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Editorial

Bacteremia and colon cancer: Causality or coincidence?

Bacteriemia y cancer de colon: ;causa o coincidencia?

Check for
updates

Colorectal cancer (CRC) is one of the leading causes of cancer in
the world and one of the main causes of cancer mortality. In Spain,
it is the most diagnosed cancer. Its incidence is increasing due to
the progressive aging of the population, and due to the increasingly
generalized acquisition of the “Western” way of life.

Although it usually presents as changes in bowel habit or blood
in the stool, occasionally they may present as infections preceding
the diagnosis of the tumor. Thus, local infections arising from per-
forated tumors may appear, such peritonitis, fistulas or abscesses.
Additionally, intestinal flora can invade the bloodstream and cause
remote infections, causing meningitis, endocarditis, liver abscesses,
spontaneous gas gangrene or bacteremia of no apparent source.
Occasionally, fever of unknown origin, often intermittent, can show
up, which probably is due to autolimited bacteremia episodes. The
isolation of certain microorganisms in blood cultures should alert
us of the possibility of occult CRC, and may allow an earlier diag-
nosis, improving prognosis.’

Since the study in which Klein established a strong relationship
between Streptococcus bovis and colonic neoplasms,”> numerous
articles have described associations of various intestinal bacte-
ria with bacteremia/endocarditis and CRC. In addition to S. bovis,
specifically Streptococcus gallolyticus subsp. gallolyticus (S. gallolyti-
cus), aclose link has been established between CRC and bacteriemia
by Clostridium septicum,' and also, although in a lower percent-
age, other Clostridia species. bacteremia has been associated with
CRC in 11%, ranging from O to 28%.! Likewise, E. faecalis endo-
carditis has been associated with an increased incidence of colonic
adenomas/carcinomas.*

In a recent study with more than 13,000 bacteremia in Hong-
Kong, a significant association of some bacteria with CRC diagnosis
was found, mainly during the first year after bacteremia. Bacteroides
fragilis, Fusobacterium nucleatum, Gemella morbillorum, Clostridiun
perfringens, Clostridium septicum and S. gallolyticus have a stronger
association with CRC than controls matched by age, sex and comor-
bidities, with a relative risk varying between 23.2 and 2.2 times for
C. septicum and C. perfringens, respectively. Despite the high num-
ber of bacteremia analyzed, it is difficult to establish the risk of
some species other than C. perfringens or B. fragilis due to their low
incidence, which makes necessary to conduct more studies with
a higher number of cases. It is also important that Microbiology
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laboratories identify precisely the different species of anaerobes as
well as S. bovis/equinus complex members.

How do these microorganisms invade the bloodstream? The
usual mechanism is exemplified by Clostridium septicum bac-
teremia. C. septicum reaches the blood or the peritoneum through
macroscopic ulcerations or perforations of the mucosa, generally
producing fulminant sepsis, secondary peritonitis or spontaneous
myonecrosis, a very characteristic entity. Tumors are generally
large, located mainly in the right colon, where the lower vascular-
ization and the size of the lesions are associated with ischemia and
necrosis, which decrease pH, favoring the germination of spores.!-3
In the case of CRC related S. gallolyticus bacteremia the mechanism
is fully distinct. In this case, tumors are generally small, usually
adenomas, which do not ulcerate the mucosa and rarely produce
intestinal symptoms.? S. gallolyticus has a high translocation capa-
bility in the neoplastic, although not in healthy epithelium; S.
gallolyticus invades the bloodstream by a paracellular mechanism
in a “silent” way, causing a subacute endocarditis in most cases.®
Unlike C. septicum, it does not give place to explosive abdominal
symptoms.> To my knowledge, intestinal perforation associated
with S. gallolyticus has not been described (although it has been
described in other species of the bovis group).

Taken together, all these data establish a clear relationship
between colon neoplasms and bacteremia caused by certain
microorganisms, which would take advantage of the conditions
created by the tumor to invade the blood, behaving as opportunists.
But can they be involved in tumor genesis? In Klein’s well-honored
article on S. bovis,? published 45 years ago, he stated: “Undefined
physical or biochemical factors in the gastrointestinal tract of patients
with carcinoma of the colon may directly or indirectly promote the car-
rier state of S. bovis. Alternatively, S. bovis may play a part in producing
carcinogens in the large bowel”. Although we still do not have a
definitive answer to his question, in recent years notable progresses
in the knowledge of mechanisms of carcinogenesis and in the role
of the intestinal flora in its development have been made.”-!!

CRC development depends on the accumulation of genetic and
epigenetic changes in a process that lasts several years. The trigger
of those mutations are multiple and not fully understood, but a role
played by the intestinal microbiota in these process is supported by
an increasing amount of evidence.
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Most of the human microbiota resides in the large bowel, with
104 cells and more than 103 species, and plays a vital role in human
health, performing structural, immunological and metabolic func-
tions. Its composition changes during the first year of life and then
remains relatively stable throughout adult life, although there are
many variations from person to person. Diet, antibiotics and some
diseases, such as CRC, can vary its composition and diversity.

In experimental models of transgenic CRC-prone and wild-type
mice exposed to a chemical carcinogen, both developed tumors
less often when in a microorganism free setting than when they
had their usual microbiota. Additionally in both groups CRC-patient
microbiota transplantation promoted the intestinal carcinogenesis.
In general, the intestinal microbiota of individuals with CRC com-
pared with healthy controls shows scarcity of potentially protective
taxa, and abundance of procarcinogenic taxa, as well as lower diver-
sity.

A usual finding of CRC microbioma studies is an enrichment
in Fusobacterim nucleatum (FN) in tumor samples.!? FN exhibits a
progressive increase, from early to advanced stages of carcinogen-
esis, and high concentrations of the bacteria have been associated
with a worse prognosis, and in particular a high risk of lymph node
involvement. In the systematic review and meta-analysis published
by Villar-Ortega at al.,'? a significantly higher presence of FN in
CRC tissue samples versus healthy tissue and colo-rectal adenoma
was found. However, as the authors very well say, it remains to be
shown whether this association implies that this microorganism is
involved in carcinogenesis.

Nevertheless, there are experimental data in animals and in vitro
studies, which suggest that some strains of B. fragilis, E. coli, FN,
E. faecalis and S. gallolyticus could be oncogenic by inducing DNA
damage and/or interfering with DNA repair, which can be critical
for tumor initiation. The specific mechanisms have been reviewed
in depth,®!2 but basically, they can act directly, creating a pro-
inflammatory state or through the production of genotoxins, or
indirectly by producing secondary metabolites from the compo-
nents of the diet.

How do all these bacteria interact in people predisposed by
genetic and/or environmental factors to the development of CRC?
Is a bacterium or a consortium of them responsible? And how are
they distributed over the time it takes for a cancer to develop?
According to the colonic cancer model by Sears et al.,'* there would
be bacteria of the intestinal microbiota called “Alpha-bugs” which
would have oncogenic capacity, through direct or indirect mecha-
nisms. They would also be capable of remodeling the colonic flora,
favoring the development of bacteria that contribute to oncogene-
sis and preventing the development of anti-oncogenic microbiota.
In the “driver-passenger” model of Tjalsma et al.,'” there would
exist carcinogenetic bacteria (drivers) that later during the evolu-
tion of cancer, could be gradually replaced by others (passengers),
which would take advantage of the environment created by the
cancer. These passenger bacteria, in turn, could have the capacity
to promote or suppress neoplasia. Therefore, the driver and passen-
ger bacteria would have a different temporal association, as well as
different roles in the pathogenesis of cancer.

It is possible for both models to coexist. Thus, enterotoxi-
genic Bacteroides fragilis (ETBF) and pks+ E. coli produce toxins
that would be carcinogenic in certain murine models. Coinfection
with both pathogens speeds the tumor growth and increases mor-
tality when compared with each pathogen separately. Also, both
microorganisms are present in the colon of patients with famil-
ial adenomatous polyposis in significantly higher percentages than
healthy controls.!® Thus, ETBF and pks+ E. coli would be “Alpha-
bugs” or drivers.

Different microorganisms such as S. gallolyticus could profit
from tumor environment. This particular species finds an ideal
medium for adhesion since collagen exposure after epithelium
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disruption.® However, some data suggest that it plays an active role
in cancer development and is not only an innocent passenger Some
S. gallolyticus strains have been shown to promote colon cancer cell
proliferation in specific cellular lineages, as well as in some mice
species. Therefore, it appears that both the appropriate strain and
host are needed for tumors to develop.!”

From a clinical point of view, S. gallolyticus is associated to early
stage neoplasms, most of them adenomas, while C. septicum bac-
teremia associated carcinomas are mostly advanced-stage (58% in
stage Ill and IV) with an average size of 7 cm (compared to 1.5 cmin
the case of S. gallolyticus),> 8. These data suggest that S. gallolyticus
appears inintermediate stages of CRC, behaving both as a passenger
and driver, while C. septicum appears in final stages of CRC, behav-
ing as a mere bystander in the carcinogenesis process. Although
this driver bacteria may be replaced during the tumor progression
as does Helicobacter pylori in gastric cancer, this might not always
be the case. Genes encoding the ETBF toxin have been detected
in both adenomas and advanced carcinomas,'?2? suggesting that
ETBF probably remains throughout tumor development.

Survival in CRC is directly related to the stage at diagnosis
CRC related bacteremia can improve the prognosis in some cases,
although it only accounts for less than 1% of all CRC. CRC screening
using fecal occult blood and endoscopy reduces its incidence, and
reduces mortality. In the future, we might be able to identify groups
of bacterial taxa or specific microbial markers that could predict
the risk of developing CRC before macroscopic changes develop in
the colonic epithelium8-'2 or allow for stratification of patients for
therapeutic regimes. Substituting the potentially oncogenic micro-
biome by changing the diet, using probiotics, prebiotics or fecal
transplantation could perhaps be solutions in the prevention of
intestinal tumors. In the next few years, we are going to witness
an important development in the knowledge of the microbiome,
which may allow us to understand the mechanisms of the genesis
of CRC.
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