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ABSTRACT
The significance of the human microbiome in the pathogenesis of cancer is becoming more widely recognized. Pre-, pro-,
and synbiotics are some of the most well-studied ways to alter the microbiota for therapeutic purposes, and there is
growing interest in their potential to be used in the diagnosis and treatment of cancer. In this review, we examine how
these drugs may preserve the integrity of the intestinal barrier, regulate the immune system, regulate metabolism, and
restrict the growth of host cells. We emphasize the epidemiological and trial-based evidence that pre-, pro-, and
synbiotics play a role in cancer prevention. In the end, there is more evidence to support the use of these drugs as cancer
treatment adjuncts. We go over their roles in enhancing the effectiveness of chemotherapy and radiation and/or
reducing their side effects. The use of pre-, pro-, and synbiotics for clinical benefit in oncology patients has tremendous
potential, but the discipline is still in its infancy, making it difficult for oncologists to provide their patients the right
advice.
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INTRODUCTION

By specifically enhancing the growth and/or stimulating the metabolism of one or more numbers of
health-promoting bacteria, a synbiotic product benefits the host by positively impacting the survival and
implantation of live microbial dietary supplements in the gut. Because it suggests synergism. The word
"synbiotics" should only be applied to products in which the prebiotic compound(s) benefit the probiotic
organism(s). This review will examine the possible therapeutic uses of pre-, pro-, and syn -biotic
concerning cancer. These agents now constitute the main treatments geared towards positive
modification of the microbiota (as opposed to negative manipulation with antibiotics). As our grasp of
science has evolved, pre- and probiotic classifications have undergone several changes. 'A substrate that
is preferentially used by host microorganisms imparting a health advantage' is the definition of a
prebiotic [1]. Numerous molecules fall under this category; the non-digestible oligosaccharides fructo-
oligosaccharide (FOS, which may be found in foods like onions and garlic) and galacto-oligosaccharide
have received the most research. These substances work by encouraging commensal bacteria to
proliferate and/or operate in ways that are advantageous to the host. Probiotics, on the other hand, are
"live microorganisms that, when administered in sufficient amounts, confer a health benefit on the host"
[2].

Although many fermented foods (like kimchee, tempeh, kombucha, sauerkraut, probiotic yogurt or kefir)
contain live organisms, the majority are not considered probiotics because the food itself confers the
health benefit rather than the organisms, and they frequently do not contain enough organisms to be
classified as probiotics. Synbiotics are a preparation that combines pre- and probiotics. Probiotics are a
group of certain microorganisms that may be found in the Lactobacilli or Bifidobacteria genera and are
available as single agents or multi-strain formulations. Probiotics are typically consumed orally and are
made to survive transit to the lower gastrointestinal (GI) tract, whether they are consumed in the form of
yogurt, freeze-dried live organisms taken as a powder, or in capsule form. [3] By competitive exclusion,
direct antagonistic action, neutralization of pathogenic bacterial toxins, and preservation of intestinal
barrier function, they may lessen the impact of pathogenic organisms on the host. Short-chain fatty acid
(SCFA) generation, bile acid metabolism, vitamin biosynthesis, and carcinogen neutralization are only a
few of the metabolic impacts of probiotics [4-6].
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Probiotics may alter the immune response of the host to produce an oncosuppressive phenotype [7].
Finally, strains may alter stool consistency, gas production, and intestinal motility [8]. It is significant to
remember that probiotics do not need to colonize the host to have positive effects because they are
administered during intestinal transit [9]. Pre-, pro-, and synbiotics have been studied in both pre-clinical
and clinical research in a variety of contexts relevant to patients with cancer. Mammalian microbiota’s
potential to influence cancer therapy toxicity and effectiveness as well as tumor genesis, cell growth, and
metastasis is gaining more scientific support [10]. Before examining the data supporting the use of pre-,
pro-, and synbiotics in the prevention and treatment of cancer, we will briefly explore the broad
anticancer mechanisms of these symbiotic agents.

Mechanisms of pre-, pro- and synbiotics as anticancer agents

Strong evidence suggests that the human microbiome participates in the development of cancer and is an
important member of a trio of "interactomes” that also includes the host and the environment [11, 12]. A
lot of research has been conducted on how the regulation of the microbiome by pre-, pro-, and synbiotics
may help in the prevention and treatment of cancer because of this important role. There are possible
pathways that may be roughly categorized into intestinal barrier function, immunomodulatory,
metabolic, and anti-proliferative effects that support a non-carcinogenic impact of pre-, pro-, and
synbiotics [13].

Intestinal barrier function

One of the fundamental principles of their symbiosis is the physical isolation of the microbiota from the
host. One of the main causes of illness, including cancer, is recognized to be the disruption of the physical
barriers between the microbiota and the host [12]. This barrier in the gut is made up of enterocytes, cell
junction proteins, immune cells, secretory IgA, goblet cells, mucus, Paneth cells, and antimicrobial
peptides (creating the "tight junction" between cells). The intricate and interconnected interaction
between barrier failure, carcinogenesis, and inflammation is best shown by mucin 2 homozygous mutant
mice, which spontaneously develop colorectal cancer (CRC) and lack the intestinal mucus needed to serve
as a barrier. Additionally, patients with ulcerative colitis have impaired barrier function, which raises
their risk of CRC [14, 15]. Probiotics have been shown to enhance the development of epithelial tight
junctions and mucus production in preclinical studies using colonocyte cell lines and animal models [16,
17]. Studies on humans have also shown that probiotic therapy improves colonic epithelial integrity [18,
19]. Additionally, a synbiotic cocktail prevented the growth of CRC in a mouse model by up-regulating
genes linked to the creation of tight junctions and the production of mucus [20].

Immunomodulation

The immune system's development and the activation of an anticancer response, both in the gut and at
other places, depend on the microbiota. The main effectors for locating and eliminating damaged and
possibly cancerous host cells are dendritic cells, natural killer (NK) cells, and T cells [21]. Toll-like
receptors are cell-surface pattern recognition receptors that probiotics use to connect with dendritic
cells, which in turn triggers responses from T cells and NK cells. In both rodent models [22] and human
investigations [23, 24], formulations of probiotics and synbiotics containing Lactobacillus casei or
Bifidobacterium lactis have been demonstrated to increase NK cell activity. Additionally, probiotic-
induced NK cell activity has been found to inhibit cancer development in rodent models [25, 26]. Sivan et
al. (2015) reported an especially intriguing case in which genetically comparable mice kept by several
providers had varied development rates of subcutaneously implanted melanoma cells [27]. When
compared to mice from Jackson Laboratory (JAX), Taconic Farms (TAC) animals showed considerably
faster tumor growth. Prior to the injection of cancer cells into TAC mice, however, oral gavage of live, but
not heat attenuated, Bifidobacterium spp. was able to limit tumor development to that observed in JAX
animals. The researchers came to the conclusion that enhanced dendritic cell activity was responsible for
this anticancer impact [27].

Metabolism

Numerous methods exist through which the metabolic activity of the microbiota might have a co-
suppressive impact. The byproducts of bacterial non-digestible carbohydrate fermentation known as
SCFAs, such as butyrate, acetate, and propionate, operate as a significant source of energy for colonocytes
and have anti-inflammatory, anti-proliferative, and pro-apoptotic effects. Perhaps the most well-
researched SCFA, butyrate causes NF-B downregulation and Treg cell induction [28]. Butyrogenic lactic
acid bacteria can develop more quickly when prebiotics are present. Rats given prebiotics produced more
SCFA had higher relative abundances of Bifidobacteria and were protected from CRC brought on by
chemically induced colitis [29]. However, there have been conflicting findings about how pre-, pro-, or
synbiotic treatment affects SCFA synthesis in humans. In one research, consuming resistant starch for
three weeks (a prebiotic) was shown to raise feces SCFA [30], while in another, giving healthy human
volunteers synbiotics failed to reveal any changes in fecal SCFA content or serum inflammatory markers
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[31]. Because neither research had a sizable sample size (n = 17 at most), neither side can make definitive
conclusions. Through the detoxification of pro-carcinogens, probiotics may also reduce the risk of cancer.
Physiologically beneficial effects have not been seen in vivo investigations despite certain probiotic
strains having cell-surface peptidoglycans that have been proven to bind mutagens in vitro [32].
Antioxidant characteristics in some probiotic strains can prevent carcinogenesis in mouse models [33].
Because they can produce carcinogens from substances found in the gut lumen, $3-glucuronidase and nitro
reductase, for example, are involved in the development of cancer through their actions. Probiotics can
lower the intestinal activity of these enzymes, according to several human investigations [34-36].
Antiproliferative effects

Probiotic strains have been shown to be both pro-apoptotic and anti-proliferative. Cancer cell lines have
been found to be affected by lactic acid bacteria, and comparable effects have been shown in mouse
models [38, 39]. Different mechanisms have been put forth to explain these effects. Tumor Necrosis
Factor and caspase-dependent apoptosis can be induced by altering cell signaling cascades (such as NF-B
and MAPK), whilst SCFAs like butyrate can suppress cell proliferation by inhibiting histone deacetylase
[40]. Probiotics have antigenotoxic characteristics in animals exposed to mutagens, and DNA damage is
frequently both a cause and a driver of unchecked cancer cell growth [41]. Sadly, not much research has
looked at how pre-, pro-, or synbiotics affect human cellular proliferation. According to Worthey et al
[31], administering a synbiotic to human volunteers had no impact on the expression of the epithelial
proliferation marker ki67 or the cellularity of the crypts in later rectal biopsies. Though O'Keefe et al did
discover that moving from a low-fiber, high-animal fat diet to a high-fiber (resistant starch), low-animal
fat diet decreased ki67 staining in intestinal mucosal biopsies in their well-conducted dietary swap trial
[42]. It is impossible to attribute these changes explicitly to the fiber element given the nature of the
dietary adjustment, but the findings are unquestionably intriguing.

Cancer prevention

Due to the colorectal cancers (CRC) widespread occurrence, the high density of microbiota in the colon
(orders of magnitude greater than any other host niche), and the significant influence of environmental
(rather than genetic) risk factors, probiotics' effects on CRC are among the topics of research that have
received the most attention. Large-scale epidemiological studies have looked at the effects of yogurt and
unpasteurized milk intake, which often include living microorganisms, even though no long-term
prospective cohort investigations are looking at the effect of pre, pro, or synbiotic usage on CRC incidence.
A prospective cohort study of 45,241 people found a significant relationship between higher versus lower
yogurt consumption and a reduced risk of CRC (hazard ratio 0.65, 95% confidence interval (CI) 0.48-
0.89) [43] while a study of 41,836 people found a relationship between unpasteurized milk consumption
and a reduced risk of rectal (but not colon) cancer (relative risk (RR) 0.26, 95% CI 0.1-0.69) [44].
Consuming milk that has undergone fermentation or culture has also been linked to a reduced incidence
of bladder cancer [45, 46]. However, a meta-analysis found no significant connection between CRC and
milk or all dairy products alone [47], while milk and total dairy products were linked with a lower risk of
CRC (RR 0.81, 95% CI 0.74-0.90). The evidence is intriguing but debatable, and there is a paucity of
prospective data on pre-, pro-, and synbiotic usage in general as well as on primary cancer risk, as is the
case with many epidemiological studies of dietary variables. A few studies have examined their function
in reducing the risk of recurring cancer. Rafter et al [48] showed that various CRC indicators, including
DNA damage and cellular proliferation, improved in the intervention group in a randomized controlled
trial (RCT) comparing synbiotics to placebo in polypectomies or CRC patients. The secondary prevention
of cancer recurrence in individuals with a history of CRC, however, was not found to be avoided by
synbiotic treatment in a different study [49]. High dietary fiber consumption was found to be related to a
decreased relative risk of eventual advancement to CRC (RR 0.72, 95% CI 0.63-0.83) in a meta-analysis
involving approximately 11,000 participants with colorectal adenomas [50]. Interestingly, oral
Lactobacillus casei Shirota treatment has shown more promise in preventing recurrent bladder cancer
(after transurethral resection), with positive outcomes reported in two human studies as compared to
placebo [49, 51].

Cancer treatment

It is not novel for bacterial agents to be employed in the therapy of cancer; since 1977, superficial bladder
cancer has been effectively treated with Bacillus Calmette-Guérin implantation. Probiotics have been
proven to have direct anticancer benefits in several mouse models (mentioned above), and researchers
are looking at how bacteria may be genetically engineered for increased anticancer efficacy or employed
as delivery systems for chemotherapeutics. The primary use of microbiome modifying treatment in
treating human cancer, however, is now as an adjuvant therapy, enhancing the efficacy and/or reducing
the side effects of chemotherapy, radiation, antibiotics, and surgery.
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Chemotherapy and radiotherapy

It is important to draw attention to the specific circumstances in which probiotics may be advantageous
[52]. The interaction between chemotherapeutic drugs and the microbiota has already been covered in
great detail elsewhere in this special issue. The healthy gut microbiome has a varied microbial population
as a vital component, and current research indicates that this community may also affect chemotherapy
response and overall cancer survival. The role of the microbiota in chemotherapeutic drug anticancer
activity has been emphasized in murine models [53, 54]. Low microbial diversity was separately linked to
both a lack of clinical response to an immune checkpoint inhibitor in patients with advanced melanoma
[56] and a decreased survival in patients following allogeneic hematopoietic stem cell transplantation
[55].

Additionally, it has been demonstrated that chemotherapy itself substantially decreases microbial
diversity [57]. As a way to preserve variety and enhance the efficiency of chemotherapy in this situation,
pre- and probiotic treatment may be taken into consideration before and concurrently with
chemotherapy. Although studies addressing this issue have not yet been published, it is an intriguing area
for further research. Following pelvic radiation, which is frequently given to patients receiving treatment
for urgynecological or rectal malignancies, changes in bowel function have been well-documented. The
involvement of the microbiota in radiation-induced intestinal damage and the potential therapeutic use of
probiotics are topics of considerable interest [58].

Following pelvic irradiation, dysbiosis has been linked to the emergence of postradiotherapy diarrhea
[59], and several randomized trials have shown that probiotics can lessen the GI adverse effects of
radiation [60]. Similar to GI mucositis, which can be dose- or treatment-limiting, is a frequent side effect
of several chemotherapy drugs. Probiotics may interfere with the pathogenesis of mucositis on several
levels, including triggering cytoprotective pathways, reducing reactive oxygen species, displacing
pathogenic bacteria, and maintaining the integrity of the intestinal barrier. In 150 patients undergoing 5-
fluorouracil-based chemotherapy for CRC, a randomized trial comparing probiotic supplements to
placebo revealed substantially less grade 3/4 diarrhea in the intervention group (22 versus 37%, p =
0.027) [61]. Additionally, a meta-analysis has demonstrated that using probiotic supplements helped
cancer patients experience less diarrhea (odds ratio antibiotics (OR): 0.52; 95% confidence interval (CI):
0.34-0.78) [62]. Expert recommendations have recently been published and encourage the use of
probiotics including Lactobacillus in patients receiving chemotherapy or radiation for pelvic cancer in
order to avoid diarrhea [63].

CONCLUSION

To sum up, pre-, pro-, or synbiotics have a lot of potential for preventing and treating cancer, but the
science is still extremely young. Although there are well-established mechanisms through which
probiotics may have positive benefits, clinical investigations tend to be scarce, small, heterogeneous, and
frequently prone to bias [62]. It is difficult to infer that these treatments are more effective at preventing
cancer than a balanced diet that is low in animal meat and rich in fiber, but many Westerners do not eat
this way and have additional cancer risks factors, such as obesity and diabetes. The expenditures of long-
term usage would not be small, but the hazards of taking pre- and probiotic supplements seem to be quite
low. The most important research to determine any reduction in cancer risk is prospective longitudinal
cohort studies. A stronger body of research supports the use of pre-, pro-, and synbiotics as adjuncts in
the treatment of cancer. There is moderate evidence to support their usage, in particular, in the avoidance
of infectious problems after surgery, antibiotic-associated diarrhea, and diarrhea linked to chemotherapy
or radiation for pelvic cancer. Randomized interventional studies on people are crucial for understanding
the possible advantages of co-administration with immunotherapy. However, for patients to gain the
most from probiotics, we need to have a better understanding of the precise formulations that are
effective in certain patient cohorts. Probiotic and prebiotic research is advancing at a fast rate, especially
in the field of cancer where several promising therapeutic advantages are tantalizingly near. However, to
achieve them, there must be a strong emphasis on performing high-quality, well-reported studies.
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