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Abstract.

Many experimental studies have investigated various
treatment options for patients with multiple myeloma; however,
bortezomib, lenalidomide, dexamethasone (RVD regimen) is
still considered a gold-standard therapy. This regimen can lead
to a wide range of side effects, one of which is enterotoxicity.
Significantly efficacious enteroprotective interventions have not
yet been developed or implemented into clinical practice. This
literature review assesses the development of chemotherapy-
driven dysbiosis through Toll-like receptors (TLRs) and
explores the hypothesis that the gut microbiome could provide
significant enteroprotection. A systematic review was performed
by utilizing articles published between 2015-2022 from the
following databases: Medical Literature Analysis and Retrieval
System Online (Medline), PubMed, Science Direct, and
Cochrane Library databases. In conclusion, we found further
studies of gut microbiome variety and function are necessary
and could be used in development of treatment and prevention
strategy of chemotherapy enterotoxicity.

Key words. Multiple myeloma, chemotherapy, side effects,
enterotoxic, microbiome.

Introduction.

Multiple myeloma is a plasma cell neoplasm, which effects
bones and bone marrow. RVD regimen is a first-line therapy.
Chemotherapy-related side effects are quite spread, and one of
them is enterotoxicity. As of now, there are no effective methods
of its risk reduction, prevention, and treatment. The purpose of
this study was to review the medical literature for evidence of
microbiome function and its role in the development of side effects.

Methods.

The following databases were reviewed: Medical Literature
Analysis and Retrieval System Online (Medline), PubMed,
Science Direct, and Cochrane Library databases. Studies that
analyzed chemotherapy-driven dysbiosis in the years of 2015-
2022 were used as inclusion criteria.

Results and Discussion.

Multiple myeloma (MM) is a neoplastic multistage disease,
characterized by uncontrolled proliferation and accumulation
of monoclonal plasma cells, which causes bone damage and
bone marrow depletion [1]. According to the data of American
Cancer Society, the lifetime risk of being diagnosed with MM
is 1 in 132 (0.76%), approximately 34470 new MM cases will
be diagnosed in the USA in 2022 (19.100 in men and 15.370 in
women), and about 12.640 death are expected to occur (7.090 in
men and 5.550 in women) [2].

© GMN

Significant progress in the study of MM pathogenesis improved
the diagnostic and treatment process. However, the spectrum of
possible complications, associated with the treatment of MM
(thrombosis, bleeding, neutropenia, enteritis, stomatitis, anemia,
cachexia, weakness, and weight loss, etc.), negatively affects
the patients’ health and quality of life, limiting their physical
and social activity, and also affecting the treatment course of the
underlying disease [3-5].

The first-line therapy for patients with multiple myeloma,
regardless of haemopoietic stem cell transplantation eligibility,
is a triple regimen of bortezomib, lenalidomide, dexamethasone
(RVD) [1]. In addition to cardiovascular, hematological,
dermatological, endocrine, neurological toxicity, the RVD
regimen can also cause gastro- and enterotoxic effects: nausea,
vomiting, diarrhea, and constipation are among the most frequent
chemotherapy side effects [6]. Thus, constipation (grade 1 or
grade 2) was noted in 30-61% of patients according to the data
of various researchers [7-9]. Diarrhea (all grades) was observed
in 41% of patients, (grade 1 or 2) in 33-35%, (grade 3) in 3%,
(grade 3 or 4) in 8% [7-9]. Gastrointestinal toxicity (all grades)
was noted in 22% of patients, (grade 3) in 9%, nausea (grade 1 or
2)in 23-32%, (grade 3 or 4) 2%, gastrointestinal bleeding (grade 3)
was reported in 2% of patients [7-12]. To avoid such side effects as
nausea and vomiting, there are effective prevention schemes with
metoclopramide or serotonin antagonists [13,14]. However, the
methodology for the prevention of diarrhea in patients undergoing
treatment for MM has not been developed yet.

The gutmicrobiomeisacomplex community of microorganisms
with its own regulatory mechanisms. In total, more than 1000
species of bacteria have been identified, many of which remain
uncultivated (about 80%), and about 160 species are found in the
body of each individual [15]. The set of genes of the intestinal
microbiome contains 3 million genes, which is approximately
150 times more than the human genome [16]. Because of this
diversity, the intestinal microbiome provides many functions:
metabolic, protective, and immunogenic [17-19].

Currently, there is increasing evidence that the gut microbiome
is associated with the results of polychemotherapy (PCT) and
the development of side effects [19]. It can be explained using
few pathogenetic mechanisms. Chemotherapy-driven dysbiosis
and mucositis happens through toll-like receptors (TLR) - a
class of cell receptors with one transmembrane domain, which
play one of the key roles in innate immunity: recognition of
the structures of microorganisms and activation of the cell-
medicated immunity [20,21]. Signal transmission can take
place in two ways: the MyD88-dependent and the MyD8§8-
independent TRIF/TRAM [21]. MyD88-dependent activation of
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the pathway leads to the synthesis of proinflammatory cytokines
and mediation of the inflammatory responses. Activation of the
MyD88-independent pathway leads to the secretion of type I
interferons [22]. In addition, TLR activation also stimulates
other signaling pathways, such as c-Jun N-terminal kinases
(JNK), mitogen-activated protein kinase (MAPK), interferon
regulatory factors (IRF), extracellular signal-regulated kinases
(ERK), p38, etc. These ways are exceptionally productive in
realizing the functions of innate and adapted immunity [23].

Under normal physiological conditions, weak inflammation is
maintained due to the constant influence of TLR ligands [24].
Commensal microbiota can reduce NF-kB activation and lead
to attenuation of inflammation, leading to a dynamic balance
between pro- and anti-inflammatory responses [25]. However,
chemotherapy-driven dysbiosis can disrupt TLR signaling
pathways and the balance between cytokines will be disturbed
in favor of the pro-inflammatory pathway [26,27].

TLR-2 and TLR-4 signaling pathways play the most
important role. As a result of TLR-2 pathway activation, the
anti-inflammatory cytokine interleukin (IL)-10 is expressed,
thereby suppressing excessive activation of inflammatory cells,
and increasing the expression of P-glycoprotein (P-gp), which
actively pumps out a wide range of chemically diverse compounds
from the cell to protect the intestinal mucosa [28-30]. In addition,
activation of TLR-2 in epithelial cells can also effectively maintain
the integrity of tight junctions between intestinal cells. The TLR-4
signaling pathway leads to activation of NF-xB [31].

Enterotoxic complications of PCT in MM patients MM
negatively affect the quality of life of patients, limit their
activity, force them to adjust or even stop treatment of the
underlying disease, thereby reducing the effectiveness of
treatment measures and increasing the burden on the health
care system. Intestinal microbiota plays an important role in
immunoprotective mechanisms. Further study of the microbiotic
composition in patients with MM will allow stratification
of the risks of enterotoxic complications and will open new
opportunities in their correction.

Conclusion.

The review showed that there is likely an association
between microbiome status and development of chemotherapy
enterotoxic side effects. Thus, gut microbiome status may be
considered a risk factor for chemotherapy-driven dysbiosis
for patients with multiple myeloma. Further studies of gut
microbiome functions are necessary and could be used in
the development of treatment and prevention strategies of
chemotherapy-induced enterotoxicity.
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