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ABSTRACT

clearest cancer-inducing viruses are: HPV, HBV, HCV, EBV and,
depending on the geographical area, HHV-8, HTLV-1 and HIV.

The role of certain viruses in the etiology of some tum-
ors is today indisputable, but there is a lack, however, of an
overview of the relationship between viruses and cancer with a
multidisciplinary approach. For this reason, the Health Scienc-
es Foundation has convened a group of professionals from dif-
ferent areas of knowledge to discuss the relationship between
viruses and cancer, and the present document is the result
of these deliberations. Although viruses cause only 10-15%
of cancers, advances in oncology research are largely due to
the work done during the last century on tumor viruses. The
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HPVs, for example, are considered to be the causative agents
of cervical carcinomas and, more recently, of a proportion of
other cancers. Among the Herpes viruses, the association with
the development of neoplasms is well established for EBV and
HHV-8. Viruses can also be therapeutic agents in certain neo-
plasms and, thus, some oncolytic viruses with selective tropism
for tumor cells have been approved for clinical use in humans.
It is estimated that the prophylaxis or treatment of viral infec-
tions could prevent at least 1.5 million cancer deaths per year.
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Vision general de las relaciones entre virus y
cancer: documento de posicion

RESUMEN

El papel de ciertos virus en la causalidad de algunos tu-
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mores es hoy indiscutible, pero se carece, sin embargo, de una
vision general de las relaciones virus y cancer con una aprox-
imacion multidisciplinar. Por ello, la Fundacion de Ciencias de
la Salud ha convocado a un grupo de profesionales de distintas
areas del conocimiento para discutir sobre la relacion virus y
cancer y el presente documento es el resultado de dichas de-
liberaciones. A pesar de que los virus causan solo un 10-15%
de los canceres, los avances en la investigacion oncologica se
deben, en gran medida, al trabajo que se realizd durante el sig-
lo pasado sobre los virus tumorales. Los virus mas claramente
inductores de cancer son: VPH, VHB, VHC, VEB y, en funcion de
la zona geografica, VHH-8, HTLV-1y VIH. Los VVPH, por ejemplo,
se consideran los agentes causantes de los carcinomas de cér-
vix y, mas recientemente, de una proporcion de otros canceres
y entre los virus Herpes, la asociacion con el desarrollo de
neoplasias estd bien establecida para VEB y VHH-8. Los virus
pueden ser también agentes terapéuticos en determinadas ne-
oplasias y, asi, algunos virus oncoliticos con tropismo selectivo
para células tumorales, han sido aprobados para su uso clinico
en humanos. Se estima que la prevencion o tratamiento de las
infecciones virales podria evitar no menos de un millon y me-
dio de muertes anuales por cancer.

INTRODUCTION

The success in human longevity achieved in recent dec-
ades is impressive and could be even greater if the major chal-
lenges of neurodegenerative diseases, cardiovascular disease
and cancer could be controlled.

Of the three challenges above, cancer treatment is per-
haps achieving more success than the other two, not only be-
cause of better prevention and earlier diagnosis, but also be-
cause of increasingly effective and better-tolerated treatment.

Viruses offer a first approximation to the aetiological di-
agnosis in the case of cancer and the role some of them play
in the pathogenesis of certain tumours is today indisputable.
Their prevention, such as in the case of HPV and cervical can-
cer, has radically changed our expectations for the future and
allows us to envision the eradication of this tumour. Unfor-
tunately, the virus-cancer relationship is not so clear-cut in
many other tumours and when we look for global data on that
relationship, we find scattered and inaccurate, irregular litera-
ture of a very uneven nature and quality.

For this reason, the Health Sciences Foundation has pro-
posed examining the virus-cancer relationship more general-
ly, in a multidisciplinary forum, aiming to obtain answers to a
series of simple questions from experts in different aspects of
the problem. This meeting has included oncologists, gastroen-
terologists, internists, gynaecologists, specialists in infectious
diseases and HIV, microbiologists, basic biologists, representa-
tives of patient associations and the media, and specialists in
preventive medicine and ethics.

A first block of questions was aimed at putting the dimen-
sion of the Virus-Cancer relationship, the cancers most clearly
caused by viruses, the great historical milestones of this re-

lationship and some aspects of oncogenesis into perspective.

In a second block, some potential solutions ranging from
vaccines to the treatment of hepatitis C were addressed and
the possible role of bacteria and parasites as alternative on-
cogenic agents was also discussed. We also wanted to under-
stand the importance that cancer patient associations place on
this relationship, the understanding that the media has of the
problem and the ethical aspects that all this raises.

MATERIAL AND METHODS

The members of the Board of Trustees of the Health
Sciences Foundation proposed a series of questions on the re-
lationship between viruses and cancer that would answer the
main uncertainties of the problem at present. The questions
were accepted by a multidisciplinary panel of experts. Each
question was reported by one of the experts and subsequent-
ly the text and its conclusions were discussed by the working
group until conclusions were reached that were accepted by
all.

We now turn to the questions and their development. The
views expressed are not intended to set out any particular rec-
ommendation or therapeutic indication and represent only the
opinion of the group's speakers and not necessarily that of the
institutions in which they work.

QUESTION: WHAT ARE THE MAJOR HISTORICAL
MILESTONES IN THE VIRUS AND CANCER
RELATIONSHIP?

In the early 1970s, most tumours were assumed to be
caused by viruses, so much of the research into cancer re-
volved around tumour viruses. This assumption was eventually
discarded and today it is estimated that only 10-15% of can-
cers are caused by viruses. However, research into viruses and
cancer, the milestones of which are summarised below, proved
decisive in understanding the aetiology of the disease [1-4].

Discovery of the avian sarcoma virus

In the early 1900s, Peyton Rous, working at the Rockefeller
Institute in New York, showed that a type of sarcoma affecting
chickens was transmissible through homogenate filtrates that
could only contain viruses. Years later, the causative virus was
isolated and named Rous Sarcoma Virus (RSV). This discovery
marks the beginning of research into tumour viruses.

Transformation in cell cultures

During the 1960s, Harry Rubin and Howard Temin man-
aged to establish a new experimental model to study tumour
viruses at the California Institute of Technology. It consisted of
the infection of fibroblasts in culture with the Rous Sarcoma
Virus. The infection caused radical changes in the phenotype
of the cells, which acquired capacities characteristic of tumour
cells, such as: reduced dependence on growth factors, immor-
tality, anchorage-independent growth, motility, invasiveness,
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loss of contact inhibition, metabolic reprogramming and the
ability to form tumours in syngeneic or immunosuppressed
mice. These changes were called cellular transformation. The
new experimental system ushered in a new era in tumour virus
research [5, 6].

Discovery of DNA tumour viruses

In 1960, at the Rockefeller Institute in New York, Richard
Shope identified the virus that causes papillomas in rabbits.
Papillomas are benign tumours that rarely progress to squa-
mous cell carcinomas of the skin. Unlike Rous Sarcoma Virus,
whose genetic material is RNA, papillomaviruses are made of
DNA. There are currently more than 100 human papillomavi-
ruses (HPV) described. The discovery of HPV was followed by
the discovery of more tumour viruses whose genetic material
is DNA, including: i) Polyomavirus, which when infecting mice
caused tumours of various origins, hence its name, ii) Simian
Virus 40 (SV40), which is a lytic virus in some primate cell types
and silent in rodent cells and is therefore called non-permis-
sive. In non-permissive cells, SV40 produces cellular transfor-
mation, although at a very low frequency [7-9].

Papillomavirus, polyomavirus, and SV40 are known as pa-
povaviruses. Their DNA is a small circular molecule.

Other viruses with oncogenic capabilities include: i) Ade-
novirus, which infects the airways and can produce tumours
when it infects hamster cells, i) Herpesvirus, which produces
different tumours in human cells, iii) Epstein Barr Virus (EBV),
which can produce Burkitt's lymphomas or nasopharyngeal
carcinomas. Compared to the papovaviruses, the latter three
are very large.

Integration of the virus into the host cell genome

Several lines of evidence showed that the tumour virus-
es had to remain active in the tumour cells to maintain the
transformed phenotype. The inactivation of the virus produced
a return to the normal cellular state.

Different viruses use different mechanisms to keep tu-
mour cells from dividing after division. Some, like EBV or HPV,
become integrated, becoming a part of the cell genome. Almost
all cervical tumours are produced by HPVs, which make up the
part of their genome necessary for cell transformation (the F6
and E7 oncogenes) [10].

Herpesviruses use two strategies to perpetuate their ge-
nome in tumour cells. Some, such as human herpesvirus-6
(HHV-6) integrate into the telomeric regions of the chromo-
somes, which are transcriptionally silenced, making the virus
able to remain latent for long periods of time. Others, such as
the herpesvirus that produces Kaposi's sarcoma (HHV-8), repli-
cate episodically, i.e., extrachromosomally, but are able to bind
to chromosomes temporarily to ensure replication.

While DNA virus integration solved how they could remain
in the tumour cells, it created a seemingly unsolvable prob-
lem. How did RNA viruses like Rous Sarcoma Virus remain?
The solution to this problem led to one of the most surprising
discoveries in biology: retrotranscription. Howard Temin and

David Baltimore showed that RNA viruses copy their genome
into double-stranded DNA, which integrates into the host cell's
genome. Retrotranscription violated the dogma proposed by
Francis Crick by which the flow of biological information fol-
lows the DNA-RNA-Protein direction. In fact, retrotranscription
is a mandatory step in the life cycle of retroviruses;as the RNA
viruses that undergo this process are called. In contrast, the
integration of DNA viruses is a very rare event (< 1 in 1,000
infections).

Identifying the first of a long list of oncogenes

Rous Sarcoma Virus, like most retroviruses, has a reduced
genome (~10 kb). In it are encoded the genes necessary for its
retrotranscription and integration, as well as the proteins that
form part of its capsid. This simplicity made them very useful
tools in identifying the elements required for cell transforma-
tion. By comparing viral variants capable of replication but not
transformation, with variants capable of transformation but
not replication, it was concluded that a single gene, called src,
was responsible for cell transformation.

Characterising the src oncogene, in 1974 Harold Varmus
and Michael Bishop, working at the University of California,
San Francisco, obtained a totally unexpected result [11-13].
They found copies of src in cells that had not been transformed
by Rous Sarcoma Virus. Actually, src is a gene present in totally
normal cells that was hijacked by the tumour virus Rous Sar-
coma Virus. This result was an authentic revolution and led to
several conclusions that have revolutionised the way we think
about cancer, some of which are detailed below:

e The cellular version of src, known as c-src had to play a
role in the homeostasis of healthy cells.

® An ancestral form of the Rous Sarcoma Virus acquired
the src after infecting a normal cell. In fact, there is ALV (avian
leukosis virus) which is infectious but not tumoral and has the
same genes as Rous Sarcoma Virus, except src.

® The identification of c- and v-src opened the possibility
that in the normal genome there were numerous proto-onco-
genes that could have been co-opted by other tumour retro-
viruses.

® A single oncogene, v-src was sufficiently pleiotropic to
modify the 20-30 characteristics that differentiate a normal
cell from a tumour cell.

The discovery of src initiated a race to identify oncogenes
carried by retroviruses, which led to the characterisation of on-
cogenes involved in the pathogenesis of numerous tumours.
These are two examples:

® The avian myelomatosis virus, which produces transfor-
mation of marrow cells by means of the v-myc oncogene. In
this case the original non-tumour virus was also the AVL.

® The Harvey and Kirsten sarcoma viruses, which led to the
identification of the H-Ras and K-Ras oncogenes.

Currently the list of oncogenes associated with retrovirus-
es exceeds two dozen [14].
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Conclusion

Despite the fact that viruses cause only 10-15% of
cancers, advances in the understanding of this disease

are largely due to research that has been conducted over
the past century on tumour viruses. For example, onco-
genes were discovered through research into the Rous
sarcoma virus.

QUESTION: AT PRESENT, WHAT PROPORTION
OF MALIGNANT TUMOURS IN GENERAL HAVE A
PROVEN OR PROBABLE CAUSALITY IN A VIRAL
INFECTION?

It is accepted that one out of six tumours in the world is
probably associated with an infection. It is important to highlight
that in the series published on this subject, the sources of infor-
mation and the criteria for detecting infectious agents are heter-
ogeneous and this conditions the reliable approach to the subject.

The International Agency for Research on Cancer (IARC) in
Lyon [15] through the Epidemiology and Infections Group has
made significant contributions that underpin some of the cur-
rent knowledge in this area. In a study by Plummer et al [16],
published with data from 2012, it is established that of the 14
million new cases of cancer per year, 2.2 million (15.4%) were
attributed to infections. Excluding one bacterium (Helicobacter
pylori with 770,000 cases), which proved to be predominant, the
next four most important infectious agents worldwide were HPV
(640,000), Hepatitis B Virus (HBV, 420,000), Hepatitis C Virus
(HCV, 170,000) and EBV (120,000). Furthermore, in sub-Saha-
ran Africa, Kaposi's Sarcoma (caused by HHV-8) emerged as the
second largest contributor to the cancer burden. In 2008, there
were 7.5 million deaths from this type of tumour. Two-thirds of
these deaths occur in poor countries. To these can be added the
role of certain retroviruses linked to oncogenic capabilities such
as HTLV-1 and Human Immunodeficiency Viruses (HIV) [17].

It should be noted that the role of the virus as an aetio-
logical agent of tumours is conditioned by its prevalence, by its
detection methods and by the estimation of the attributable
risk in exposed populations. The accuracy of the measurement
of exposure is critical as it ensures that the different methods
for calculating attributable risk provide results that are com-
patible with reality. The experience of the "Global burden of
cancers attributable to liver flukes" group shows that infec-
tions capable of becoming carcinogenic have demonstrated
that biomarkers that are sensitive and capable of distinguish-
ing high-risk from low-risk infections are essential in elucidat-
ing the true strength of their role in cancer [18, 19].

In the light of the contributions made in this regard, it
seems appropriate to refer to an assessment of the cancer bur-
den in France in 2015 attributable to infectious agents [20].
The authors conduct a systematic review of representative se-
ries on the prevalence of infectious agents in the main associ-
ated cancer types. They tracked original studies published up to
September 2016 in PubMed and performed a random-effects

meta-analysis. Cancer incidence data were obtained from the
French Network of Cancer Registries, allowing the calculation
of national incidence estimates in accordance with validated
methods. Of the 352,000 new cancer cases in France in 2015,
14,336 (4.1% of all new cancer cases) were attributable to in-
fectious agents. The largest contribution by infectious agents
was represented by HPV and Helicobacter pylori, responsible
for 6,333 and 4,406 new tumour cases (1.8 and 1.3% of all
new cancer cases) respectively.

An additional aspect that supports the robustness of the con-
tributions is that three main groups of infectious agents and cancer
modalities were used for the estimation of tumours attributable to
the infection. Firstly, cancer sites where infectious agents are as-
sumed to contribute to almost 100% of all cases (cervical cancer
due to high-risk HPV). Secondly, cancer sites attributable to infec-
tion whenever the infectious agent is detected in the tumour tissue
using sensitive and validated detection methods (oral, oropharyn-
geal, anal, laryngeal, vulvar, vaginal and penile cancers due to high-
risk HPV; nasopharyngeal cancers, Hodgkin's and non-Hodgkin's
lymphomas due to EBV and - although it is a bacterial infection
- gastric MALT lymphoma due to H. pylori). Thirdly, cancer cases
where infectious agents increase the risk of developing a tumour,
but are not responsible for all new cancer cases, even when anti-
bodies to the infectious agent are detected in the serum.

The proportion of new cancer cases in France associated
with infectious agents is comparable to that of other high-
income countries [21, 22]. The estimates of this study are
overall slightly higher (4.1%) than those of the specific
analyses for the United Kingdom [21] and Australia [22] in
2010, where gender categorisation showed that 2.5% and
2.4% of all new cancer cases among men were attributable
to infectious agents in both countries, respectively, and
3.5% and 3.7% of all new cancer cases among women were
also attributable to infectious agents. These differences with
previous studies are due, in part, to differences in the risk
of infection between areas, as well as differences in what is
considered the gold standard for measuring the prevalence of
infection in association with specific cancers [23].

There are important global differences, depending on
health and sociocultural conditions, in how these infections
are responsible for tumour genesis. Thus, in Australia and New
Zealand the infectious origin of a cancer is in 3.3% of cases
compared to 32.7% in Sub-Saharan Africa [24]. Improving the
quality and quantity of knowledge seems essential so as to pri-
oritise preventive programmes and reduce the disease burden.

Conclusion

It is estimated that one in six tumours in the world
is probably or demonstrably associated with an infection.
The role of viruses as an aetiological agent of tumours is

conditioned by their prevalence, detection methods and
the estimate of attributable risk in exposed populations.
The most relevant agents are HPV, HBV, HCV, EBV and de-
pending on the zone HHV-8, HTLV-1 and the Human Im-
munodeficiency Viruses.
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QUESTION: WHICH ARE THE TUMOURS WITH
THE MOST CLEARLY DEMONSTRATED VIRAL
AETIOLOGY?

Infections by certain microorganisms (viruses, bacteria,
and parasites) are risk factors for developing certain cancers.
According to the latest update of the IARC monograph on bi-
ological agents associated with cancer, the following micro-
organisms were classified as carcinogenic (group 1) (Table 1).

In 2016, the estimate of the burden of cancers associ-
ated with infectious agents was published [17]. In this esti-
mate, the number of new cases diagnosed in 2012 attributed
to the infections previously described in the table by country
was calculated by combining the incidence rates of the dif-
ferent cancers with estimates of the attributable fractions of
the different infectious agents. The attributable fractions for
each infection are calculated with the infection prevalence in
cancer cases and the relative risk. These attributable fractions
are highly variable depending on the infectious agent and
country. Of 14 million new cancer cases diagnosed in 2012,
according to GLOBOCAN 2012, 2.2 million (15%) were attrib-
utable to infections. This percentage varies greatly by region,
from 5% in the USA, Canada, Australia and some European

countries, to over 50% in some Sub-Saharan African countries.
The most important infectious agents were Helicobacter py-
lori (770,000 cases), HPV (640,000 cases), HBV (420,000 cas-
es), HCV (170,000 cases) and EBV (120,000 cases). For many of
these infections-cancers there are clearly effective preventive
strategies such as vaccines and early detection programmes.
Vaccination and early detection programmes with treatment
should be established to reduce the incidence of these cancers
associated with infections.

Conclusion

Overall, 15% of cancers are associated with an in-
fectious causal agent. The most important viral agents
according to the number of new cancer cases diagnosed
are Human Papilloma Virus, Hepatitis B Virus, Hepatitis C
Virus and Epstein-Barr Virus.

There are major differences in the incidence of these
tumours according to geographical region and socio-eco-
nomic development.

Vaccines and early detection programmes could dra-
matically reduce the incidence of cancer associated with
viruses, such as HPV and hepatitis B and C viruses.

Table 1
Oncology. 2009

Infectious agents associated with cancer. Adapted from Monograph 100. Review IARC; The Lancet

Group 1. Agent

Cancers with sufficient evidence of
association in humans

Cancers with limited evidence of
association in humans

Mechanistics

Epstein-Barr virus (EBV)

Hepatitis B virus (HBV)

Hepatitis C virus (HCV)

Kaposi's Sarcoma associated Herpestvirus

(HHV-8)
Human Immunodeficiency Virus (HIV)

High-risk Human Papillomavirus (HPV)

Human T-cell Lymphotropic Virus (HTLV)

Helicobacter pylori

Clonorchis sinensis
Opisthorchis viverrini

Schistosoma haematobium

Nasopharyngeal cancer, Hodgkin's
lymphoma, Burkitt's lymphoma

Liver cancer

Liver cancer, non-Hodgkin's lymphoma
Kaposi's sarcoma, primary cavity
lymphoma

Kaposi's sarcoma, Hodgkin's lymphoma,
non-Hodgkin's lymphoma, cancer of the
Cervix, anus, conjunctiva

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

Adult T-cell leukaemia and lymphoma

Gastric Carcinoma

Cholangiocarcinoma

Cholangiocarcinoma

Urinary Bladder Cancer

Gastric carcinoma, lymphoepithelioma-
like carcinoma

Non-Hodgkin's lymphoma,
cholangiocarcinoma
Cholangiocarcinoma
Castleman's disease

Cancer of the vulva, vagina, penis, liver,
non-melanoma skin cancer

Cell proliferation, apoptosis inhibition,
genomic instability, cell migration
Inflammation, liver cirrhosis, chronic
hepatitis

Inflammation, liver cirrhosis, liver fibrosis
Cell proliferation, apoptosis inhibition,
genomic instability, cell migration
Immunosuppression (indirect mechanism)

Immortalisation, genomic instability,
inhibition of DNA repair response, anti-
apoptotic activity

Immortalisation and transformation of
T-cells

Inflammation, oxidative stress, altered
cell proliferation and gene expression,
mutation, methylation

Inflammation, oxidative stress, cell
proliferation

Inflammation, oxidative stress, cell
proliferation

Inflammation, oxidative stress, cell
proliferation
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QUESTION: IS IT POSSIBLE TO BROADLY
UNDERSTAND THE PATHOGENESIS OF VIRUS-
MEDIATED ONCOGENESIS? WHAT ARE BRADFORD
HILL'S PRINCIPLES OF CAUSALITY?

As described above, viruses can transform normal cells into
tumour cells by activating oncogenes. In some cases, such as
Rous Sarcoma Virus, the virus itself contains the oncogene. In
others, such as EBV, the virus causes the proliferation of lym-
phoid cells that eventually remodel their genome so that the
expression of the c-Myc oncogene becomes aberrantly high.
HPVs integrate pieces of their genome randomly into cells.
When these pieces include the oncogenes E6 and E7, they
transform the cells, as happens in the vast majority of cervical
and some oropharyngeal tumours [2-4, 7, 14, 25-31].

In 1965, Sir Austin Bradford Hill [1] listed nine principles
that must be demonstrated epidemiologically in order to estab-
lish a causal relationship between an event and the observed
effect. Bradford Hill's principles of causality have been used
frequently in public health research. None of the principles
proves a causal relationship per se; the more principles are ful-
filled, the more the notion of a causal relationship is strength-
ened. Of particular relevance was the application of Bradford
Hill principles in the demonstration of the causal relationship
between tobacco use and cancer.

The following is a list of principles and how they demon-
strate the recently proposed cause-and-effect relationship be-
tween HPV and oropharyngeal tumours [10]:

1. The power of the association. While a small association
does not mean that there is no causal effect, a larger asso-
ciation makes it more plausible. For example, the risk of oral
squamous cell cancer is 2.8 times higher in patients infected
with certain strains of HPV.

2. Consistency. If the findings of different observers in dif-
ferent populations are consistent, the probability of causality
increases. Different independent studies, conducted in entirely
different populations, came to the same conclusion about the
relationship between HPV and oral cancers.

3. Specificity. HPV is associated with oropharyngeal can-
cers, where HPV infections have been identified.

4. Temporality. The effect has to occur after the cause. HPV
infections precede the development of oropharyngeal tumours.
In fact, the longer the infection has lasted, the greater the risk
of cancer.

5. Biological gradient. Greater exposure should generally
lead to greater incidence of the effect. However, in some cases,
the mere presence of the factor can trigger the effect. In the
case of HPV infections the gradation is difficult to establish.

6. Plausibility. A mechanism that explains how the cause
can generate the possible effect is very useful, although it de-
pends on the state of our knowledge. The fact that HPV con-
tains oncogenes, whose action mechanism is very well charac-
terised, increases the possibilities of a causal relationship.

7. Coherence. Coherence between epidemiological and

laboratory findings increases the likelihood of causality. HPV
oncogenes can transform cells in the laboratory.

8. Experimental evidence. It's very much related to the pre-
vious point. There is ample experimental evidence of the ability
of HPV to direct malignant transformation in various experi-
mental models.

9. Analogy. The effect is seen in analogous situations. Cer-
tain oncogenic variants of HPV, such as HPV16, have a clear
causal relationship with oral cancer, while very low tumouri-
genic variants are difficult to find in this type of tumour.

Conclusion

The Bradford Hill principles are a widely used tool for
establishing a causal relationship between an event and a

disease. Some tumour viruses such as the Human Papillo-
ma Virus meet these criteria and are therefore considered
to be the causative agent of cervical and, more recently,
oropharyngeal carcinomas.

QUESTION: HOW COULD THE INVOLVEMENT OF
HPV IN GENITAL TUMOURS BE SUMMED UP IN
FIGURES?

HPV is one of the main causative agents of cancer as it
is implicated in 4.5% (640,000 cases) of all new cancer cases
worldwide each year (8.6% women; 0.9% men). It is estimated
that in 2012 it caused more than half of all cancers attrib-
utable to infections in women (570,000 cases) [32]. The vast
majority of HPV-related neoplasms develop in the anogenital
tract (primarily cancer of the cervix and less frequently cancer
of the vagina, vulva, and anus).

Cervical cancer is the fourth most common cancer among
women and the fourth leading cause of cancer death worldwide
(the second in women aged 15-44). In 2012 the number of new
cases was estimated at 528,000 and the number of deaths at
266,000 [33]. More than 84% of the cases are diagnosed in de-
veloping countries. The age-standardised incidence rate is 14.0
cases and the mortality rate is 6.8 deaths per 100,000 women/
year, with large variations between geographical regions and
countries, especially depending on the extent of screening.

All other anogenital cancers that affect both women and
men have a lower incidence. Worldwide, 115,000 cases are diag-
nosed, of which 68,500 are attributable to HPV. In men, 30,000
cases are diagnosed (17,000 in the anus and 13,000 in the penis)
and in women 38,500 cases (18,000 in the anus, 8500 in the
vulva and 12,000 in the vagina) [32]. In both the penis and the
vulva there is a clear distinction between basaloid or "warty" tu-
mours clearly causally related to HPV and keratinizing tumours
that are seen at older ages and are not related to HPV. Moreover,
in these locations it is also more difficult to establish in which
cases HPV is the attributable factor. In this sense, most studies
accept in addition to the detection of DNA-HPV in the tumour,
other transforming activity markers such as the presence of E6
or E7 mRNA or p16. Based on these data, it is estimated that the

Rev Esp Quimioter 2021;34(6): 525-555 530



E. Bouza, et al.

Overview of virus and cancer relationships. Position paper

cases attributable to HPV are approximately 88% of anal cancer,
519% of penile cancer, 78% of vaginal cancer, and between 15%
and 48% of vulvar cancer [17].

Data on the burden of HPV-related neoplastic disease in
32 countries in Europe have recently been published for 2015.
The estimated number of new cases per year for cervical can-
cer is 34,939 cases, for 31 countries as a whole (assuming that
HPV is causative for practically 100% of cases). In vulvar can-
cer, there are an estimated 9,776 cases (1,554 if we take into
account a fraction attributable to HPV of 15.8%). For vaginal
cancer, there are an estimated 2,224 cases (1,562 if we have
the 70.2% fraction attributable to HPV). In anal cancer, 4,663
cases (2,801 with a fraction attributable to HPV of 87.1%). Fi-
nally, for penile cancer, 4,231 cases (1,227 cases with a frac-
tion attributable to HPV of 20.9%) [34].

Although anogenital premalignant lesions are much more
frequent than cancer, their lack of recording makes it very diffi-
cult to estimate their prevalence. A recent analysis provides data
on Europe for 2015. It is estimated that between 263,227 and
503,010 cases of grade 2+ cervical intraepithelial neoplasia (CIN)
are diagnosed annually; 1,549 cases in women and 1,097 cases
in men of grade 2/3 anal intraepithelial neoplasia (AIN), between
13.997 and 27,773 cases of grade 2 and 3 vulvar intraepithelial
neoplasia (VIN), and between 2,596 and 4,751 cases of grade 2
and 3 vaginal intraepithelial neoplasia (VaIN.)

High quality cancer incidence data are essential. Such in-
formation is currently only available to a small fraction of the
world's population. The absence of this information may lead
to a misinterpretation of the actual disease burden, as well as
to a possible delay or neglect in the implementation of preven-
tive measures or an impossibility to evaluate such measures.

Conclusion

The neoplastic and pre-neoplastic disease burden re-
lated to HPV is very high, affecting women in particular.

In Europe, although most countries have cervical
cancer screening programmes, HPV-related neoplasms
account for more than 53,000 cases annually and pre-
cancerous lesions for approximately 680,000 - 844,000
cases.

HPV-related cancers, despite the availability of mul-
tiple preventive strategies, remain a major cause of mor-
bidity and mortality in many parts of the world, particu-
larly in less developed countries. A very high fraction of
these neoplasms are preventable by screening and detec-
tion of precursor lesions and with the currently available
vaccines.

QUESTION: WHAT WOULD BE THE IMPACT OF
HPV AS A CAUSAL AGENT OF EXTRAGENITAL
TUMOURS?

Beyond anogenital locations, HPV is associated with head
and neck cancer The term "head and neck cancer” has been

widely adopted in recent literature to include lesions at several
anatomical sites: the lip, oral cavity, nose and sinuses, naso-
pharynx, oropharynx, hypopharynx, and larynx[35]. HPV is pre-
dominantly associated with oropharyngeal cancer and within
that with tonsil cancer.

The classic risk factors for head and neck cancer are to-
bacco and alcohol use, but recent decades have seen an in-
crease in the proportion of HPV-associated oropharyngeal
cancer cases. This increase may be due to changes in sexual
behaviour as well as a decrease in the prevalence of smoking.

Annually, 24,000 new cases of HPV-associated oropharyn-
geal cancer are diagnosed in men and 5,500 in women [32].
Globally, the proportion of HPV-associated cases in oropharyn-
geal cancer is 30% (and of the tonsil about 50%) with a large
difference depending on countries-regions, being more than
80% in countries such as the USA or Northern Europe, and
less than 10% in countries in Africa or other regions [16, 19].
HPV 16 is the most prevalent type found in more than 80%
of HPV-positive tumours. It should be noted that HPV-related
oropharyngeal cancers differ from unrelated cancers in both
epidemiological and clinical and molecular characteristics.
Patients with positive HPV16 tumours appear to have better
overall and disease-specific survival compared to the negative
group. Laryngeal squamous cell papilloma and recurrent res-
piratory papillomatosis are well established HPV-induced tu-
mours, primarily 6 and 11.

Conclusion
HPV causes a high proportion of head and neck can-

cers, particularly those of the oropharynx and within the
oropharynx especially those of the tonsil.

QUESTION: IS IT POSSIBLE TO MEASURE THE
IMPACT OF THE HEPATITIS B AND C VIRUSES ON
THE INCIDENCE OF LIVER TUMOURS?

Within the natural history of chronic hepatitis of viral or-
igin, the chronic hepatitis-cirrhosis-cancer sequence has been
well known for decades. This incontrovertible data allows us to
pose different questions of great relevance, such as whether it
is possible to know the epidemiological impact of this associ-
ation.

The question is not simple; unlike the unidirectional and
almost linear relationship between other types of viral infec-
tion and the development of cancer, the oncogenic capacity
of hepatotropic viruses is modulated by different factors, as
listed below.

i) Cirrhosis is an oncogenic element “per se”

A differential and characteristic data of hepatocellu-
lar carcinoma is that in more than 85 % of cases it occurs in
a liver affected by cirrhosis. Strikingly, it is common to find
hepatocellular carcinoma in patients with cirrhosis of non-vi-
ral cause (such as alcoholism and particularly metabolic fatty
liver disease). This fact, besides having a marked influence on
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Table 2
factors

Incidence of hepatocellular carcinoma in different geographical areas and risk

Geographical region Adjusted incidence /100,000 inhabitants Risk factors

Male Female HCV (%) HBV (%) Alcohol (%)  Others (%)
Europe 6.7 23 60-70 10-15 20 10
Southern Europe 10.5 33
Northern Europe 4.1 1.8
North America 6.8 23 50-60 20 20 10 (NASH)
Asia and Africa 21.6 8.2 20 70 10 10 (Aflatox)
China 23 9.6
Japan 20.5 78 70 10-20 10 10
Africa 1.6 53
Worldwide 16 6 31 54 15 ?

the treatment strategy, indicates that the mechanisms associ-
ated with the development of cirrhosis (inflammation, angio-
genesis, fibrogenesis, etc.) generate a micro-environment with
its own oncogenic potential independent of the viral infection
itself.

ii) Each virus has its own oncogenic potential

Regardless of the relatively similar natural history of
chronic hepatitis associated with virus B and virus C, both vi-
ruses are very different in terms of their own character (DNA
or RNA virus), their replicative cycle (with or without integra-
tion into the host cell genome) and the different degrees of
production of necrosis, oxidative stress, expression of viral pro-
teins etc. Furthermore, the relationship between the intensity
of viral replication and the risk of cancer is clearly different;
while it is clear in virus B, it does not exist in the case of vi-
rus C [36, 37]. Finally, the possibility of liver cancer in patients
without cirrhosis is markedly more frequent in patients with
hepatitis B, especially in Asia.

iii) There are significant geographical differences

The contribution of the different risk factors linked to the
development of hepatocellular carcinoma has clear geograph-
ical differences that are related to the most frequent cause(s)
of cirrhosis in each area. Thus, the incidence of hepatocellular
carcinoma in Europe is mostly associated with patients with
cirrhosis due to virus C, while in Asia this association is with
virus B (Table 2).

iv) Chronic viral infection is associated with other
risk conditions

It is well known that the progression of chronic liver dis-
ease is affected by different factors that are often present in
patients with viral origin chronic liver disease, such as alcohol
consumption, the presence of metabolic syndrome, or tobacco
use. It should be noted that they are all well-known co-factors
involved in the development of cancer. Therefore, the precise
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contribution of each of the factors involved (viral and non-vi-
ral) in the development of liver neoplasms is difficult to define
[38].

In any case, there is no doubt that both by direct and in-
direct mechanisms (through the presence of cirrhosis, as men-
tioned above) the association between hepatotropic viruses
and liver cancer is of unquestionable relevance, being possibly
responsible for more than 60% of primary liver tumours.

Conclusion
Hepatitis B and C viruses have an undisputed onco-

genic power, but their relative role is difficult to ascertain
when other independent oncogenic elements such as cir-
rhosis, fatty liver, alcohol or tobacco are factored in.

QUESTION: WHAT HAVE HTLV-I AND HIV MEANT
AS DIRECT OR INDIRECT CANCER-CAUSING
AGENTS?

HTLV-1 and HIV are two viruses first described in the
1980s and directly or indirectly involved in human oncogene-
sis. Both share the same transmission routes (breast milk, sex-
ual relations, blood products), the integration of their genome
into the T cell and a long latency period, more pronounced in
the HTLV-1, between infection and disease development.

Human T lymphotropic virus type 1 (HTLV-1)

HTLV-1 infects 10-20 million people worldwide and its
main geographical distribution is Japan, the Caribbean, South
America and sub-Saharian Africa. Only 5% of infected people
develop disease and the 2 conditions that it causes are adult
T-cell leukaemia-lymphoma (ATL) and HTLV-1-associated my-
elopathy or tropical spastic paraparesis [39].

People with HTLV-1 positive serology have a 2-5% risk of
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Table 3 Shimoyama Classification [41, 42]
Subtype Affectation Leukaemia cells Hypercalcaemia LDH Survival
Acute leukaemia (60%) Lymphadenopathy Yes Yes Elevated 6 months
Extranodal
Visceromegalies
Lymphoma (20%) Lymphadenopathy No (< 1%) Yes Elevated 10 months
Extranodal
Visceromegalies
Chronicle (15%) Skin, liver, spleen, lung, Occasionally No <25 24 months
lymphadenopathy
Indolent (5%) Skin, lung Occasionally (>5%) No <15 Years
I a s N
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Figure 1

Effects of ART on the immunity that condition the appearance of

neoplasms in HIV+ patients under treatment.

developing ATL over their lifetime. The risk is greater in males
and typically appears 4-5 decades after infection in subjects
who acquire it in childhood, with rare occurrence in those who
become infected in adulthood [40].

The HTLV-1 genome is composed of a single strand of RNA
that is integrated into the cell. It then expresses 2 oncogen-
ic proteins: the transcriptional transactivator protein (Tax) and
the HBZ protein. Both proteins, Tax and HBZ, are specifically and
directly involved in oncogenesis with Tax being the initiator of
tumour genesis and HBZ being in charge of maintenance [40].

ATL is characterised by a clonal proliferation of CD4+ T
cells with the HTLV-1 integrated. These cells, morphologically,
have a dentate nucleus with dense chromatin and basophilic
(flower-like) cytoplasm. There are 4 clinical forms, the charac-
teristics if which are summarised in Table 3. Treatment is not
very effective in any of the stages and, although in aggressive
cases there is an initial response with chemotherapy, early re-
lapses with fatal outcomes occur in short periods of time. The
combination of AZT with interferon has been used in some pa-
tients with variable results.

Human Immunodeficiency Virus (HIV)

The origin of tumour diseases in patients with HIV infec-
tion is multifactorial, the most important factors being HIV
itself, immunosuppression, co-infection with oncogenic vi-
ruses and increased survival due to the use of antiretroviral
treatment (ART) (Figure 1). HIV is a necessary but not sufficient
condition, as it is not strictly considered an oncogenic virus.
However, fragments of its genome have been found in some
patients with NHL, and the tat gene appears to be involved in
the growth of Kaposi's sarcoma cells. For all these reasons, it is
considered an essential agent, but not the only one for the de-
velopment of the tumours that appear in these patients [43].

Immunosuppression and uncontrolled HIV viremia in-
crease the risk of developing neoplasms, such that an un-
detectable viral load and CD4+ lymphocytes >500 per mm?
are factors that protect against the development of some
tumours, which explains why a decrease in the number of
AIDS-defining malignancies (ADM) has been observed with
the use of ART. On the other hand, paradoxically, there is an
increase in non-AIDS-defining malignancies (NADM) due,
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Table 4 Differences and similarities between HTLV-1 and HIV
HTLV-1 HIV
Classification Retrovirus Retrovirus
Target cell CD4+ lymphocytes CD4+ lymphocytes
Mechanism of action T-cell proliferation and transformation T-cell death
Genome integration Yes Yes
Routes of infection Sexual Sexual
Breastfeeding Breastfeeding
Transfusion Transfusion
Latency Yes Yes
Oncogenesis Direct Indirect
Associated Neoplasm Adult T-cell leukaemia-lymphoma Relationship with ADM and NADM
Neoplasms
————
[ 1
ADM NADM
— s
= ) [ 1
aposi's
- sach):onlw Associated with Not associated
viruses with viruses
(Herpes 8)
e
[ I
Non-Hodgkin's Hodgkin's .
—  Lymphoma — Lymphoma Calr_cLingma I?Lcjlrggﬂtrzl
(EBV) (EBV)
Carcinoma of Anal canal
= Thecenh” L caronona i
(HPV) (HPV)
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Figure 2 Classification of the tumours that appear in HIV+ patients.

in part, to the increased survival of patients as a result of  ultraviolet light), a greater possibility of superinfection by
the use of ART, which prolongs life without completely re- oncogenic viruses and an increase in the possibilities of ge-
storing immune function (Figure 2). All of this conditions  netic mutations appearing in patients with a family history
a greater exposure to environmental carcinogens (tobacco,  of cancer, giving rise to the appearance of neoplasms that
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in other times did not develop due to the early mortality of
the patients (Figure 1) [43, 44].

Another important point is that the presence of HIV caus-
es a persistent stimulation of B lymphocytes, which alters an-
ti-tumour immunity, facilitates the expression of oncogenic
genes and allows superinfection by viruses with oncogenic ca-
pacity, such as EBV, HVH-8, HBV, HCV or HPV. All ADM are as-
sociated with viral diseases, as well as the most frequent ones
within NADM except for pulmonary carcinoma directly related
to smoking (Figure 2) [44]

Table 4 shows the differences and similarities between
HTLV-1 and HIV.

Conclusion

Both viruses, HTLV-l and HIV share the transmission
routes, infect CD4+ T-lymphocytes and are involved in

human oncogenesis. The HTLV-l in a direct way, origi-
nating the T cell Leukaemia-Lymphoma and HIV, favour-
ing the appearance of Tumours, both AIDS defining and
non-defining.

QUESTION: WHAT PROPORTION OF HIV
PATIENTS WHO DIE DO SO BECAUSE OF AN HIV-
ASSOCIATED NEOPLASM?

Since the introduction of ART in 1996, mortality among
people living with HIV (PLHIV) has decreased significantly
(Figure 3) so that in 2016, 498 people died while in the initial
years of the epidemic the numbers were much higher, reach-
ing 5857 deaths in 1995. However, immune reconstitution is

generally not complete, so patients are exposed to the effects
of chronic inflammation and persistent immune activation.
Both processes favour the appearance of the so-called non-
AIDS diseases, whose importance has progressively increased
in recent years and which are one of the main causes of mor-
bidity and mortality among PLHIV. This broad group of diseas-
es includes most comorbidities, which in some cases become
more important than the HIV infection itself. Among other
processes, cardiovascular pathology, renal disease, osteoporo-
sis and bone fractures, neurocognitive impairment and tumour
pathology stand out.

Malignant neoplasms are a major cause of hospitalisation
and death in PLHIV as a result of ART use and a decrease in
opportunistic infections. Today, cancer can be diagnosed in
25-4009% of patients, and while in the pre-ART era only 10% of
deaths were of tumour origin, now up to 30% are. In our envi-
ronment, according to data from the CORIS cohort, neoplasms
were the most frequent cause of death by non-AIDS diseases
between 2004 and 2015. In this same study it is important to
note that 38.2% of the tumours diagnosed were AIDS-defining
malignancies (ADM) and 61.8% were non-AlDS-defining ma-
lignancies (NADM) (Table 5) [45].

At the EACS Congress, the results obtained from the re-
view of neoplasms diagnosed from 1986 to 2018 in a Span-
ish centre were communicated [46]. 643 out of 5,411 patients
(120%) suffered at least one neoplasm. NADM increased over
time with a decrease in the ADM/NADM ratio (Figure 4). 101
patients (15.9%) died due to tumour progression, with higher
mortality among NADM 25.3% vs. ADM 10.6% (p<0.001). The
highest mortality was seen in tumours of the pancreas (90%),
lung (68%) and colon (69%).
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Figure 3 ‘ Evolution of mortality in people living with HIV in Spain from 1991 to

2016 (data taken from the National Institute of Statistics)
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Changes over time of the ADM/NADM ratio
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Figure 4 ‘ Changes observed over time in the AIDS-defining malignancies (ADM) /
non-AlDS-defining malignancies (NADM) ratio

Table 5 Mortality of tumour origin in different series of people living with HIV
Author Study Years Results
Gotti et al [49] Analysis of survival 1998-2012 866 tumours were diagnosed in 13,388 patients:

- 435 ADM (51%)

- 431 NADM (49%)

40% deaths due to tumour at the end of the analysis
Trepka et al [50] Mortality 2000-2014 Monitoring of 89,171 PLHIV
Died due to cancer

- 419 females (8.2%)

- 1,062 males (9.1%)
Cevallos et al [51] Mortality 2007-2014 1,999 patients died (11.7%)

- 336 due to NADM (16.8%)

- 115 due to ADM (5.8%)
Croxford et al [52] Mortality 2016 There were 206 deaths among 38,700 patients

NADM resulted in 40 deaths (19.4%)

Another Spanish group [47] analysed the mortality in 157
PLHIV and found that 56 deaths were directly related to AIDS
and 13 of them (23.2%) were due to a ADM. In the same series
another 86 deaths occurred due to non-AIDS related process-
es and 14 (16.4%) were as a result of a NADM. Therefore, the
overall mortality due to a neoplasm in this series was 179%.
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In other series outside our scope, the results are simi-
lar. Thus, Engels et al [48] found that approximately 10% of
deaths in PLHIV receiving ART during the period 1995 to 2009
were due to a neoplasm with a progressive increase over time.
A large proportion of the deaths were due to non-Hodgkin's
lymphomas, lung cancer and hepatocellular carcinoma. As in
our environment, it is observed that deaths due to NADM are
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increasing in importance while there is a decrease in the num-
ber of deaths due to AIDS itself.

All these studies show a decrease in mortality from
AlIDS-indicating diseases and a predominance of deaths from
non-AIDS diseases in recent years, with neoplasms being one
of the most frequent causes in all the series, even though the
patients are on ART and virologically suppressed.

In Table 1 we see reflected the importance of death of tu-
mour origin in PLHIV in other series different from those de-
scribed in the text

Conclusion

Non-AIDS defining malignancies are one of the most
frequent causes of death in HIV-infected patients de-

spite the fact that the sick receive effective antiretroviral
treatment.

QUESTION: WHAT IS THE INVOLVEMENT OF
HERPESVIRUS IN THE CAUSALITY OF CANCER?

The human herpes virus (HHV) group includes herpes
simplex virus (HSV) 1 and 2, varicella zoster virus (VZV), cyto-
megalovirus (CMV), Epstein Barr Virus (EBV), HHV-6, 7 and 8. In
general, they are characterised by producing primary infection
at an early age and subsequently establishing latency in differ-
ent tissues, from which they are able to reactivate, producing
clinical manifestations again. In Table 6 we have summarised
their most frequent clinical manifestations, including the tu-
mour processes with which they have been associated.

Involvement in tumour processes is well established for
EBV and HHV-8, and we will devote most of our review to
them [53-55]. The rest of the herpes viruses are not consid-
ered to directly cause any type of cancer, although their role
as co-factors is discussed. For example, there is some evidence
to suggest that HSV-2 may increase the risk of cervical cancer
after HPV infection and that it may play a role in the tumour
genesis of serous ovarian carcinoma and in some prostate tu-
mours [56]. Associations between HHV6 and different tumours
have also been sought, but these have not yet been confirmed.

We will focus on the involvement of EBV in the develop-
ment of tumour processes. EBV is the primary agent of infectious
mononucleosis. It establishes latency asymptomatically in virtually
all adults, in B cells, T cells, epithelial cells and myocytes and usually
does not cause a cytopathic effect. However, it shows a clear ability
to transform cells and is associated with the development of B-cell
lymphomas, T-cell lymphomas, Hodgkin's lymphomas and naso-
pharyngeal and other head and neck carcinomas [57]. In transplant
recipients, it produces a Post-transplant lymphoproliferative disease
(PTLD) that can be very aggressive [58].

e Burkitt's lymphoma (BL), is the most common childhood
malignancy in equatorial Africa (8-10 cases/105 annually) [57]
and characteristically affects the jaw. The relationship between
BL and EBV is practically 100% in endemic cases, 10-80% in
sporadic cases and 30-40% in HIV-related cases. The cells usu-

ally express EBNA and CD20. It is considered that malaria may
also be a co-factor in the production of this tumour, although
the mechanism is not clear (immunosuppression of specific T
cells, increased EBV viral load, or favouring reactivation of the
virus in B lymphocytes, among other theories).

e Nasopharyngeal carcinoma is a rare tumour in most parts
of the world, except in southern China, where it is one of the
most common cancers [59]. Unlike Burkitt's lymphoma, EBV is
present in all anaplastic nasopharyngeal carcinoma cells, in both
high- and low-incidence areas [60]. However, other co-factors
are necessary (exposure to environmental carcinogens in food,
genetic alterations, etc.), since the seroprevalence of EBV infec-
tion is much higher than the incidence of the tumour. Naso-
pharyngeal carcinoma cells express dormant proteins of EBV, in-
cluding EBNA-1 and two membrane proteins, LMP-1 and LMP-2,
along with the BamHI-A fragment of the EBV genome.

e HIV+ patients have a lymphoma incidence 60-100 times
higher than expected and 70% of them are associated to EBV
infection, usually of monoclonal origin. The profound immuno-
suppression of these patients facilitates the failure of EBV con-
trol by decreasing specific cytotoxic lymphocytes. Non-Hodg-
kin's lymphomas in HIV+ patients often affect the CNS. In
B-cell lymphomas, EBV-coded proteins promote cell immor-
talisation and proliferation by stimulating the NF-kB pathway
and increasing the expression of anti-apoptotic genes. In HIV+
children, EBV infection has been linked to the development of
smooth muscle tumours (leiomyoma and leiomyosarcoma).
The non-Hodgkin's lymphoma most frequently associated with
EBV is diffuse large cell.

e Asearly as the 1980s it was shown that the EBV genome is
found in more than 50% of Hodgkin's lymphomas, including
Reed-Sternberg cells [61]. It is also demonstrated in patients
with HL-induced hemophagocytic syndrome. The proportion of
HL with EBV is even higher in children under 10. The two most
frequent markers in HL are EBER-1 and the latent membrane
protein (LMP) [53].

e [BVinfection is also associated with T-cell lymphomas,
including fulminant forms of T-cell lymphoma after acute EBV
infection. In the context of mature T/NK lymphomas, with the
possible exception of extranodal NK/T cell lymphoma, the role
played by EBV infection is even more complex than in B lym-
phomas and exceeds the intention of this review. It has been
proposed that the type of infected cell, the EBV viral load in
plasma, and the degree of viral lymphatic replication have
prognostic value in T/NK cell lymphomas.

® Another lymphoma associated with EBV infection is na-
sal angiocentric lymphoma, which is endemic in Asia, Central
and South America. This tumour affects the nasal septum, pal-
ate, gastrointestinal tract and, less frequently, the skin, testicles
and peripheral nerves. EBV is detected in virtually all neoplastic
cells that are probably derived from NK cells [62].

e PTLDisassociated in most cases with EBV. The term includes a
continuum of abnormalities ranging from benign polyclonal B-cell
proliferation to malignant B-cell ymphoma. In these disorders the
virus directly induces the transformation of naive or mature mem-
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Table 6 Taxonomy of Human Herpes Viruses and the diseases
they cause
Subfamily Species Related diseases (in bold for tumour diseases)
Alfa-herpesvirinae Herpes Simplex Herpes labialis
HSV-Type 1 Herpetic stomatitis, encephalitis
HSV-Type 2 Genital herpes, encephalitis

Varicella-Zoster

Beta-herpesvirinae Cytomegalovirus
Herpesvirus 6

Herpesvirus 7

Gamma-herpesvirinae  Epstein Barr

Herpesvirus 8

Chickenpox
Herpes Zoster

Pneumonia, hepatitis, viral syndrome, etc.
Exanthema subitum

Infectious mononucleosis, Burkitt's lymphoma,
nasopharyngeal carcinoma, Hodgkin's
lymphoma, PTLD, diffuse large-cell B-cell
lymphoma, angioimmunoblastic T-cell
lymphoma, NK nasal T-cell lymphoma,
plasmablastic lymphoma,...

Kaposi's sarcoma
Castleman's disease
Cavity Lymphoma

ory cells. The frequency of PTLD is related to post-transplant im-
munosuppression and is more frequent in EBV-negative recipients
who develop primary infection, and therefore in transplanted chil-
dren. Recovery of T-immunity or administration of specific T-cells
(adoptive immunity) will bring the disease back.

e QOther entities related to this virus are hemophagocyt-
ic lymphohistiocytosis, lymphomatoid granulomatosis or
X-linked lymphoproliferative disease.

The treatment of all these tumours does not include the
administration of antivirals since the cells are not in the lytic
cycle, which is necessary for Acyclovir to be effective. The use-
fulness of cell therapy with specific cytotoxic T-lymphocytes
against EBV and Rituximab is being studied.

Conclusion

Among herpes viruses the association with the de-
velopment of neoplasms is well established for EBV and
HHV-8. EBV is capable of promoting tumour transfor-
mation in multiple cells and is associated, among oth-

ers, with B-cell lymphomas, including Hodgkin's and

non-Hodgkin's lymphomas, T-cell lymphomas, naso-
pharyngeal carcinomas, other head and neck carcinomas,
and post-transplantation lymphoproliferative disease.

QUESTION: WHAT IS THE RELATIONSHIP
BETWEEN KAPOSI'S SARCOMA AND HERPES
VIRUS?

Kaposi's sarcoma (KS) is an angioproliferative tumour

and one of the clearest examples of a tumour that requires
infection by a virus and that is also modulated by the patient's
immune status. The pathogenesis of the tumour requires in-
fection with human herpesvirus 8 (HHV-8), also called Kaposi's
sarcoma associated herpesvirus (KSHV)[63]. It is named after
Moritz Kaposi, a Hungarian dermatologist who first described
the entity in 1872.

Before briefly describing some of the characteristics of the
KS, it should be noted that the HHV8 also causes two other
tumours: cavity lymphoma or primary effusion lymphoma
(PEL) and Castleman's disease. Cavity lymphoma is a B-cell
non-Hodgkin's lymphoma that has a preference for the peri-
toneal, pleural, and pericardial spaces. Castleman's disease is
also a very rare lymphoproliferative disorder that causes fever,
splenomegaly, hepatomegaly, and lymphadenopathy, and can
affect both HIV-negative and HIV-positive patients.

KS is characterised by vessel proliferation (angiogenesis),
accompanied by inflammation and proliferation of spindle
cells. HHV-8 infects the cells and the gene products of the
virus influence both the regulation of the cell cycle and the
control of apoptosis. The infection induces a disordered prolif-
eration of cells that mostly do not express a lytic cycle, but a
latent infection. In addition, the function of the tumour sup-
pressor genes is interrupted and recognition by the host im-
mune system is prevented, thus promoting tumour growth. By
performing a PCR in the biopsy, it is possible to amplify viral
DNA sequences and also to identify, using immunohistochem-
istry, latent viral antigen in spindle cells (membrane proteins).

Four types of KS are recognised depending on the type
of patients affected: 1) Classic or sporadic KS, which corre-
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sponds to the form originally described by Kaposi and which is
extraordinarily rare (0.03% per year among HIV-positive males
over 50 in the Mediterranean area). It usually occurs in males
over 50-60 years of age and mainly affects people from the
Mediterranean area (Sardinia, Sicily, etc.) or with Jewish ances-
try; 2) Endemic KS prevalent in sub-Saharan Africa before the
AIDS epidemic. It affects children and adults and it is believed
that continuous exposure to certain types of soil facilitates the
appearance of the disease; 3) iatrogenic KS, associated with
the use of immunosuppressants and described mainly in sol-
id organ transplant recipients; 4) finally, AIDS-associated KS
(epidemic KS) [64]. With better control of the AIDS epidemic,
incidence in the US has dropped from rates that reached 47
cases per year per million people. Since then, Kaposi's sarcoma
has become less common, producing about 6 cases per million
people each year. The different epidemiological and clinical as-
pects of these four types are summarised in Table 7.

Infection with the HHV8 virus is a necessary condition for
the development of KS, but not sufficient, since other cofactors
are required for its appearance, such as genetic predisposition
(sporadic form), and above all immunosuppression, either iat-
rogenic (organ transplant) or due to HIV infection. Thus, the
prevalence of seropositivity in the population is much higher
than that of Kaposi's sarcoma.

The most common clinical presentation of KS, especially
in the early stages of the tumour, is skin and mucosal lesions.
It is characterised by the appearance of raised violet lesions
that mainly affect the lower extremities, the face (especially
the nose), the oral mucosa and the genitals. They may be ac-
companied by significant oedema, reflecting vascular obstruc-
tion by lymphadenopathy or the action of cytokines involved
in the pathogenesis of the tumour. Oral lesions appear in one-
third of patients and mainly affect the gums and palate and
may interfere with nutrition and speech. It is important to

remember that KS can also have extracutaneous manifes-
tations, mainly in advanced stages, affecting mainly the gas-
trointestinal and respiratory tracts. The gastrointestinal system
is now less frequently affected. Its diagnosis is difficult in the
absence of concomitant skin lesions. Clinical manifestations of
gastrointestinal KS include weight loss, abdominal pain, nau-
sea and vomiting, gastrointestinal bleeding, malabsorption,
intestinal obstruction, and diarrhoea. As for lung disease, it
can appear with highly variable radiological findings, including
nodules, single or multiple, interstitial or alveolar infiltrates,
pleural effusion, adenopathy or solitary nodules. The diagnosis
is based on the characteristic appearance of the lesions in en-
doscopy or bronchoscopy and is confirmed by biopsy.

The incidence of KS in solid organ transplant recipients
is 0-5-1% and represents approximately 6% of post-transplant
tumours, excluding skin cancer. This incidence is much high-
er than that of the general population and is justified by the
chronic immunosuppression required by transplant patients.
Although KS is mostly described in HIV-positive patients, pri-
mary infection after transplantation has been shown to be the
most important risk factor in our environment [65]. This pri-
mary infection can be acquired through the transplanted or-
gan, or through the administration of blood products or other
routes. About half of the KS diagnosed in transplant recipients
respond only by reducing immunosuppression, or by switching
to Sirolimus (Rapamycin) which has anti-tumour and anti-an-
giogenic effects [66].

In the patient with HIV infection, KS has been described
in all risk groups, although with a higher incidence among ho-
mosexual or bisexual men, in relation to a higher seropositivity
rate among these patients (close to 40%) [67]. KS rates in some
studies reached 18%-50% 10 years after the diagnosis of HIV
infection, if the CD4 figure was <200 cells/mm? [68]. However,
although the rate of HHV-8 infection has not changed, early

Table 7

Classification of the different Kaposi's Sarcoma

Type Risk groups

Cutaneous involvement

Profound involvement (visceral) Evolution

CLASSIC (Sporadic) Male/Female 3:1

Age>60

Mediterranean, Central or Eastern
European or Middle Eastern origin
Adult males; children of both sexes.
Equatorial Africa

Distal lower limbs

ENDEMIC (Africa) Similar to classic

(sometimes more

aggressive, with adult

lymphoedema)
IATROGENIC Exogenous IS, SOT Distal lower limbs or
Immunosuppression Age >50 scattered
Cyclosporin A
AIDS-related MSM in developed countries Localised or scattered

Heterosexual men and women in
Africa

Rarely Normally indolent

Rare rapidly progressive

Children: deep ganglia and
organs
Adults: more rare

Indolent or locally invasive in adults
Aggressive in children

Common May disappear on modification of IS.

May be aggressive
Common if poorly controlled HIV. Aggressive or indolent.
May disappear with HIV control

MSM: men who have sex with men; IS: immunosuppression; SOT: solid organ transplant

Rev Esp Quimioter 2021;34(6): 525-555 539



E. Bouza, et al.

Overview of virus and cancer relationships. Position paper

and effective antiretroviral treatment has significantly reduced
the frequency of this tumour. The standardised incidence rate
(SIR) for Kaposi's sarcoma compared to the general population
was 22,100, and declined to 3,640 with widespread use of an-
tiretroviral treatment [69].

Some HIV+ patients with Kaposi's sarcoma present with a
systemic inflammatory syndrome due to cytokine release
(KICS) that is characterised by fever, gastrointestinal, respira-
tory and neurological manifestations and is associated with an
elevated KSHV tumour load.

Treatment of KS depends on the extent of the tumour
and its location and symptoms. As with solid organ transplant
recipients, HIV-positive patients may respond to immune re-
covery from the initiation of highly active antiretroviral thera-
py (HAART), although others may also require local or systemic
chemotherapy. It has also been observed that KS is less fre-
quent in patients who have received Ganciclovir or Foscarnet,
demonstrating the relative sensitivity of the virus to these an-
tivirals. The relative survival over five years is over 75%.

Conclusion

Kaposi's Sarcoma is a tumour that requires prior in-
fection with Human Herpes Virus type 8 as a necessary,
but not sufficient, cause. Tumour development requires

associated factors that may be genetic or due to immu-
nosuppression. It exists in four clinical versions: Classic,
Endemic, latrogenic or HIV-associated Kaposi's Sarcoma.

QUESTION: DO MICROORGANISMS OTHER THAN
VIRUSES HAVE AN ONCOGENIC ROLE?

Viruses are certainly the most oncogenic infectious agents.
However, there are other non-viral microorganisms that are
clearly related. A bacterium: Helicobacter pylori; and three par-
asites (the so-called "Oriental liver flukes"): Schistosoma hae-
matobium, Clonorchis sinensis and Opisthorchis viverrini" are
classified in Group | of carcinogens by the International Agency
for Research on Cancer

Cancer-related bacteria

-Helicobacter pylori is a helical bacillus that lives exclusive-
ly in the human gastric epithelium. H. pylori infection can cause
inflammation of the gastric mucosa that can progress, leading
to gastritis, peptic ulcers and mucous-associated lymphoid tissue
lymphoma (MALT). Because of its spiral shape, it can literally "screw
itself in" to colonize the stomach epithelium, in addition to hav-
ing the urease that allows it to neutralise its acidic environment.
The bacteria generates free radicals, injects a cytotoxin known as
CagA that alters the structure of the cells lining the stomach and
generates locally high levels of molecules signalling inflammation
such as TNF-alpha or interleukin 6 that could induce mutation of
the epithelial cells of the stomach. Tropheryma whipplei, another
bacteria in the digestive tract that causes Whipple's disease, may
be associated in a similar way with neoplasms.

Salmonella typhi has been linked with hepatobiliary and
gall bladder tumours and -Chlamydia pneumoniae and Myco-
bacterium tuberculosis have been linked with lung cancer.

Chronic Bacterial Osteomyelitis and hidradenitis suppura-
tiva are associated with squamous cell carcinoma of the skin
also [70-74].

Cancer-related parasites

Millions of people in the world, especially those living in
the tropics, suffer from some form of parasitic disease. The
oncogenic role of certain parasites has been known for many
decades. Three parasites, trematode helminths, cause urinary or
hepatobiliary tumours [75, 76]:

-Schistosoma haematobium is very prevalent in sub-Sa-
haran Africa and is a major cause of urinary bladder carcinoma.
The disease is acquired after skin contact with fresh water in-
fected with larvae. Adults invade the urinary venous plexuses
and the eggs are expelled with the urine after passing through
the bladder wall, causing haematuria, fibrosis and calcifica-
tions. Granulomas form on the wall of the bladder and evolve
into nodules or masses that ulcerate, degenerating into both
benign and malignant tumours. In addition, bladder lesions
may increase the exposure of the epithelium to carcinogen-
ic substances. Schistosoma japonicum may be oncogenic and
produce colorectal cancer [77].

-Clonorchis sinensis is very prevalent in South East Asia
(China, Thailand, Korea, Vietnam, Laos and Cambodia) and
Opisthorchis viverrini (also found in Russia), to a lesser extent,
causes cholangiocarcinoma [78, 79]. The disease is acquired by
eating raw freshwater fish. Adults invade the bile ducts and
occasionally the gallbladder and pancreatic duct, where they
cause cholangitis and cholecystitis and can lead to cirrho-
sis. In massive and chronic infections, inflammation, scaling,
metaplasia and ductal fibrosis can degenerate into cholangio-
carcinoma and liver carcinoma, especially in patients exposed
to carcinogenic agents such as nitrosamines. Opisthorchis feli-
neus could perhaps be equally oncogenic.

- Other parasites may have a putative or indirect oncogen-
ic role. The association between Plasmodium falciparum and
the Epstein-Barr virus is not entirely clear in the oncogenesis
of Burkitt's lymphoma in Africa. Toxoplasma gondii has been
detected in some patients with intraocular lymphoma. Stron-
gyloides stercoralis may be associated with gastric lymphoma
and adenocarcinoma of the colon.

-A new form of neoplasm associated with a parasite,
namely Hymenolepis nana, has been reported in 2015 in an
immunosuppressed patient: the transformation of the parasite
into a tumour that subsequently spreads [80]. It is the first and
only known case of a person suffering from cancer originating
from a parasite (the cancer cells were not human but parasitic).

But, how can a parasite cause cancer? Adult helminths
are constantly moving, burrowing and laying eggs that secrete
toxic proteins; the host tries to get rid of them, which induc-
es chronic inflammation that can eventually degenerate into
metaplasia.
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However, some parasites may be protective in tumour
genesis, inducing apoptosis phenomena and inhibiting signals
of inflammatory regulation and angiogenesis. Certain proteins
excreted by Fasciola hepatica, Echinococcus granulosus, Trich-
inella spiralis, Toxoplasma gondii, and Trypanosoma cruzi are
capable of inhibiting tumour cell growth in vitro, and may be
used as anti-cancer therapy in the future.

Conclusion:

A bacterium: Helicobacter pylori; and three para-
sites: Schistosoma haematobium, Clonorchis sinensis and
Opisthorchis viverrini, are classified in Group | of carcino-
gens by the International Agency for Research on Cancer.
Helicobacter pylori is clearly associated with gastric can-
cer and mucosa-associated lymphoid tissue lymphoma
(MALT).

Some parasites such as Schistosoma haematobium,
Clonorchis sinensis and Opisthorchis viverrini are classi-
fied by the WHO as group 1 oncogenic agents (those of
proven aetiology). Other parasites have a less defined role
such as Plasmodium falciparum.

A new and exceptional human tumour disease has
been described after the transformation of Hymenolepis
nana into a tumour.

QUESTION: COULD THE CONCEPTS OF ONCOGEN
AND ONCOPROTEINS BE SUMMARISED? AND THE
CONCEPT OF GENOMIC INSTABILITY?

Studies on chicken sarcoma in the first decade of the 20th
century suggested that the origin of the tumours was viral.
For example, pioneering studies by Peyton Rous showed how
filtering pulverized chicken sarcoma through a sieve that did
not allow cells to pass, only viruses, then injecting the extract,
transmitted the sarcoma to the recipient chicken. Throughout
almost two thirds of the century this viral theory of the origin
of cancer was the main driving force behind cancer research
and, in fact, a good number of viruses capable of triggering tu-
mour processes were found. As oncologist Ludwik Gross said in
1970, “The viral origin of most malignant tumours has already
been documented beyond any reasonable doubt. It would be
quite difficult to assume a fundamentally different aetiology
for human tumours'[81]. However, some observations did not
fit with this model. For example, trying to explain the high in-
cidence of tumours among miners, the Japanese pathologist
Katsaburo Yamagiwa [82] observed that repeated exposure of
the skin to charcoal induced sarcomas in rabbits. This suggest-
ed that the carbon must have some chemical agent that in-
duced a change in the animal's skin cells, and made them grow
out of control, but how?

The answer finally came in the 1980s with the discovery
of oncogenes. The concept of oncogenes derives from the
presence of genes that are mutated in tumour cells, and which
are responsible for transforming them into malignant ones.

These genes perform normal functions in the cell such as stim-
ulating growth, increasing survival, or defining identity. How-
ever, the presence of certain mutations in them means that,
once translated into protein, they have an altered capacity ca-
pable of transforming a normal cell into a malignant one. The
genes that, once mutated, give rise to oncogenes are called
proto-oncogenes, and the proteins that are generated from
these are called oncoproteins. The discovery of the first on-
cogene was published in 1982 by 3 independent laboratories,
those directed by the doctors Robert Weinberg, Michael Wigler
and the Spaniard Mariano Barbacid, [83] who managed to se-
quence transforming oncogenes isolated from bladder cancer
cells [84].

The first oncogene discovered was RAS, which we know
today is a family of genes whose function is to regulate cell
growth in response to growth factors. Many others were lat-
er discovered, notable cases such as MYC or cyclin E (CCNE)
which, as in the case of SAR, control cell growth. We now
know that many of the oncogenes are related to genes that
control cell growth in such a way that oncogenic mutations
promote the uncontrolled proliferation characteristic of tu-
mours. While for several decades it was thought that most
oncogenes were related to cell proliferation or their increased
survival, tumour genome sequencing studies revealed, not
without surprise, that in fact the class of genes most repre-
sented among oncogenes are those related to chromatin and
epigenetics. Although in many cases we still do not fully un-
derstand how these alterations in epigenetic-related genes can
trigger tumour processes, the most accepted idea is that these
mutations change the identity of cells and generate undiffer-
entiated states. This undifferentiated cell, which has lost its
identity, is the one that subsequently -and thanks also to other
mutations that promote its growth- gives rise to tumours. As
expected, oncogenic mutations are often targets of tumour
treatments, and the development of drugs that target all types
of oncogenes, including those epigenetic-related genes, is cur-
rently a very active field within drug development and new
anti-tumour therapies.

In addition to the presence of oncogenes, another char-
acteristic present in practically all tumour cells is genomic
instability. First described by Teodor Boveri at the beginning
of the 20th century [85], genomic instability is defined as the
presence of genomes with multiple chromosomal aberrations
in tumour cells such as: the gain or loss of entire chromo-
somes, chromosomal translocations, or the loss or duplication
of regions of one or more chromosomes. Genomic instability
is caused by failures in DNA replication [86] or in the distribu-
tion of chromosomes during mitosis, processes that are often
involved in tumour cells. Furthermore, it has recently been dis-
covered that oncogenes are also a source of genomic instabil-
ity, as they promote abnormal replication that leads to DNA
damage. Fortunately, all cells have mechanisms that suppress
genomic instability and normal cells keep their genome sta-
ble. The fact that genomic instability is a distinctive feature of
tumour cells has opened the door to anti-tumour strategies
based on selectively killing cells with genomic instability. One
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known example is the poly(ADP)-ribose polymerase (PARP)
inhibitors that have been shown to be effective in killing tu-
mour cells with deficiencies in DNA repair in breast, ovarian
and prostate tumours [87]. Another alternative that is now be-
ing clinically studied, and in which the laboratory of one of
us played an important role, is that of ATR kinase inhibitors,
which are mainly responsible for the type of genomic instabili-
ty initiated by oncogenes [88].

Conclusion

Both the presence of oncogenes and genomic insta-
bility are features of tumour cells that distinguish them

from normal cells, and thus they are being exploited for
the development of therapies capable of selectively kill-
ing cancer cells.

QUESTION: WHAT PROPORTION OF CANCER
DEATHS CAUSED BY VIRUSES COULD BE
PREVENTED BY EXISTING VACCINES?

Cancer mortality series offer an uneven picture be-
tween regions of the world, due to the multiplicity of fac-
tors involved in their genesis. A global approach estimates
that about 1.5 million cancer deaths could be avoided an-
nually if the underlying infections that led to the develop-
ment of the tumour were prevented or treated [17,22,89].

A pioneering contribution in this area is that of Cath-
erine de Martel et al [89] who published their analysis of
the incidence of 27 types of cancer in 184 countries in
Lancet Oncology in 2012, describing the fact that two
thirds of these deaths occur in less developed countries.
These authors carried out an analysis to estimate the pro-
portion of cancers globally that could be attributed to in-
fections and have calculated, by categorising the planet
into eight regions, the population that could be affected
by new tumours and which could have been prevented by
a specific intervention against exposure. They point out
that of the 12.7 million new cancers worldwide in 2008,
about 2 million were attributable to infections, and of
these, 1.6 million (80%) were in developing countries. Of
the 7.5 million deaths that occurred in 2008 attributable
to an oncological process, an estimated 1.5 million were
due to potentially preventable and treatable infections.
An upwardly weighted estimate of 172 deaths worldwide
could be prevented every hour from tumours caused by
infectious agents potentially preventable by immunisa-
tion.

There are significant contrasts between different ar-
eas of the planet in how these infections are responsible
for oncogenesis. Thus, in Australia and New Zealand the
infectious origin of a cancer is identified in 3.3% of cas-
es compared to 32.7% in Sub-Saharan Africa. In women,
cervical cancer accounted for approximately half of the
cancer burden related to infection; in men, liver and gas-
tric cancers accounted for more than 80%. About 30%

of cases attributable to infections occur in people under
50. In a smaller scope, a Spanish group has been able to
describe, in a series of 190,203 cervical smears collected
between 2012 and 2014, in women screened for Human
Papillomavirus (HPV) in Castilla y Ledn, that its prevalence
in foreign women was 23.519%, significantly higher than
in Spanish women (9.6%; p <0,001) and that the presence
of morphological changes in the foreign women was also
higher [90].

The application of preventive public health methods
which already exist, such as vaccines (or anti-infective
treatments in another conceptual framework), could have
a significant effect on the global burden of cancer in the
future. In the specific field of viral agents, it is worth not-
ing that we already have vaccines with proven effectiveness
against HPV and Hepatitis B Virus (HBV) [91,92]. "Increasing
vaccine coverage should be a priority for health systems in
high-burden countries," as G Danaei [93] states in an edito-
rial accompanying the aforementioned study [89].

A significant proportion of cancer cases attributable
to infections can be prevented through improvements in
vaccination and screening programmes. Expansion of vac-
cination (for HBV and HPV), screening and treatment pro-
grammes (e.g., for Hepatitis C Virus -HCV-) could greatly
reduce mortality due to them.

An additional aspect of vaccination programmes is to
describe their acceptance by the population, to carry out
economic assessment studies that verify their suitability
and availability from the perspective of the social funder,
and to establish their accessibility.

In developed countries, in the context of patients
co-infected with the Human Immunodeficiency Virus
(HIV), very suggestive lines of work have been established
by De Martel and Plummer's own group [94]. These au-
thors indicate that, although HPV and hepatotropic virus-
es such as HBV and HCV do not represent a differentiat-
ed weight in this category of patients in the USA, they
do constitute the Human Herpesrvirus-8 (HHV-8) at the
expense of its aetiological involvement in Kaposi's Sar-
coma and Epstein-Barr Virus (EBV) due to its causal rela-
tionship with lymphoid pathology. There is no doubt that
the research applied to vaccines that can be extended to
the Herpesviridae family will represent a decisive impulse
towards minimising their impact on patients co-infected
with HIV.

Conclusion

Cancer mortality series offer an uneven picture be-
tween regions of the world, due to the multiplicity of fac-
tors involved in their genesis. From a global perspective,

at a low estimate, around one and a half million deaths
from cancer (of which two thirds occur in underdevel-
oped countries) could be avoided each year if the un-
derlying infections that led to tumour development were
prevented or treated.
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QUESTION: WHAT IMPACT IN NUMBERS HAS
HPV VACCINATION HAD ON REDUCING FEMALE
GENITAL CANCER?

Vaccines against human papillomavirus (HPV) induce an
elevated production of antibodies capable of neutralising the
virus and preventing infection of the anogenital tract and,
therefore, the possible development of precancerous lesions
and cancer. Given the natural history of infection, which re-
quires years or decades from initiation to development of can-
cer, protection against persistent infection and pre-malignant
lesions is considered a surrogate marker of protection against
cancer.

More than 10 years after the commercialisation of HPV
vaccines, many studies provide data on their effectiveness (ef-
fectiveness in the general population and in real life) [95-99].
The fact that there is a reduction in the prevalence of vaccine
genotypes or a reduction in the rate of pre-malignant lesions
in the vaccinated population is certainly indicative of protec-
tion against cancer.

A recent systematic review and meta-analysis assesses
the population-level impact of vaccine effectiveness in the
real-world setting. Since 2007, a total of 99 countries and
territories have initiated vaccination programmes. In 2016,
WHO expanded the recommendation in favour of promoting
the vaccination of multiple cohorts of girls over single-cohort
vaccination. The analysis of 1,702 potential articles allowed
the final inclusion of 65 articles carried out in 14 high-income
countries (23 articles to assess HPV infection, 29 for anogenital
warts and 13 for CIN2+ lesions). This meta-analysis of over 60
million individuals and 8 years of post-vaccination follow-up
provides compelling evidence of the substantial impact of vac-
cination programmes on reducing HPV infection, and the diag-
nosis of anogenital warts and CIN2+ lesions [100].

Specifically, the prevalence of HPV 16 and 18 decreased
significantly by 83% (RR 0-17, 95% Cl 0-11-0-25) among girls
aged 13-19, and 66% (RR 0-34, 95% CI 0-23-0-49) among
women aged 20-24. Also, the prevalence of HPV 31, 33 and 45
decreased significantly by 54% (RR 0-46, 95% Cl 0-33-0-66)
among girls aged 13-19 years. Five to nine years after vaccina-
tion, diagnosis of CIN2+ lesions decreased significantly by 51%
(RR 0-49, 95% Cl 0:42-0-58) among girls aged 15-19 years
and by 31% (RR 0-69, 95% Cl 0-57-0-84) among women aged
20-24 years.

This meta-analysis demonstrates a stronger and faster di-
rect impact, as well as a herd effect, in countries with high
coverage and which included multiple vaccine cohorts. There-
fore, these real-world data confirm that both the cause (high-
risk HPV infection) and the immediate pre-cancer condition
(CIN2+) are decreasing significantly among vaccinated pop-
ulations and therefore the vaccine is effective in preventing
cervical and other HPV-related cancers [100].

Another recent study in the US. assessed the type of HPV
present in cytology samples from women aged 20-29 years
assessed at Kaiser Permanente Northwest in 2007 and in two

periods of the vaccine era: 2012-2013 and 2015-2016. The
prevalence of vaccine HPV types went from 13.1% in 2007 to
2.9% in 2015-2016. After 9-10 years from the introduction of
the vaccine, the prevalence of HPV vaccine types decreased by
78% among 20-24 years old and by 38% among 25-29 years
old. This decrease was observed in both vaccinated and un-
vaccinated women, which is evidence of both direct and herd
protection [101].

In the same vein, data from Scotland from nine cohorts of
women aged 20 years have been published to evaluate the ef-
fectiveness of the bivalent vaccine in preventing precancerous
lesions. The analysis confirms an 89% reduction in prevalent
CIN3+; an 88% reduction in CIN2+; and a 79% reduction in
CIN1 in vaccinated women born in 1995 and 1996 compared
to unvaccinated women born in 1988. Unvaccinated women
also showed a lower prevalence of CIN3+ lesions, support-
ing a herd protection effect. Because of this effect, a reduc-
tion in HPV 16/18 infections would not only impact women
themselves but also the overall network of sexual relationships
between men and women. The fact that the vaccination pro-
gramme reduced all types of CIN3+ lesions, and not only those
related to types 16 and 18 included in the bivalent vaccine, in-
dicates strong cross-protection against other common onco-
genic types such as HPV 31/33/45, in accordance with previous
clinical trials [102].

Finally, data from registries showing a decrease in cervical
cancer are still at a very early stage. Specifically, in Finland,
monitoring of cancer registries in vaccinated women in clinical
trials and their comparison with unvaccinated cohorts (period
2002/2007-2015) confirms that not a single case was diag-
nosed in the vaccinated cohort versus 10 cases of HPV-related
cancer in the unvaccinated cohort (8 cases of cervical cancer,
one vulvar cancer and one oropharyngeal cancer). However,
in this analysis the vaccinated and unvaccinated cohorts were
not comparable, which limits the interpretation of the data
[97].

Another study of the annual incidence of invasive cervical
cancer in the United States compares the four years prior to
the introduction of the vaccine (2003-2006) with the vaccine
era (2011-2014). There was a significant 29% reduction in av-
erage annual incidence rates during the study period (6.0 ver-
sus 8.4 per 1,000,000 people, rate ratio = 0.71, 95% Cl: 0.64-
0.80) among women aged 15 to 24 years, and 13.0% lower
among women 25 to 34 years. During these years, vaccine
coverage increased to 55.3% in the younger cohorts. Although
incidence rates had already declined prior to the introduction
of the vaccine, these strongly declining data suggest that it
may be partly attributable to the introduction of the HPV vac-
cine [98]

In relation to the impact on non-genital tumours, in the
case of both anal and oropharyngeal cancer, more than 80%
of HPV-associated cases are caused by HPV16, and more than
90% by at least one of the types 16/18/31/33/45/52/58/6/11.
The currently available vaccines would have a very high reduc-
tion impact on these two types of cancer.
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Conclusion

Studies show that with high vaccine coverage (vacci-
nation of more than half of the female population), the
burden of HPV infection and related precancerous lesions

can be significantly reduced.

The cross-protection against other types not included
in the vaccine and the herd effect significantly expand
the effect of the vaccines and confer protection to unvac-
cinated people.

QUESTION: IN AN IDEAL WORLD IN WHICH
HEPATITIS C IS ERADICATED, COULD WE
ESTIMATE THE DECREASE IN MORTALITY
ATTRIBUTABLE TO LIVER TUMOURS? WHAT
WOULD BE THE IMPACT ON TUMOUR MORTALITY
IN A WORLD WHERE HEPATITIS B VACCINATION
WAS UNIVERSAL?

The question posed is an interesting “epidemiology-fic-
tion" exercise of great future importance and of enormous po-
tential value in terms of public health.

The theoretical substrate of the question is essentially
based on the fact that there is no reservoir other than human
beings for viruses B and C, which encourages the logical hope
that their elimination (by the implantation of universal vacci-
nation or by means of antiviral treatment applied to all pos-
sible patients) would be capable of clearly attenuating, even
until its disappearance, liver diseases associated with chronic
viral infection, including primary liver cancer. This attractive
concept would be particularly true in an ideal scenario of no
new patients with hepatitis B due to vaccination, although the
risk of cancer would persist in those patients already infected,
in whom screening would still be essential

However, there are several elements that mitigate the un-
doubted potential impact on the incidence of hepatocellular
carcinoma.

i) In patients with advanced hepatitis C, viral sup-
pression does not negate the risk of liver disease pro-
gression

Different studies have clearly shown that the sustained viral
response in patients treated with direct antivirals has a marked
effect on the progression of liver disease in patients in the early
stages of infection and that it reduces the risk of complications
in patients with more advanced disease. However, in patients
with significant portal hypertension (over 10 mmHg), i.e. those
with more advanced disease and at risk of developing com-
plications of cirrhosis, antiviral treatment fails to lower portal
pressure below the risk threshold in a significant proportion of
patients, the higher it is, the greater the degree of deteriora-
tion. Therefore, the risk of developing hepatocellular carcinoma
(clearly influenced by the presence of cirrhosis with severe por-
tal hypertension) is not eliminated despite the elimination of the
virus in patients with advanced disease.

Therefore, as long as there are patients treated in whom
there is basically advanced fibrosis, the risk of developing
hepatocellular carcinoma is not zero. There are no data, how-
ever, to quantify the safe threshold of fibrosis below which
screening would not be necessary

ii) Is antiviral treatment of hepatitis C capable of
triggering hepatocellular carcinoma?

This is a very controversial issue arising from the observa-
tion in a Spanish multicentre study of an increased frequen-
cy of hepatocellular carcinoma recurrence and in its severity
in patients with hepatocellular carcinoma treated with radi-
cal intent and who immediately afterwards received antiviral
treatment for hepatitis C. The researchers speculated about the
possible impact of the abrupt suppression of the chronic im-
mune response associated with the cure of the C virus infec-
tion with a loss of "anti-tumour surveillance” mediated by im-
mune system cells. Information for and against this hypothesis
has emerged since this study. In general, it can be considered
that anti-viral treatment does not per se increase the risk of
developing hepatocellular carcinoma in patients with cirrho-
sis with no known tumour. However, delaying the attempt to
eradicate the virus in patients recently treated for hepatocel-
lular carcinoma is recommended [103-106].

iii) There are other causes of cirrhosis and hepatocel-
lular carcinoma

As discussed in previous questions, the presence of cir-
rhosis per se, regardless of its cause, is a pro-oncogenic factor.
This is extremely important in patients who are carriers of fatty
metabolic liver disease, which is a real epidemic in the Western
world. Strikingly, this disease, whose pathogenic complexity and
systemic inflammatory substrate are widely known, has its own
pro-oncogenic mechanisms. From the epidemiological point of
view, it is important to note that patients with hepatocellular
carcinoma associated with fatty metabolic liver disease are more
frequently observed than in other non-cirrhotic liver aetiologies,
are diagnosed in more advanced stages, and are therefore less
likely to receive treatment with curative intent. The future im-
pact in terms of increased incidence of hepatocellular carcino-
ma associated with this disease is not known with certainty, but
if the forecasts of increased prevalence worldwide are true, a
dramatic increase can be expected in the medium term. In fact,
recent studies [107] clearly reinforce this trend.

Ultimately, the impact of a universal elimination of hepa-
totropic viruses on the development of liver cancer would be
of great importance, although it would not completely elimi-
nate this dreaded disease

Conclusion

In patients with hepatitis C, treated and cured med-
ically, the risk of hepatocellular carcinoma does not dis-
appear and therefore surveillance must be continued.

The hypothetical disappearance of chronic hepatitis B
and C virus infections would have an enormous impact on
the decrease in liver tumours, which we are unable to put
a figure on at present.
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QUESTION: IS THERE A PROSPECT FOR AN
EPSTEIN-BARR VIRUS VACCINATION?

The relationship between viruses and cancer is clearly un-
derestimated and little known, both at the professional level
and at the population level, despite such strong data as the
fact that the second carcinogen demonstrated worldwide at
present is a virus (HPV) [108-115].

Successful and widespread vaccines have been achieved
against HBV and HPV, but a widespread vaccine against EBV
remains elusive. EBV, as already mentioned, is an oncogen-
ic virus as proven by its association with Burkitt's lymphoma
and its ability to transform B cells in vitro [116], through the
expression of Epstein-Barr nuclear antigens (EBNA) and latent
membrane protein (LMP). EBV-infected cells are also capable
of withstanding the cellular lysis of acute infection and this
also contributes to neoplastic development.

The lifelong persistence of EBV in humans is a complex
multi-step process that begins with infection of the orophar-
ynx, and culminates in the maintenance of EBV in circulating
memory B cells. EBV probably uses the normal B-cell differ-
entiation pathway to achieve persistence because it is able to
implement various latency and lytic transcription programmes,
assuming different antigenic states within infected individuals.
However, despite the wide variety of antigens that predom-
inate throughout the EBV life cycle, EBV candidate vaccines
have traditionally focused on only a limited number of EBV
antigens [117].

Both therapeutic and prophylactic vaccines have been ex-
plored.

Therapeutic vaccines aim to enhance and maintain the
immune response in patients with EBV-associated disorders
and have been studied mainly in nasopharyngeal carcinoma
using dendritic cells with specific CD8 epitopes against LMP2
and using the MVA (Modified Vaccinia Ankara) platform in-
cluding LMP2 and EBNA 1 antigens [118-120]. The data sug-
gests that tumour growth can be controlled by the immune
system [121,122]. These studies have led to trials with different
therapeutic vaccines that have been well tolerated and the re-
sults of phase | and Il trials are encouraging but suggest that
they are not in themselves the solution for nasopharyngeal
carcinoma (the main carcinoma on which these types of vac-
cines have been tested) as they have an effect on only a low
proportion of patients and on a temporary basis [123-126].

The largest number of studies have focused on prophylac-
tic vaccines.

In 1995, a first test was performed with the recombinant
attenuated virus itself and did not induce antibodies in sero-
positive adults. The experts, faced with these results, decided
that vaccination was not an appropriate approach to control
this virus

Over the past two decades, trials have been based on
glycoprotein 350, which led to a phase Il trial with a sample
size of 181 people. With a three-dose protocol, antibodies re-

mained for 18 months and the incidence of infectious mono-
nucleosis was reduced by 78% but the vaccine did not reduce
the risk of acquiring EBV infection [117].

Work has also been done with a vaccine based on glyco-
protein 350 for its pre-kidney transplant application in chil-
dren that was not very immunogenic [127,128].

Similar data were obtained to the Phase Il trial with a
vaccine using the toxoid conjugated EBNA3 nuclear antigen
designed to elicit specific T-cell responses to EBV, but it also
failed to prevent EBV infection. It should be noted that this
vaccine is very simple to perform due to the simplicity of the
antigen [129].

Antigen-antibody conjugates, or antigen-armed antibod-
ies (AgAbs), which specifically deliver antigenic peptides to an-
tigenic cells [130], have also been used as vaccine candidates
without conclusive results.

EBV antigens have also been introduced in virus-like par-
ticles [107, 108] and in self-assembling nanoparticles. These
platforms allow monomeric antigens to be similar to EBV, but
as they lack DNA they are not infectious. Chimeric viruses are
also achieved by the fusion of EBV antigens with the structural
proteins of Newcastle disease virus. In these structures, for ex-
ample, gp350 induces a greater response to vaccination [116,
131-137].

All these studies leave us a long way from achieving an ef-
fective vaccine against EBV and its primary diseases and, more
importantly, against its ability to induce tumour processes.

Conclusion

Despite promising results, neither therapeutically
oriented vaccines for nasopharyngeal carcinoma nor pre-

ventive vaccines to avoid primary infection by EBV have
yet demonstrated sufficient levels of protection to be
considered close to market entry.

QUESTION: WHAT ARE ONCOLYTIC VIRUSES?
WHAT ARE THE PROSPECTS FOR TREATMENT
WITH THEM?

An oncolytic virus is a virus that preferentially infects and
kills cancer cells. As the infected cancer cells are destroyed, the
oncolysis releases new viral particles that help destroy the re-
maining tumour.

The potential of viruses as anti-cancer agents was first
discovered in the early 20th century, although coordinated re-
search efforts did not begin until the 1960s. Several viruses,
including adenovirus, reovirus, measles virus, HVS, Newcastle
disease virus, and others, have been clinically tested as onco-
lytic agents.

Most current oncolytic viruses are designed to be selective
against tumour cells, although there are naturally occurring
examples, such as Reovirus and Senecavirus, that have been
used in clinical trials.
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The acquisition of virus selectivity by the tumour cell
can be obtained by modifying the proteins of the viral cap-
sid, giving it a high selectivity by the tumour cells. It can
also be achieved by modifying the virus genome so that
replication only takes place inside the tumour cell. This is
achieved either by modifying the transcription in the target
cell, or by attenuation, which involves introducing deletions
in the viral genome to favour its entry into the tumour cells
and eliminate its ability to penetrate healthy cells. It is also
possible to introduce genes into oncolytic viruses that en-
code the synthesis of endostatin and angiostatin, natural
proteins that inhibit angiogenesis, with the consequent ne-
crosis of the tumour.

Oncolytic viruses not only cause direct destruction of tu-
mour cells, but also stimulate the host's anti-tumour immune
system responses. Most are genetically modified to increase
tumour tropism and reduce virulence for non-neoplastic host
cells [138]. Thus, they can stimulate a pro-inflammatory en-
vironment by improving antigen release/recognition and sub-
sequent immune activation to counteract immune evasion
by malignant cells. In fact, oncological tic viruses also aim to
take advantage of the tumour's tolerance mechanisms, which
can facilitate viral infection and the death of cells that are not
protected by the immune system. This allows for a theoretical
domino effect involving chained viral transfer between the ne-
oplastic cells and increased immune activation.

There are currently numerous viral species in different
stages of research for immuno-oncological use. Possibly the
best studied so far are herpes viruses, of which some strains
have been found to have a tropism for natural tumour cells
while others have been designed to improve selectivity [139-
143]. Initial scans using herpes have shown promising results
in murine glioblastoma. Additional efficacy has been seen in
prostate cancer, using a recombinant smallpox-vaccine virus
capable of regulating prostate-specific antigen and the ex-
pression of three co-stimulating factors involved in the pres-
ence of the antigen and activation of T cells [144, 145]. In ad-
dition, several strains of recombinant vaccine virus have shown
promise as antineoplastic agents. One strain has anti-tumour
angiogenesis, another has shown efficacy against hepatocel-
lular carcinoma in animal models and the third improves the
recognition of tumour cells [146-149). Other viruses have been
or are being explored as possible vehicles of immunomodula-
tion in cancer, such as Newcastle disease virus, coxsackievirus,
reovirus, and even the measles virus [150-153].

Among those approved for treatment by the FDA is Talimo-
gene laherparepvec (OncoVEX GM-CSF), also known as T-vec,
from Amgen which successfully completed phase Il trials for
advanced melanoma in March 2013. In October 2015, the U.S.
Food and Drug Administration approved T-vec, under the brand
name Imlygic®, for the treatment of melanoma in patients with
inoperable tumours, becoming the first approved oncolytic
agent in the Western world. It is based on the Herpes simplex vi-
rus (HSV-1). It has also been tested in a Phase | trial for pancre-
atic cancer and in a Phase lll trial in head and neck cancer along
with chemotherapy and radiotherapy with cisplatin.

Oncolytic viruses are generally associated therapeutical-
ly with other therapeutic strategies such as association with
checkpoint inhibitors, Ipilimumab, Pembrolizumab, Atezoli-
zumab, anti-tumour lymphocytes (CAR-T) or associations of
oncolytic viruses with tumour epitopes: vaccines.

Clinical trials with oncolytic viruses in entities as differ-
ent as colorectal cancer, glioblastoma, tumours with wide-
spread metastases, pancreatic cancer, bladder cancer, ovarian
cancer or primary tumours of the peritoneum are underway
and represent a hope for the therapeutic future of these ma-
lignancies.

Conclusion

Oncolytic viruses are natural viruses, or artificiall
engineered in the laboratory, with selective tropism for|
tumour cells. They belong to different viral groups, acting

selectively with different action mechanisms. Some have|
been approved for clinical use in humans and are alread
being used in some tumours, usually in association with
chemotherapy or monoclonal antibodies.

QUESTION: WHAT IS THE COST TO HEALTH
CARE SYSTEMS OF TUMOURS DUE TO VIRUSES
THAT COULD HAVE BEEN AVOIDED? WHAT
ROLE SHOULD HEALTH AUTHORITIES PLAY IN
APPROACHING THIS ISSUE?

In addition to the human cost of cancer, the financial cost
is considerable. Direct costs include treatment expenses as well
as the cost of care and rehabilitation. Indirect costs include
the loss of economic output due to work lost and premature
death. There are also costs that are difficult to quantify such as
non-medical costs. The exact global cost of cancer is unknown
but is expected to increase due to the increase in the number
of new cancer cases, as well as the rising cost of cancer thera-
pies [17,154,155]

The health authorities must act on this issue, fundamen-
tally modifying the prevention of risk factors and implement-
ing preventive strategies.

The risk factors for the most immediate intervention are
the decrease in genital HPV infections where, among other
means, it is possible to intervene with vaccines and vaccination
and the treatment of hepatitis virus infections [156,157].

Conclusion

The expenditure associated with cancers caused by
infectious agents and particularly by viruses is difficult to
quantify, but is high and clearly increasing.

The health authorities can intervene by means of
prevention and vaccination campaigns, preferably with
vaccination against HPV and Hepatitis B and through the
treatment of Hepatitis C.
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QUESTION: IS THE PRESS AWARE OF THIS ISSUE?
WHAT ROLE SHOULD IT PLAY?

Over the last ten years, the press and media have reduced
the resources, spaces and personnel dedicated to generating,
producing and writing health and medical content as a result
of the economic crisis that affected them both through the
closure of companies and newspaper titles, as well as through
financial adjustments and staff cuts.

Training and specialisation levels have also been reduced
in the health, sanitation and science sections for the same rea-
sons.

Despite the variability of the economic crisis, the media
have not recovered lost ground and continue to be immersed
in situations of weakness and economic-financial fragility.

The impact of new technologies -no longer so new- and
the possibilities they have offered for opening up the publica-
tion of content to society, as well as the appearance of new
communication channels, have posed a risk for the media
and threat of loss or dissolution of their preponderant role as
the central and principal reference of information for society,
having to compete with platforms such as the internet -in its
broadest facet of distribution of all kinds of products-, social
networks and so-called citizen journalism.

Despite these circumstances, the press and media have
placed cancer and everything related to this disease at the
forefront of relevance and interest with respect to health and
healthcare issues and content, giving it a media prominence
above other diseases, with a broad and compact informative
approach that considers angles and approaches ranging from
health policy, the variety of tumours, the role of patients, re-
search and scientific advances, the work of medical-scientif-
ic societies and the oncology sector, the activity of health or
pharmaceutical centres and companies, the commemoration
of World Days, etc.

“Journalism loves cancer” would be the quick and easy
headline.

Having thus explained and exposed the prominence of
cancer in the press and media with a broad, diversified and
comprehensive scope, it must also be said that viruses, infec-
tions, their prognosis, their effects and their medical and social
impact as a public health issue are also a subject of strong me-
dia coverage, such as flu, AIDS and hepatitis.

However - and here we have the paradox of two related
worlds that are disconnected both in the media and in soci-
ety -, despite the many studies and evidence that link and
concatenate the viruses with cancer, the information, dis-
semination, knowledge and content provided by the media
in their health and cancer information to society hardly con-
nect these two aspects, unlike others such as cancer-smok-
ing, or cancer-ageing.

The role of vaccines, at a time when the anti-vaccine
movements are rearming and advancing, first on social net-
works and then in society, is also decisive in this issue, and

while the big question in the popular imagination continues to
be whether a cancer vaccine will ever be discovered, medicine
has some that serve to curb certain tumours.

Thus, the press and the media neither transmit nor have
great knowledge about the binomial subject of study of this
Symposium; they do not dedicate special time, space, resourc-
es or contents (informative or educational) to this specific an-
gle of the many news stories they publish about cancer.

We suggest, therefore, some measures from the media to
report on cancer and viruses

- Include in the news coverage on cancer - which is wide-
spread and frequent - information related to its relation-
ship with viruses, either as emergent or underlying infor-
mation. It is an aspect that matters to society and so the
media should not ignore it.

- Investigate and activate content on the virus [ cancer bi-
nomial from the editorial planning boards, with reliable
and specialised sources.

- To broaden the sense of disclosure on medicine, diseases,
prevention and research, beyond the information resulting
from announcements, reports or campaigns; and to em-
phasise this treatment of the contents.

- Combat health and cancer myths and 'fake news' with
rigorous, clear and accurate verification practices to stop
confusion, poor news and information gaps.

- The press and media are undoubtedly committed to the
fight against cancer and include news coverage in their
agendas and work strategies, but the relationship between
oncological diseases and viruses must have greater inci-
dence, reach, development and presence.

Conclusion

Despite frequent and relevant information in the me-
dia about cancer on the one hand and viral infections on

the other, information about the association between vi-
ruses and cancer in the media rarely connects these two
aspects, unlike others such as cancer-smoking or can-
cer-ageing.

QUESTION: HOW IS THE VIRUS CANCER
RELATIONSHIP EXPERIENCED, FROM THE
PERSPECTIVE OF THE SPANISH PATIENTS WITH
CANCER GROUP, GEPAC?

The Virus and Cancer association is little known by the
population and information from cancer patient associations
is also partial and deficient in this respect. Therefore, a great
deal of educational and informative work remains to be done
in this area. This absence often forces one to turn to “"Doctor
Google" for information, which can lead to misinformation,
since one does not know which sites are reliable, or does not
have sufficient knowledge to fully understand and interpret
the data that appear.
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Probably what resonates most with patients, families and
society at large are associations such as HPV, HBV or HIV and
cancer. According to the U.S. National Cancer Institute, "Cer-
tain infectious germs, including viruses, bacteria and parasites,
can cause cancer or increase the risk of tumour formation.
Also, some infections weaken the immune system, making
the body less able to fight other infections that cause cancer.
Some viruses, bacteria and parasites also cause chronic inflam-
mation that can lead to cancer [158-160].

With no knowledge of these basic facts, it should not be
surprising that the social demand and requirement by patients
and associations for adequate vaccines, when they exist, is also
not of an appropriate intensity. It is often ignored that protec-
tion with a condom is not always sufficient for the prevention
of all types of sexually transmitted viruses, in addition to lim-
iting sexual partners.

GEPAC wants to highlight the need for sex education for
the prevention of STDs, to teach safe sexual practices, care for
personal health and our sexual partners. If we are informed,
we know all the ways of contagion and we are aware of the
importance of medical check-ups if we live in dangerous sit-
uations; we can reduce the number of people affected by this
type of illness.

It should be noted that most of the viruses that can pose
a cancer risk can be transmitted through certain body fluids or
blood. And not only that, this type of virus and thus disease,
in addition to the health problems they entail, are linked to
psychological repercussions that will depend on the severity of
your situation, symptoms and treatment received.

In addition, it can lead to anxiety, depression, or feelings
of guilt or fear of criticism due to the social stigma. Perhaps
guilt is the most difficult emotion to handle in a situation
where the contraction of a virus seems to be linked to risky
sexual practices.

For all these reasons, we can conclude that only by edu-
cating young people and working with the groups most at risk
will we be able to have informed adults in the future and thus
reduce cases of infection.

Conclusion

Patient associations should contribute to the dissem-
ination of the relationship between viruses and cancer

and of existing preventive measures, including vaccines,
which have been shown to be effective in preventing
avoidable cancers.

QUESTION: WHAT ARE THE REFLECTIONS ON THE
VIRUS CANCER RELATIONSHIP FROM AN ETHICAL
PERSPECTIVE?

Classical medical training, the one we received in medi-
cal schools, has been and is the victim of a bias that vitiates
many of our approaches to issues such as the one raised here,
that of the relationship between viruses and cancer. It is a bias

that did not exist in classical medicine but has become inva-
sive since the early 19th century. The advances in experimental
research made it possible from that moment on to describe
with great precision the pathognomonic symptoms of some
diseases, almost at the same time as their causal agents were
found. Think, for example, of the microorganisms that were
identified by the dozens in the late 19th century, and which
led to the utopia of thinking that each morbid species would
be produced by a specific agent: meningitis by meningococ-
cus, pneumonia by pneumococcus, etc. On the other hand, the
advances in experimental pharmacology allowed the identifi-
cation of the first "specific" drugs that acted against the aetio-
logical agents that produced diseases, leaving all other organic

structures unharmed. It was the dream of Béchamp's "atoxyl"

[

and Ehrlich's "magic bullets".

At the heart of all this was an unconscious presupposition,
that of “specificity”. Diseases were species like those in botany
and zoology. A catalogue of diseases similar to Linnaeus's Sys-
tema Naturz, the catalogue of “morbid species”, could there-
fore be drawn up. Each of them would have a "specific aeti-
ology", which, for example, microbiology would discover, and
“specific therapeutics” would also begin to be found, which by
attacking the cause of the disease, would restore the state of
health. It was therefore a linear process, starting with a specif-
ic cause, continuing with the clinical picture of a morbid spe-
cies and ending with the application of a specific treatment. It
was the chain of specificity. The role of medicine was to find
the remedies, usually pharmacological, that would act on the
specific agent and allow “restitutio ad integrum". A paradig-
matic example of this is pulmonary tuberculosis. The clinical
picture of this disease, which was very common at the time of
the industrial revolution, was described with great precision by
the great masters of the anatomical clinical method, including
Laénnec. Koch identified the bacillus that caused it, and later,
in the mid-20th century, the first specific treatment, strep-
tomycin, was developed. From that moment on, every doctor
knew what he had to do: use that antibiotic, and the tubercu-
losis and TB drugs that came soon after, to kill the Koch bacil-
lus and thus cure the disease.

But the example of tuberculosis is very illustrative of the
limitations of this way of understanding the disease. | still
remember the debates about tuberculosis from my time as
a medical student in the 1960s. Could it be said that TB was
caused by Koch's bacillus? Wasn't it also true that pauperism,
malnutrition, poor hygiene, etc., played a role? What was the
cause of the tuberculosis? Was it just one or was it many? And
how to articulate them?

| have brought this example to mind because it is very il-
lustrative of the way in which school medicine has understood
illness, and because it expresses very well the so-called “chain
of specificity". TB is caused by Koch's bacillus. If we eradicated
it, there would be no pulmonary tuberculosis, even with pau-
perism, malnutrition, etc. These, on the other hand, are not
strictly medical issues, but social ones.

Let us now turn to our problem, that of viruses and can-
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cer. It is clear that cancer is the result of genetic dysregulation.
This alteration is produced by various agents, including viruses.
If we were able to eliminate these or correct the alterations,
they produce in the genome by means of gene editing tech-
niques, some, if not all, of the important types of cancer would
disappear. That is the goal of medicine, and that is the aim of
the research being done today. It is, again, the linear scheme,
the chain of specificity.

Things are, however, more complex. There is no single
causal factor. In fact, this term should disappear from our
vocabulary, or at least become a discreet second term. Cause
is what necessarily produces an effect, so that even if all the
concomitant factors were to disappear, the effect would be
produced by it alone. Something impossible to affirm in the
empirical world. What we know are not causes, even if they
seem to be, but functional correlations. In fact, all experimen-
tal research aims to identify them as precisely as possible. They
are correlations, not causes. And among these correlations,
there is no doubt that the Koch bacillus plays an important
role, but so do immunity and environmental conditions, etc. In
fact, not every person infected with Koch's bacillus develops
tuberculosis.

Rather than establishing a linear relationship between
cause, clinical picture and therapy, it is necessary to make use
of more complex schemes, of a circular or at least spiral na-
ture. In the genesis of cancer, endogenous factors intervene,
such as the genome we have, but also exogenous factors. The
fact is that viruses are some of those exogenous factors that
infect cells and alter their genetic information. There are many
other exogenous factors that produce similar results. Think of
radiation, for example, or tobacco. These are the factors that
can be called direct. But there are many other indirect factors.
Thus, tobacco is a direct agent in the case of certain lung can-
cers but acts as an indirect agent in hepatocellular carcinoma.
And along with tobacco and alcohol, place sexual habits in the
case of infection by the human papillomavirus, food habits in
fatty liver and the increased likelihood of liver cancer, etc.

The conclusion of all this already long journey is that
life habits are important factors in the genesis of cancer, in
some cases indirectly, through viruses, and in others directly.
This seems elementary, but it is far from clear, not only in the
population, but even among doctors. We believe that what is
important is the control of the gene alterations that trigger
uncontrolled cell reproduction, and that the other is not a
question of medicine. And we lose sight of the fact that rather
than being curative, medicine should be preventative. The diz-
zying increase in its therapeutic capacity is making us forget
this primary truth. The primary role of the physician is not cure
but prevention; health education is preferable. Otherwise, we
arrive at the absurdity that we live and suffer every day. This
is the case of the diabetic who eats cakes because this can be
fixed by increasing the dose of insulin, or the loss of respect for
HIV because we already have effective therapies.

Prevention, or rather, health education, is not just about
information. That is one of the great mistakes that have be-

come almost universal. Educating is far more difficult and
complicated than informing. Education is always about know-
ing how to manage one's own life autonomously and prudent-
ly. It's knowing how to make the right decisions. Or to put it
another way, it's making the choices we have to make. And
here's the ethics. The aim of this discipline is none other than
to teach us how to make decisions, the right decisions, so that
we do what we have to do. The big question of ethics is al-
ways the same: what should | do? And there can only be one
answer: among all the possible courses of action in a given
situation, only the decision that leads to the optimal course is
good or correct, that is, the one which adheres to the values at
stake most and injures them least. Only the optimum course is
good. Everything else is bad. A good surgeon is the one who
performs the best possible operation, and a good judge is the
one who passes the best possible sentence, etc. To know how
to do this, and do it well, is to be educated. This is not easy,
because the human mind is full of dark areas, those that Freud
called unconscious, that skew our decisions without us notic-
ing. Good education is the art of managing all these factors
properly so that our decisions are the best they can possibly
be. This, and no other, is the goal of ethics.

Conclusion

Even though cancer does have a genetic basis, the
triggers, including viruses, are always external to the ge-
nome itself. A very common mentality in medicine leads
to linear thinking, reducing the aetiology to the genetic
disorder and the therapy to the correction of that disor-

der. However, things are more complicated. The genome
itself is the result of interactions with the environment,
meaning that health depends not only on the genome but
also on our lifestyle. And that is precisely the objective of
ethics: to educate in the prudent and responsible man-
agement of the body, health, life and death.
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