Northern Africa (ASR,
15.1). In women, the rates are generally much lower
(99,413 new cases), with the highest rates found in
Northern America (ASR, 5.1), Western Europe (ASR,
4.3), Southern Europe (ASR, 3.8), Northern Europe
(ASR, 3.6), and Northern Africa (ASR, 3.2).°

EPIDEMIOLOGY AND PATHOGENESIS

Epstein-Barr Virus

EBV infection is common and has been detected in pop-
ulations throughout the world. In less developed regions,
EBV infection tends to occur in children aged 3 or 4 years,
whereas it is delayed until adolescence in more developed
regions.'’ NPC is a highly invasive malignancy that is rare in
most Western countries, but high incidence rates have been
observed in certain populations in South-Eastern Asia and
Northern Africa, especially in Southern China, Singapore,
and Malaysia."" More than 95% of NPCs are undifferen-
tiated (type II), and in high-incidence areas, nearly all cases
are EBV-related.” The EBV latent membrane proteins 1
and 2 have profound effects on cellular gene expression and
cellular growth and result in NPC. In addition to potential
genetic changes, the establishment of a latent, transforming
infection in epithelial cells is likely to be a major contributing
factor to the development of this cancer."”

EBV infection is associated with several tumors of
lymphoid tissues. In less developed regions, EBV is found
in 90% of childhood Hodgkin lymphoma and 60% of
Hodgkin lymphomas that occur in adulthood, whereas in
more developed regions it is found in only 40% of cases.”
The association between EBV infection and Burkitt
lymphoma, which is primarily a childhood malignancy,
has long been established. Endemic areas of Burkitt
lymphoma are found in Papua New Guinea and sub-
Saharan Africa, where in certain areas it is the most
common childhood cancer.!' In endemic areas, more
than 95% of Burkitt lymphoma is attributable to EBV.’
Although the precise etiologic role of EBV in the lym-
phomagenesis of Burkitt lymphoma remains unclear,
EBV infection induces cmyc overexpression and cytoge-
netic changes that are sufficient to develop this disease."’

EBV is also associated with certain types of natural
killer (NK)/T-cell lymphomas including extranodal NK/
T-cell lymphoma of the nasal type, and there is growing

evidence that EBV may be involved in the development
of gastric carcinoma. Indeed, EBV is detected in 10% of
gastric carcinomas worldwide.'

Hepatitis B Virus
HBV is transmitted by percutaneous and permucosal
exposure to infected blood and other body fluids, including
semen and vaginal fluid. Common modes of transmission
include mothertoinfant, childtochild, unsafe injection
practices and blood transfusions, and sexual contact.”
There is large variation in the prevalence of HBV
infection worldwide. The prevalence of chronic infection
with HBV is low (<2% hepatitis B surface antigen
[HBsAgl-positive) in Northern America, Northern Europe,
Western Europe, and Australia/New Zealand; intermedi-
ate (2%-7% HBsAgpositive) in Japan, the Middle East,
Eastern Europe, Southern Europe, and parts of South
America; and high (>8% HBsAgpositive) in sub-Saharan
Africa, the Amazon Basin, China, Korea, Taiwan, and
several other countries in South-Eastern Asia.'”'® From
1990 to 2005, the prevalence of chronic infection with
HBV decreased in most regions. This was particularly
evident in Central sub-Saharan Africa, Tropical and
Central Latin America, South-Eastern Asia, and Central
Europe. Despite this decrease in prevalence, the absolute
number of HBsAg-positive individuals increased from 223
million in 1990 to 240 million in 2005. Strong declines
were seen in children in South-Eastern Asia following the
implementation of HBV vaccination programs.'’
Chronic infection with HBV is associated with an
increased risk for HCC. In a meta-analysis that included
37 case-control studies and 10 cohort studies, the odds
ratio for HCC was estimated to be 13.5 for individuals
with HBV infection compared with those without HBV
infection.'"® HBV is a non-cytopathic virus and the he-
patic inflammation and injury that occur in acute and
chronic hepatitis and cirrhosis are attributed to host
immune response. The underlying chronic necro-
inflammatory hepatic disease frequently provides a
mitogenic, and possibly also a mutagenic environment in
which virusinduced genetic changes can lead to hep-
atocarcinogenesis. '*" HBV may play a direct role in
HCC via 2 major mechanisms: (a) the integration and
mutation of the viral genome into the host cellular DNA,
which may result in the altered expression of important
cellular genes; or (b) the expression of HBV proteins,
which may have a direct effect on cellular function and
promote malignant transformation.”’

Hepatitis C Virus

HCV can be transmitted by transfusion of blood and

blood products, transplantation of solid organs from

infected donors, injection drug abuse, unsafe therapeutic

injections, and occupational exposure to blood.””
Globally, the prevalence of HCV infection increased

from 2.3% to 2.8% between 1990 and 2005, with a

corresponding increase in the number of individuals
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positive for antibodies against HCV (from >122 million
to >185 million). Central Asia, Eastern Asia, and
Northern Africa/Middle East are estimated to have a high
prevalence of HCV (>3.5%); South Asia, South-Eastern
Asia, sub-Saharan Africa, Andean, Central, and South-
ern Latin America, Caribbean, Oceania, Australasia, and
Central Europe, Eastern Europe, and Western Europe
have a moderate prevalence (1.5%-3.5%); whereas the
Asia Pacific, Tropical Latin America, and Northern
America have low prevalence (<1.5%).”” Chronic infec-
tion with HCV is one of the major risk factors for HCC.
In a meta-analysis with 37 casecontrol studies and 4
cohort studies, the odds ratio for HCC was estimated to
be 12.2 for individuals with HCV infection compared
with those without the infection.'®

The mechanisms underlying the progression of HCV
infection to HCC are currently not fully understood. What
is known is that most individuals with HCV infection fail
to clear the virus. The infection then becomes persistent,
leaving these individuals at longterm risk for progressive
hepatic fibrosis, cirrhosis, or HCC. HCV has an exclusively
aytoplasmic life cycle;”*”” therefore HCV replication and
potentially pro-oncogenic events are restricted to the cyto-
plasm. Although HCV infection leads to chronic inflam-
mation, steatosis, fibrosis, and oxidative chromosomal
DNA damage, several HCV proteins, such as the core
protein, E1/E2 glycoproteins, p7, NS2, NS3, NS4, and
NS5, have been shown to have direct oncogenic effects and
to up-regulate mitogenic processes.zc'27

Kaposi Sarcoma Herpes Virus

KSHV, also known as HHV-8, is a causal factor for
Kaposi sarcoma, and also is associated with primary
effusion lymphoma and some cases of multicentric
Castleman disease.” KSHV is transmitted primarily via
saliva. In countries where KSHV is highly prevalent,
infection usually occurs during childhood and prevalence
increases with age.”””" The peak age of transmission is
generally between 6 and 10 years’”’' and the risk for
infection is increased if family members, especially
mothers, are infected.”®?”?>*? Other risk factors, espe-
cially HIV-1, play an important contributory role in the
development of cancer.”””” In the United States,
Europe, and Australia, the prevalence of KSHV is
elevated in homosexual men, especially HIV-1-positive
homosexual men.”**® In some areas of Europe and
Northern America, after years of dramatically increasing
incidence, a rapid decline in the incidence of Kaposi
sarcoma followed the introduction of highly active anti-
retroviral therapy.’’ However, with the rapid spread of
the HIV/AIDS epidemic in sub-Saharan Africa and the
limited access to treatment, the estimated incidence of
Kaposi sarcoma is around 40 per 100,000 person-years
in Zimbabwe, making Kaposi sarcoma the most com-
mon cancer in men in that country.”” The expert
working group at the International Agency for Research
on Cancer reviewed 22 cohort and 80 case-control

Infection and Cancer

studies, most of which reported relative risks for the as-
sociation between KSHV infection and Kaposi sarcoma
that were greater than 10.”

Primary effusion lymphoma is a very rare subgroup
of B-cell NHL, which presents as pleural, peritoneal, and
pericardial lymphomatous effusions. These comprise less
than 2% of HIV-1-related lymphomas. There is already
strong evidence that KSHYV is a causal agent of primary
effusion lymphoma.”

KSHYV is able to increase the life span of infected
cells. Primary infection induces features that are
commonly seen in transformed cells, such activation of
prosurvival signalling pathways.””*' These functions are
carried out by multiple viral proteins acting in concert.
Individual viral genes and microRNAs augment prolif
eration in multiple experimental systems and also
modulate autophagy and oncogene-induced senes-
cence.*”*> To ensure continued cell survival, KSHV

infection also modulates cellular immunity.***®

HUMAN IMMUNODEFICIENCY VIRUS
TYPE 1

HIV-1 is transmitted by 3 main routes: sexual intercourse,
blood contact, and from mother to infant. Globally, an
estimated 35.3 million people were living with HIV (HIV-
1 and HIV-2) in 2012. Another 2.3 million people had
new HIV infections, which was a 33% decline from the
2001 incidence of 3.4 million. About 95% of new HIV
infections occur in less developed regions. In 2012, the
prevalence of HIV ranged from less than 0.5% in more
developed regions to up to 26% in some countries in sub-
Saharan Africa in 2012.%

The 3 most common cancers in HIV-1-infected in-
dividuals are Kaposi sarcoma (caused by KSHV), lym-
phomas (many EBV-positive), and cervical and
anogenital carcinomas associated with HPV infection.”
These infectious etiologies explain why the associated
cancers are greatly increased in immunosuppressed in-
dividuals. Indeed, infection with oncogenic viruses is
much more common than the diseases these viruses
cause, and the incidence and severity of these cancers is
greatly increased by immunosuppression. Viruses have
evolved to survive through 3 essential properties: trans-
mission, lytic replication, and latency. Immune dysre-
gulation may facilitate the development of cancer.”

HUMAN PAPILLOMAVIRUS

HPV infection is a necessary cause of cervical carcinoma.
HPV DNA is found in almost 100% of samples of cer-
vical carcinoma and cervical intraepithelial neoplasia grade
3 worldwide.”> There are more than 100 different HPV
types, about 40 of which are known to infect the genital
tract and 12 of which are classified as group 1 carcinogens:

HPV16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, and 59.”°
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HPV is transmitted mainly through direct skin-to-skin or
skinto-mucosa contact. Lifetime number of sexual part
ners has been shown to be the main determinant of
anogenital HPV infection in both women and men.”* In
a meta-analysis that included 194 studies comprising 1
million women with normal cytologic results, the esti-
mated global prevalence of HPV was 11.7%. Sub-Saharan
Africa (24%), Eastern Europe (21.4%), and Latin America
(16.1%) showed the highest prevalence.”” HPV16 is also
associated with carcinomas of the vulva, vagina, penis,
anus, oral cavity, and oropharynx and tonsil."

The HPV oncoproteins E6, E7, and E5 play an
important role in regulating viral function during the viral
life cycle and also contribute to the development of cancer.
E6 and E7 promote cellular proliferation, prolong cell cycle
progression, and prevent apoptosis.”® p53 for E6 and reti
noblastoma proteins for E7 have a crucial role in protecting
genomic integrity by forcing apoptosis or inducing cell cycle
arrest until errors in DNA replication can be repaired.””””

HUMAN T-CELL LYMPHOTROPIC VIRUS
TYPE 1

HTLV-1 can be transmitted via sexual intercourse, from
mother to child through breastfeeding, and via trans-
fusion of infected blood products or sharing of needles
and syringes."” HTLV-1 is endemic in certain areas,
especially Southwestern Japan, the Caribbean, and parts
of Africa and South America where up to 10% or more
of the population may be infected.”’

Adult Tecell leukemia/lymphoma occurs almost
exclusively in areas where HTLV-1 infection is endemic.
The cumulative incidence of ATLL among HTLV-1 car-
riers is estimated to be 1% to 5% in endemic areas.’’
Evidence of HTLV-1 infection was initially found in at
least 90% of ATLL cases, and HTLV-1 infection subse-
quently became part of the diagnostic criteria for ATLL.
ATLL occurs mostly in adults, at least 20 to 30 years af
ter the onset of HTLV-1 infection; individuals infected
during childhood may be at higher risk for developing
ATLL."’ Screening of blood donors has been shown to be
an effective strategy in preventing HTLV-1 transmission,
and many countries in endemic areas have implemented
systematic screening of all blood donors.”"

Multiple factors, such as viral genes, genetic and
epigenetic alterations, and the host immune system, may be
implicated in the leukemogenesis of ATLL. Among them,
the viral proteins tax and HBZ are thought to play impor-
tant roles.”* These proteins not only control viral gene
transcription, but also modulate the proliferation of infected
cells. The fact that HTLV-1 induces the proliferation of
infected cells facilitates its transmission through cellto-cell
contact rather than through the release of viral particles.”

Helicobacter pylori
The prevalence of H pylori infection varies widely by
geographic area, age, race, and socioeconomic status. In

more developed regions, most infections occur in early
childhood. The prevalence of H pylori in less developed
regions may reach 70% or more compared with 40% or
less in more developed regions.”” H pylori infection is
limited to the distal part of the stomach, and chronic
infection with H pylori is typically associated with non-
cardia gastric carcinoma. Seventyfive percent of non-
cardia gastric carcinomas worldwide are attributable to
H pylori (3), and H pylori is also associated with low-grade
B-cell MALT gastric lymphoma (2).

The adhesion of H pylori to epithelial cells induces
an inflammatory response, resulting in the recruitment
of neutrophils, followed by B and T lymphocytes, mac-
rophages, and plasma cells. Consequently, large
amounts of reactive oxygen or nitrogen species, involved
in epithelial cell damage and carcinogenesis, are gener-
ated.®® The genomes of H pylori are highly diverse, and
therefore bacterial virulence factors (e.g., cytotoxin-
associated gene pathogenicity island-encoded virulence
factors) play an important role in determining the
outcome of H pylori infection, in combination with host
responses that are augmented by environmental and
dietary risk factors.’’
Helminth Infections
C sinensis and O wviverrini infections are caused primarily
by the ingestion of raw (dried, pickled, or salted), or
undercooked infected fish.” Chronic infections with
these liver flukes are associated with CCA. Endemic
areas are found in China, Korea, Thailand, Laos,
Vietnam, and Cambodia. The relative risk for CCA is
estimated to be 7.8 for individuals infected with O
viverrini and 7.7 for individuals infected with C sinensis.”
Thailand is the most endemic country for O wviverrini,
with an overall prevalence that decreased from 14% in
1980-1981 to 9.6% in 2001.°° The incidence of CCA in
the region with the highest prevalence of O wviverrini in
Thailand was more than 40 times greater than that in
any other geographic region.”” Around 5% to 10% of
CAC is caused by chronic C sinensis infection in
endemic areas.’"!

Infected intra- or extrahepatic bile ducts undergo
severe pathological changes. Liver fluke antigens stimu-
late both inflammatory and hyperplastic changes in the
bile ducts. The liver fluke excretes or secretes metabolic
products, some of which are highly immunogenic, from
the tegument and excretory openings into the bile.””
The metabolic products themselves may be toxic to or
interact with the biliary epithelium.””

S haematobium is associated with bladder cancer.
Endemic areas are found in sub-Saharan Africa, the
Sudan, Egypt, and Yemen.” The overall prevalence of S
haematobium infection in Egypt is 37% to 48% and
urinary bladder cancer accounts for about 31% of the
total cancer incidence in Egypt; it is the most common
type of cancer in men and the second most prevalent,
after breast cancer, in women.”” All S haematobium
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infections follow direct contact with freshwater-harboring
cercariae.”

S haematobium eggs induce chronic inflammation
and irritation in the urinary bladder that seem to be
associated with increased malignant transformation at
the site of inflammation.”® The inflammatory response
around the eggs gives rise to genotoxic factors and
products that may cause genomic instability in host cells,
leading to modifications in the regulation of tumor
suppressor genes and oncogenes, as well as stimulating a
proliferative response in the host cells to repair tissue

damage caused by the inflammation.’ """

BURDEN OF CANCERS ATTRIBUTABLE
TO INFECTIONS

It has been estimated that 15.6% (1,450,000 cases) of the
worldwide incidence of cancer in 1990 could be attrib-
uted to infection with either EBV, HBV and HCV, HIV-
1, HPV, HTLV-1, H pylori, liver flukes or Schistosomes.
There would have been 21% fewer cancer cases in less
developed regions (1 million fewer cases per year) and
9% fewer cases in more developed regions (375,000
fewer cases per year) if these infectious diseases had been
prevented. The attributable fraction at specific cancer
sites varied from 89% of cervical carcinoma attributable
to HPV to 1% of all leukemias attributable to HTLV-1.”

According to another study, there were an estimated
1.9 million cases of infection-attributable cancer in 2002,
representing 17.8% of the global burden of cancer. The
principal infectious agents were H pylori (5.5% of all
cancer), HPV (5.2%), HBV and HCV (4.9%), EBV
(1%), and HIV together with KSHV (0.9%). Relatively
less important causes of cancer were the Schistosomes
(0.1%), HTLV-1 (0.03%), and the liver flukes (0.02%). If
these infections had been prevented, there would have
been 26.3% fewer cancers in less developed regions (1.5
million cases per year) and 7.7% in more developed
regions (390,000 cases). The attributable fraction at the
specific cancer sites varied from 100% of cervical carci-
noma attributable to HPV to a tiny proportion (0.4%) of
HCC (worldwide) caused by liver flukes.®°

A recent study showed that of the 12.7 million new
cancer cases that occurred worldwide in 2008, the pop-
ulation attributable fraction for infectious agents was
16.1%, meaning that around 2 million new cancer cases
were attributable to infectious agents.’ This fraction was
higher in less developed regions (22.9%) than in more
developed regions (7.4%), and varied from 3.3% in
Australia/New Zealand to 32.7% in sub-Saharan Africa.
H pylori, HBV and HCV, and HPV were responsible for
1.9 million cases, mainly gastric carcinoma, HCC, and
cervical carcinoma. In women, cervical carcinoma
accounted for about half of the infection-related burden
of cancer; in men, HCC and gastric carcinoma accoun-
ted for more than 80%. In the recent study, around 30%

Infection and Cancer

of cancers attributable to infections occurred in people
younger than 50 years of age.’

ROLE OF TREATMENT OF INFECTION
ON CANCER RISK

The primary treatment goals for patients with HBV
and HCV infection are to prevent progression of the
infection, particularly to cirrhosis and HCC.
Approved and widely used treatments include con-
ventional interferon (IFN)-& and pegylated (PEG) IFN-
o-2a; the nucleoside analogs lamivudine, entecavir,
and telbivudine; and the nucleotide analog adefovir
dipivoxil and tenofovir.*! A combination of PEG IEN-
o and ribavirin has been widely used for the treatment
of chronic infection with HCV. Two NS3-4A protease
inhibitors, telaprevir and boceprevir, have been
approved in combination with pegylated IFN-o. and
ribavirin for the treatment of chronic infection with
HCV genotype 1.5

Antiviral treatments for HPV, EBV, KSHYV, and
HTLV-1 have had limited success in treating cervical
carcinoma, EBV-associated lymphoma and posttransplant
lymphoproliferative disorder, KSHV-associated Kaposi
sarcoma in AIDS patients, and HTLV-1-associated acute,
chronic, and smoldering subtypes of adult Tcell lym-
phoma, respectively.

A combination of various antibiotics has been used
to eradicate H pylori. These antibiotics are often used in
combination with antisecretory agents, such as proton
pump inhibitors, or with bismuth salts. Guidelines for
the management of H pylori infection have been pro-
posed for the Asia Pacific region,”” less developed re-
gions,™ Europe,”” and the United States.”® Testing and
treatment for H pylori is indicated in patients with dis-
eases such as active peptic ulcer disease and gastric
MALT lymphoma. Despite evidence that H pylori eradi-
cation is effective for the prevention of gastric carci-
noma,”"* screening and treatment of H pylori in the
general population have not yet been recommended in
light of the possible harms, including antibiotic
resistance.”’

Praziquantel is the major chemotherapeutic agent
used to treat C sinensis, O wviverrini, and S haematobium
infections. However, tribendimidine also has recently
been found effective, and is now under investigation as a
promising chemotherapeutic alternative.””””

PREVENTIVE METHODS

Widespread application of existing public health
methods for the prevention of infections, such as vacci-
nation (i.e., HBV and HPV vaccinations), safer injection
practices, quality-assured screening of all donated blood
and blood components, antimicrobial treatments, eating
habits that avoid raw or undercooked fish consumption,
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or safer sex practices, including condom use and mini-
mizing one’s lifetime number of sexual partners, could
have a substantial effect on the future burden of cancer
worldwide.

CONCLUSION

The global burden of cancer attributable to infection is
substantial and less developed regions shoulder the
majority of the burden. Carcinogenic biological agents
have been identified, routes of transmission have been
discovered, and we have methods to prevent and con-
trol infections. We can expect millions of lives to be
saved due to HBV and HPV vaccination in the near
future. Existing preventive methods other than vacci-
nation can also help to decrease the future burden
of cancer worldwide. Further studies and evaluation of
other potential carcinogenic biological agents are
needed.
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