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The developments in medical techniques and scientific knowledge have led to the resolution
of several diseases, some of which pose a serious risk to life. Some new therapies, more and
more aggressive have, on one hand, allowed the survival of patients facing diseases, such as
cancer, HCV, and organ failure but, on the other hand, they are not free from complications
and sequelae.
Therefore, new categories of patients have now emerged: the survivors of such pathologies, suffering from all of the resulting sequelae and presenting the complications of their
therapies. The increasing use of bariatric surgery for the treatment of severe obesity and
treatments for anorexia also contribute to this phenomenon.
Furthermore, the importance of the intestinal microbiota in maintaining the state of
health and in the pathogenesis of numerous pathologies involving numerous organs and apparatuses is now well established. The possibility to study the characteristics of the intestinal
microbiota using molecular biology techniques has provided a considerable amount of information. These have enriched the knowledge acquired through the indirect study of bacteria
that evaluates the qualitative and quantitative typology of the gases produced by them, and
in particular H2, CH4 and CO2, with breath tests (e.g., lactulose).
Certainly, the impact of the new therapies on the intestinal microbiota has been relatively
little studied and how the latter contributes in determining the state of health of patients
who use them has yet to be dealt with more completely.
For example, cancer therapies have a destructive effect on the intestinal microbiota. Chemotherapies have been associated with a reduction in richness and microbial alpha-diversity1-3. Although the mechanisms of interaction are not entirely clear, direct bactericidal and
bacteriostatic action and immunosuppression secondary to their use alter the composition
and regulation of the microbiota4. Several studies5 indicate that microbial alterations are not
only temporary but may accompany the patient for a long time. This may account for many
of the diseases associated with cancer survivors. An emblematic example is children who
have survived acute lymphocytic leukemia. They face serious long-term health problems, such
as obesity and metabolic diseases, cardiopulmonary toxicity, secondary neoplasms and late
neurotoxic effects. It has been proposed that changes in eating behavior are related to high
levels of leptin and low levels of adiponectin6 and are associated with insulin resistance7. Al-
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though these effects may be a direct consequence of organ damage by abdominal radiotherapy or chemotherapy, it is well known that alterations in microbial composition secondary
to therapies may play a role in the regulation of these hormones and the genesis of metabolic diseases and obesity6. Although there is little evidence5 of the importance of the use of
probiotics in the prevention and resolution of the acute effects of anticancer therapies and
nothing has yet been said about the long-term effects of such therapies, the data seem to be
close enough to suggest their use.
Another emblematic case is that of radiation enteropathy. Intestinal overgrowth, in particular of Gram-negative bacilli, and intestinal dysbiosis that seems to persist even after radiotherapy8 induce characteristic alterations that could be involved in the acute form of this
pathology but are more easily correlated to the late form. There is evidence that patients
who had an appendectomy seem to be at greater risk of developing radiation enteropathy.
Considering the regulatory function of the appendix on the intestinal microbiota and the reserve of Bifidobacteria9, the impact it has on this pathology can be deduced. Although there
is evidence of the beneficial effect of probiotics, synbiotics and prebiotics on this pathology10,
the evidence is not yet strong enough to affect clinical practice.
Evidence indicates a key role of the intestinal microbiota in the response to immunotherapy for cancer, both in terms of efficacy and toxicity. During therapy, more than 25% of patients with colitis11 and, to date, increased levels of Bacteroidetes and Firmicutes have been
associated with a reduced incidence of gastroenterological complications12. However, the
long-term effects of this type of therapy are not clear.
Interestingly, intestinal dysbiosis may be involved in the fear of cancer recurrence and
depression in cancer survivors. Treatments and altered eating habits in these patients induce
neuroinflammation and reduce neurogenesis13. In this sense, it has been shown that dysbiosis
and intestinal permeability induce a dysfunctional process of memory genesis similar to what
happens in post-traumatic stress disorder, through endotoxemia, altered communication with
the vagus nerve, and reduced levels of short chain fatty acids (SCFA) and neurotransmitters.
Supplementation with n-3 polyunsaturated fatty acids seems to have beneficial effects on
both the fear of cancer recurrence and depression in survivors of this disease13.
Patients undergoing bariatric surgery can also be included among the “new patients”. Numerous studies indicate that the slimming secondary to these procedures are at least partially
due to the resulting microbiological alterations. The intestinal microbiota of obese patients
has shown a reduction in microbial richness and alpha diversity, an increase in Firmicutes and a
reduction in Bacteroidetes and Proteobacteria phyla. Bariatric surgery has been shown to improve these alterations in the long term, acting in particular through the increase in bile acids14,
without, however, succeeding in bringing the microbiota into a state of eubiosis. In particular,
the increase in Akkermansia sp in these patients is related to improved glycemic control, and
the increase in Bacteroides thetaiotaomicron and Gammaproteobacteria seems to be related to
weight loss14. According to Debedat et al15 this increase is identified as a “paradox effect”: the
increase in Proteobacteria and Enterobacteriaceae is generally deleterious in many chronic intestinal diseases, and these bacteria are known to produce lipopolysaccharides, however, these
patients show a reduction in intestinal permeability and systemic inflammatory state.
The malabsorption of nutrients, which occurs in various ways depending on the type of
intervention performed, the increase in circulating trimethylamine N-oxide (TMAO), a known
cardiovascular risk factor, the reduction in blood levels of vitamins B12, K, andD, and a variety
of gastrointestinal symptoms expressed in different patients, are all factors that certainly require treatment. In particular, probiotics have been shown to improve gastrointestinal symptoms, to increase vitamin B12 synthesis and to enhance weight loss16. Screening for vitamin
K deficiency is necessary for all patients for the risk of bleeding to which they are exposed17.
According to a preliminary analysis of our patients, interventions for lumbosacral diseases
can also have an impact on the intestinal microbiota through alteration of intestinal motility.
In particular, the analysis of lactulose Breath Tests identified a significant increase in methanogenic flora in these patients even months after surgery. This data in our opinion is even
more interesting when compared to what is observed in the pseudo-obstructive intestinal
syndrome (Ogilvie’s disease) in which an increase in hydrogen production, with methane
practically absent, is observed. Probably the different aetiology of these two pseudo-obstructive forms may explain this difference, but further studies are needed to investigate the
microbiota composition of these patients.
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Patients with Anorexia Nervosa also deserve to be mentioned. The intestinal microbiota
could both contribute to the etiopathogenesis of this pathology through the gut-brain axis
and mediate its clinical implications through its composition. Mack et al18 showed that the
microbiota of patients with Anorexia Nervosa, although it can improve its composition and
function following therapies aimed at optimal weight recovery, does not reach a composition
comparable to that of the control group, remaining altered also to the clinical resolution of
the disease. As a result, the production of short-chain fatty acids and gastrointestinal symptoms in many patients do not improve significantly.
A further group to be discussed in this context is that of patients eradicated from HCV.
Although some evidence in the literature is not in agreement19, Ponziani et al20 showed that
HCV therapy with direct-acting antivirals in patients with cirrhosis is associated with a significantly more pronounced modification of the intestinal microbiota in patients with a lower
degree of fibrosis and inflammation, although this alteration is not sufficient to improve the
function of the intestinal barrier. From the study on these patients, it can be seen that the
improvement in liver function has a beneficial effect on the intestinal microbiota, in particular through the action of the bile acid circulation and its action on the FXR gene, controlling
the abundance of Veillonellaceae and Methanobacteriaceae and also improving intestinal
function. To the contrary, the improvement of dysbiosis would contribute to the control of
the liver disease20.
One aspect that deserves particular attention is the alteration of the intestinal microbiota after solid organ transplantation: as an example, after liver transplantation a significant
change in the intestinal microbiota has been demonstrated compared to the pre-transplantation microbiota. Both a reduction in diversity and abundance of the predominant
organism and at the same time dominance of a new bacterial population, which is accompanied by an increased risk of post-transplant infections, have been observed21. Kato et
al22 measured the diversity of the pre- and post-liver transplant intestinal microbiota and
their results show that the average diversity index decreased significantly over the 21 days
following transplantation, while gradually increasing over the entire observation period (2
months post-transplantation). This alteration has been associated with increased infections
and acute rejection.
Further alterations in microbiota bacterial populations in liver transplant patients were detected by Matsumoto et al23, who demonstrated a reduction in Actinobacillus, Escherichia and
Shigella species and a significant increase in Microsporaceae, Desulfobacteriales, Eubacteriaceae and Akkermansia sp, while Wu et al24 showed a significant reduction in butyrate-producing bacteria and an increase in opportunistic pathogens, such as Enterococci. This picture
is similar to that of diabetic patients and could be the source of new-onset diabetes after
liver transplantation25,26. These and other studies also contribute to demonstrating how the
diversity of the intestinal microbiota can be associated with the prognosis of liver transplant
patients.
Microbiota also appears to play an important role in the transplantation of other solid
organs: in kidney transplantation, the microbiota has been associated with an increased risk
of graft versus host disease (GvHD) and its composition has also been shown to influence the
dose of immunosuppressants27.
The intestinal microbiota is also associated with cardiac function, and its metabolites, such
as TMAO can influence the outcome of cardiovascular events. It can also be assumed that
due to the intestinal microbiota’s key role in immune regulation, it also plays a key role in the
prognosis of heart transplantation21.
Metabolic complications after solid organ transplantation are frequent and lead to an increased risk of cardiovascular complications and reduced life expectancy and may be related
to changes in the microbial intestinal composition28. Exposure to Sirolimus and Tacrolimus,
commonly used in post-transplant immunosuppressive therapy, has been shown to mimic the
changes in the intestinal microbiota present in diabetic and obese patients29. These modifications may contribute to the diabetic phenotype observed in a significant number of patients
undergoing solid organ transplantation, with reductions in species such as Roseburia and
Oscillospira, butyrate-producing bacteria strongly involved in the regulation of insulin sensitivity, and an increase in Akkermansia, which is characteristically overexpressed in obese and
diabetic patients. Probiotics have been shown to improve diabetes and obesity in patients
with transplanted organs by positively altering the microbiota29.
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Many studies30 investigating the role of the microbiota in transplanted patients are focused on stem cell transplantation. During the stem cell transplantation process, the intestinal
mucosa is damaged both by chemotherapy and by radiotherapy preparation regimens that
may or may not accompany it. This results in damage to the gastrointestinal barrier which,
together with the use of antibiotics, leads to dysbiosis with an increase in typically infrequent
species, such as Enterococci, Streptococci and various species of Enterobacteriaceae31,32. The
use of fluoroquinolones in single administration has been associated with increased intestinal
dominance of Proteobacteria32. In patients undergoing hematopoietic stem cell transplantation, intestinal dysbiosis is associated with reduced survival, increased risk of GvHD and
increased GvHD mortality31,33. Furthermore, high rates of bacteremia have been demonstrated in patients who have reduced intestinal microbiota diversity at the time of neutrophil
engraftment31,33. Microbial diversity significantly influences the 3-year survival of patients undergoing this type of transplantation31.
Finally, the SARS-CoV-2 infection is known to have a close relationship with the gastrointestinal tract. The majority of patients with COVID-19 present with gastrointestinal symptoms,
which are associated with the worse clinical picture34. Also, increasing evidence suggests that
COVID-19 is associated with impairment of microbiota, including the bacterial gut microbiome35, fungal microbiome36, or lung microbiome37.
All of these new patients represent an interesting challenge both for the clinician, who will
be required to learn how to solve new problems and answer new questions and for researchers, who will have to make significant efforts to study other new diseases emerging from
modern medicine, addressing particular attention to the intestinal microbiota that seems to
be a pivotal factor in the development of these new diseases.
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