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A B S T R A C T

Gastrointestinal cancers rank among the most common malignancies globally, and although surgical resection 
remains the cornerstone of curative therapy, it is associated with considerable postoperative morbidity and 
mortality. Emerging evidence suggests that the gut microbiome is a critical determinant in the pathogenesis of 
postoperative complications, including surgical site infections, anastomotic leakage, and postoperative ileus. 
Microbiome-targeted interventions – including probiotics, prebiotics, and synbiotics – have shown promise in 
modulating microbial communities and supporting postoperative recovery; however, clinical efficacy remains 
inconsistent, and standardized perioperative protocols are yet to be established. This review summarizes current 
evidence on the interactions between gastrointestinal cancer surgery and the perioperative gut microbiome, 
emphasizing opportunities to harness microbiome-targeted interventions to reduce complications and enhance 
recovery.

1. Introduction

Gastrointestinal (GI) cancers, encompassing gastric and colorectal 
malignancies, rank among the leading causes of cancer-related 
morbidity and mortality worldwide [1]. Surgical resection remains the 
cornerstone of curative treatment for most of these cancers, but despite 
advances in surgical techniques, patients undergoing GI cancer surgery 
remain at substantial risk of postoperative complications, including 
surgical site infections, anastomotic leaks, and other adverse events. 
Beyond acute complications, surgery can also result in long-term im
pairments in quality of life, limiting overall recovery, increasing 
healthcare costs, and imposing a considerable burden on patients and 
healthcare systems [2,3].

In recent years, accumulating evidence has underscored the pivotal 
role of the gut microbiome in shaping surgical outcomes. The periop
erative period represents a particularly vulnerable window, during 
which antibiotic use, dietary changes, surgical stress, anesthesia, and the 
presence of malignancy can disrupt microbial homeostasis. Such per
turbations may contribute to postoperative complications and delay 
recovery, highlighting the importance of understanding microbiome 

dynamics in the surgical context [4].
Probiotics, prebiotics, and synbiotics represent emerging strategies 

to manipulate the gut microbiome, with studies indicating their capacity 
to restore microbial balance and support key functional processes [5]. 
Probiotics introduce live beneficial microorganisms, prebiotics selec
tively promote the growth of advantageous bacteria, and synbiotics 
combine both approaches to enhance microbial balance and mitigate 
inflammation. Perioperative administration of these interventions has 
shown potential to attenuate inflammation, support mucosal healing, 
strengthen immune defenses, and consequently reduce postoperative 
complications such as infections while promoting overall recovery [5,6].

Despite these promising findings, microbiome-targeted strategies 
have not yet been routinely integrated into clinical practice for GI cancer 
surgery. This narrative review therefore provides a comprehensive 
overview of current evidence regarding the bidirectional interactions 
between GI cancer surgery and the perioperative gut microbiome, how 
these microbial dynamics influence surgical outcomes, and the potential 
interventions that may enhance postoperative recovery and long-term 
patient prognosis. The interplay between the microbiome and surgical 
outcomes is summarized in the Graphical Abstract.
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2. Methods

A literature search was performed using PubMed (https://pubmed. 
ncbi.nlm.nih.gov/) and ClinicalTrials.gov (https://clinicaltrials.gov/) 
between January 17 and October 15, 2025. The search strategy com
bined keywords including “probiotics”, “prebiotics”, “synbiotics”, 
“gastric”, “gastrointestinal”, “colorectal”, “colon”, “cancer”, “surgery”, 
“microbiome”, “perioperative”, “prophylaxis”, “oral”, “perioral”, “anti
biotics”, “therapy”, “diet”, “outcomes”, “prehabilitation”, and “me
chanical bowel preparation”. Peer-reviewed, English-language studies 
focusing on adult patients (≥18 years) undergoing GI cancer surgery 
were included. The review specifically included interventions involving 
microbiome-targeted therapies—such as probiotics, prebiotics, syn
biotics, dietary modifications, and mechanical bowel preparation 
(MBP)—and their impact on postoperative outcomes. To maintain 
clinical relevance to surgical oncology, studies focused exclusively on 
non-surgical treatments or non-malignant conditions were excluded. 
Reference lists of relevant publications were manually screened to 
identify additional pertinent studies.

3. Literature review

3.1. Impact of perioperative interventions and surgery on the gut 
microbiome

Perioperative factors such as antibiotic use, dietary changes, surgery- 
induced anatomical alterations, and surgical stress – can disrupt the gut 
microbiome. While most studies emphasize the microbiome's impact on 
recovery, these interventions themselves reshape microbial composition 
and function. This section outlines the main perioperative influences on 
the gut microbiome.

3.1.1. Impact of perioperative antibiotics on surgical outcomes
Prophylactic antibiotics remain the cornerstone of surgical site in

fections (SSIs) prevention in gastrointestinal (GI) surgery. Current 
guidelines recommend limiting intravenous (IV) prophylaxis to the 
intraoperative period or within 24 h postoperatively, unless infection is 
present [7,8]. Antibiotic choice should match surgical site flora: colo
rectal procedures, for instance, require both aerobic and anaerobic 
coverage, typically achieved with cephalosporins or ampi
cillin–sulbactam, and clindamycin or metronidazole combinations for 
β-lactam-allergic patients [9,10].

IV antibiotics are considered the standard due to reliable pharma
cokinetics and proven SSIs reduction [11], though they may inadver
tently disturb non-target microbial communities, lowering gut diversity 
and increasing postoperative complication risk [12]. Perioperative 

cefazolin or clindamycin can reduce Lachnospiraceae and increase 
Porphyromonadaceae, whereas metronidazole and vancomycin mainly 
decrease microbial density without major compositional shifts [13,14]. 
Oral regimens, acting directly in the lumen, achieve high local con
centrations that diminish bacterial load and alter diversity [15]. Com
bined oral and IV prophylaxis with MBP increases Enterococcus, 
Lactococcus, and Streptococcus abundance for up to 30 days post
operatively [16,17], indicating localized dysbiosis with limited systemic 
impact.

Despite microbiome disruption, oral antibiotics – especially with IV 
agents and MBP –consistently lower SSI rates. Studies in colorectal 
cancer (CRC) surgery reported odds ratios as low as 0.37 for combined 
prophylaxis [18] (Table 1). Evidence for oral-only regimens remains 
inconsistent, with some trials showing no additional benefit [19] while 
others even reported worse outcomes with oral-only regimens in colo
rectal surgery [20]. Several ongoing trials (e.g., NCT05164887, EUCT 
2025-520725-20-00, and NCT03663504) are expected to clarify the 
independent role of oral prophylaxis [21–23].

The heterogeneous effects of oral antibiotic prophylaxis observed 
across studies in Table 1 largely reflect differences in trial design, study 
populations, and perioperative management. Several trials conducted in 
Japan and China were open-label or single-blinded, which may have 
influenced perioperative management and SSI assessment, whereas the 
French multicenter RCT used double-blinding but included both lapa
roscopic and open surgery, introducing greater clinical heterogeneity. In 
addition, regional differences in bowel preparation practices and 
healthcare settings, together with variation in IV antibiotic type, oral 
antibiotic combinations, and timing of oral administration, complicate 
cross-study comparability. Together, these factors likely contribute to 
the variability in outcomes observed across trials, while the more 
consistent benefit of combined oral–IV prophylaxis supports a protective 
effect on SSI risk.

In summary, IV antibiotic prophylaxis remains the standard of care 
in GI surgery. Adding oral antibiotic prophylaxis with MBP offers further 
SSI reduction, though the benefit of oral-only regimen is unclear.

3.1.2. Mechanical bowel preparation and uncertainty of its clinical impact
The role of MBP in GI surgery remains controversial. Evidence sup

porting its benefit alongside standard IV antibiotic prophylaxis for 
colonic surgery is limited. A meta-analysis of 5805 patients found no 
clear advantage of MBP alone, though a potential role in rectal surgery 
was suggested [27]. Nevertheless, MBP remains common practice, 
partly due to findings from the GRECCAR III and MOBILE2 randomized 
controlled trials (RCTs), which reported reduced postoperative compli
cations when MBP was combined with oral antibiotics [28,29].

Oral MBP typically involves low-dose polyethylene glycol with 

Table 1 
Randomized controlled trials evaluating surgical site infection outcomes in colorectal cancer surgery using oral and 
intravenous antibiotic prophylaxis with mechanical bowel preparation [24–26].

OA – oral antibiotics, IVA – intravenous antibiotics, MBP – mechanical bowel preparation.
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electrolytes, producing an osmotic effect that flushes bowel contents. 
This process alters colonic pH and oxygen levels, deprives mutualistic 
microbes of nutrients, and induces both mechanical and physiological 
disruptions [30]. However, MBP is frequently associated with adverse 
effects such as vomiting, abdominal pain, hypovolemia, and metabolic 
disturbances [31]. It also provokes inflammatory and structural changes 
in the colon [32], and shifts in the gut microbiome resembling those seen 
in inflammatory bowel disease [33].

Rectal enema serves as an alternative but is less frequently used. In 
rectal cancer surgery, enemas can achieve comparable bowel cleansing 
to oral MBP [34]. Recent trials indicate that both approaches induce 
similar levels of dysbiosis [35]. Patients who developed postoperative 
infections exhibited distinct microbial profiles – enriched with Actino
myces, Sutterella, and Enterococcus faecalis – by postoperative day 6. 
Another study found that preoperative antibiotics and MBP exert only 
minor effects on mucosa-associated microbiome [36].

In summary, while MBP remains widely practiced, its clinical value is 
uncertain. Both oral and rectal preparations disrupt the gut microbiome 
and promote transient dysbiosis, but current evidence does not clearly 
link these microbial changes to postoperative outcomes.

3.1.3. Nutritional support of microbial homeostasis
Cancer patients are at high risk of preoperative malnutrition, often 

due to GI symptoms that limit intake, yet only about 40% receive 
adequate nutritional support [37]. Up to 55% of patients eat less after 
diagnosis, and roughly 40% of CRC patients are malnourished [38]. GI 
surgery further exacerbates this through preoperative fasting, delayed 
feeding, and impaired GI function, compounded by anorexia, obstruc
tion, and metabolic disturbances [39,40]. Malnutrition increases post
operative complications, delays adjuvant therapy, and worsens 
prognosis, particularly after GI surgery [41].

The gut microbiome contributes to digestion, nutrient absorption, 
and the production of key metabolites that maintain host health. Cancer 
therapy and surgery disrupt these microbial networks, influencing re
covery and long-term outcomes. Altered taste perception – common in 
cancer patients – may also involve microbiome-driven mechanisms, as 
shown by animal studies linking microbial shifts to sensory changes 
[42].

Enhanced Recovery After Surgery (ERAS) protocols emphasize early 
oral or enteral feeding to reduce these complications [43]. Guidelines 
recommend enteral nutrition (EN) as first-line, with parenteral nutrition 
(PN) reserved for patients unable to meet caloric needs enterally [44]. 
EN lowers infection rates by maintaining mucosal integrity; in contrast, 
absence of EN promotes barrier dysfunction and bacterial translocation 
[45]. In a recent study of laparoscopic gastric cancer patients, Lin et al. 
(2025) found that ERAS protocols improved probiotic abundance and 
sustained gut microbiome recovery for up to one month postoperatively 
[46].

In summary, maintaining nutritional adequacy and early EN are key 
to optimizing outcomes in GI cancer surgery, with growing evidence that 
diet and microbiome modulation jointly influence recovery and long- 
term prognosis.

3.1.4. Anatomical changes and surgery-induced physical stress
Preclinical studies have shown that surgical intervention can alter 

gut microbial composition. Nevertheless, the extent to which these 
changes occur in clinical settings remains poorly characterized. Under
standing surgery-induced perturbations of the intestinal microbiome is 
critical, as they may influence postoperative recovery and long-term 
outcomes.

A systematic review and meta-analysis of 33 studies (6 RCTs, 27 
prospective cohorts; n = 968) reported consistent microbiome alter
ations following GI surgery, including increased alpha diversity of 
microbiome and distinct shifts in beta diversity [47]. Taxonomic 
changes involved higher abundances of Verrucomicrobia, Fusobacteria, 
Lactobacillales, Ruminococcaceae, and genera such as Streptococcus, 

Akkermansia, Veillonella, and Bacteroides, with reductions in Bifido
bacteriaceae and Bifidobacterium. At the species level, Akkermansia 
muciniphila, Klebsiella pneumoniae, Escherichia coli, and Streptococcus 
salivarius increased, whereas Eubacterium rectale decreased. Regional 
differences were also observed between Western and Eastern 
populations.

Subtotal gastrectomy with Billroth II reconstruction was specifically 
linked to increased colonization by oral bacteria due to elevated gastric 
pH and reduced barrier function [48]. This “oralization” of the gut 
microbiome – characterized by enrichment of Escherichia–Shigella, 
Enterococcus, and oral taxa such as Streptococcus, Veillonella, Oribacte
rium, and Mogibacterium – was associated with intestinal inflammation 
and GI symptoms.

In summary, GI surgery and related anatomical changes induce 
marked shifts in gut microbial composition, shaped by surgical type and 
physiological stress. These alterations may affect recovery, infection 
risk, and long-term outcomes, underscoring the need for further clinical 
research to guide microbiome-targeted perioperative strategies.

3.2. Gastrointestinal microbiome in the development of postoperative 
complications

3.2.1. Surgical Site Infections (SSIs)
The gut microbiome is vital for maintaining intestinal barrier 

integrity, a key factor in favorable surgical outcomes. A balanced 
microbiome supports mucosal health through short-chain fatty acid 
(SCFA) production, competitive pathogen exclusion, and immune 
modulation [49]. Disruption of this balance increases gut permeability, 
allowing bacterial and inflammatory translocation into the systemic 
circulation, which promotes chronic inflammation, immune dysregula
tion, and infection susceptibility [50].

Unlike sterile procedures, GI cancer surgery occurs in a microbially 
rich environment, making infection control challenging. Surgical 
disruption of the mucosal barrier facilitates bacterial translocation into 
sterile tissues, increasing the risk of SSIs, intra-abdominal abscesses, and 
sepsis [51]. Consequently, GI surgery carries some of the highest SSI 
rates among all surgical procedures [52] leading to prolonged hospi
talization, higher costs, and poorer outcomes [53].

Traditionally, SSIs were attributed to intraoperative contamination; 
however, evidence suggests this is insufficient to cause infection. Studies 
show that up to 80% of patients with positive intraoperative wound 
cultures remain infection-free, and pathogen overlap between intra
operative and postoperative isolates is often limited [54,55]. These 
findings indicate that factors beyond operative contamination – such as 
host microbiome composition – play a critical role.

Emerging data suggest that endogenous microbes from the oral 
cavity [56] or gut [57] may contribute to SSIs through mechanisms such 
as the “Trojan horse” hypothesis. In this model, bacteria survive within 
phagocytes and are transported to surgical sites, where they are released 
and trigger infection [57]. Staphylococcus aureus exemplifies this process 
due to its ability to evade phagocytic clearance [58]. Although this 
mechanism is mainly supported by preclinical studies, clinical data show 
that patients developing infectious complications after colorectal sur
gery have distinct preoperative microbiome profiles, implicating dys
biosis in SSI risk [35].

These findings align with the growing understanding that gut dys
biosis may be a central contributor to infection risk following GI surgery 
[59]. Dysbiosis compromises colonization resistance and promotes the 
overgrowth of pathogens such as Klebsiella, which has been linked to 
epithelial invasion and S. aureus co-infection in CRC patients [60]. It also 
leads to the accumulation of toxic metabolites that damage the intestinal 
barrier and promote microbial translocation, fueling local and systemic 
inflammation [61]. Moreover, loss of beneficial microbes impairs 
mucosal healing by reducing metabolites critical for tissue repair and 
immune regulation [62].

In summary, gut dysbiosis is increasingly recognized as a key 
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contributor to postoperative infections after GI cancer surgery. Its effects 
extend beyond local microbial imbalance to include immune modula
tion, metabolite depletion, and barrier dysfunction. Further mechanistic 
and translational studies are needed to clarify these interactions and 
develop targeted microbiome-based interventions to reduce SSI risk.

3.2.2. Anastomotic Leakage (AL)
AL is one of the most serious complications after colorectal surgery 

[63], with reported incidence rates up 21% [64and30]-day mortality 
rates reaching 38% [65]. Growing evidence suggests that gut micro
biome alterations contribute to AL pathogenesis [66,67].

Patients with AL often show distinct microbial signatures compared 
with uncomplicated cases. Praagh et al. (2019) showed significantly 
reduced microbial diversity in AL patients, along with increased relative 
abundances of bacterial families such as Lachnospiraceae and Bacter
oidaceae [66]. Similarly, Jørgensen et al. (2024) found lower alpha di
versity and a higher abundance of collagenase-producing taxa in AL 
cases after CRC surgery [67]. At the species level, Palmisano et al. 
(2020) observed a marked reduction in Faecalibacterium prausnitzii, a 
key butyrate-producing bacterium, suggesting that impaired butyrate 
metabolism may hinder mucosal repair [68].

Mechanistically, bacteria such as Enterococcus faecalis and Fuso
bacterium nucleatum can disrupt healing by secreting collagenases that 
degrade the extracellular matrix and by activating host matrix 
metalloproteinase-9 (MMP-9) [67,69,70]. Elevated MMP-9 levels in 
postoperative drain fluid have been correlated with AL severity [71]. 
Beyond proteolytic injury, microbiome disruption reduces SCFA pro
duction – especially butyrate – compromising colonocyte energy supply, 
re-epithelialization, and barrier integrity [72].

Taken together, dysbiosis characterized by reduced diversity, loss of 
butyrate-producing taxa, and enrichment of collagenase-secreting bac
teria appears closely associated with AL. Although collagenolytic strains 
are a known risk factor for AL, their preoperative detection remains 
underused. Rapid molecular tools such as quantitative PCR and micro
bial identification panels exist but are not yet part of routine care. 
Prospective clinical trials are needed to define diagnostic thresholds and 
validate their predictive value for AL.

3.2.3. Other surgical complications
Several postoperative complications following GI surgery have been 

linked to gut microbiome alterations. Postoperative ileus, occurring in 
10–30% of patients after abdominal surgery [73], has been increasingly 
linked to gut microbiome alterations. Shogan et al. (2020) reported 
higher abundances of pro-inflammatory taxa such as Bacteroides, Para
bacteroides, and Ruminococcus in patients who developed ileus [74].

During colorectal surgery, loop ileostomy is often constructed to 
divert fecal flow and protect the anastomosis. The defunctionalized 
colon may develop diversion colitis, an inflammation of the excluded 
segment in patients without prior inflammatory bowel disease [75]. This 
condition is thought to result from microbiome imbalance and decreased 
SCFAs production, with an inverse correlation observed between Bifi
dobacterium abundance and colitis severity [76].

Pouchitis, affecting up to 50% of patients after restorative procto
colectomy for ulcerative colitis [77], is similarly been associated with 
reduced microbial diversity and depletion of butyrate-producing genera 
including Ruminococcus, Lachnospira, and Coprococcus [78]. Preopera
tive enrichment of potentially pathogenic taxa, including Ruminococcus 
gnavus, Bacteroides vulgatus, and Clostridium perfringens, along with 
reduced Lachnospiraceae, has been linked to higher pouchitis risk [79].

Together, these findings indicate that distinct microbiome pertur
bations may underline different postoperative complications, high
lighting the importance of mechanistic research to clarify causal 
pathways and guide the development of targeted microbiome- 
modulating strategies in surgical patients.

3.3. Gut microbiome–targeted strategies in perioperative care

3.3.1. Probiotics
Recently, interventions targeting the GI microbiome have garnered 

increasing interest in their potential to improve patient outcomes. Pro
biotics have been investigated for their capacity to support post
operative recovery and mitigate complications. Several studies have 
specifically examined the effects of probiotics in gastrectomy, reporting 
encouraging results.

In gastric cancer surgery, several randomized trials report favorable 
outcomes. Supplementation with mixed probiotic formulations – typi
cally including Lactobacillus plantarum, L. acidophilus, L. rhamnosus, and 
Bifidobacterium animalis subsp. Lactis – before or after gastrectomy 
reduced inflammation, enhanced immune recovery, and promoted mi
crobial diversity [80,81].

Similar benefits have been demonstrated in CRC surgery. Probiotics 
improved bowel function, maintained mucosal integrity, and lowered 
infection and inflammation markers [82–84]. Some studies further 
showed modulation of gut composition, with increased 
butyrate-producing genera and decreased potentially pathogenic taxa 
(Fusobacterium, Peptostreptococcus) [85].

Despite these encouraging results, clinical outcomes remain incon
sistent. This variability is primarily driven by several factors such as 
dosage heterogeneity and strain specificity. As evidenced in Table 2, 
daily dosage of probiotics significantly varies between the studies (from 
4.65 × 106 CFU/day to 2.6×1014 CFU/day). Additionally, many studies 
utilize multi-strain probiotic cocktails where the functional contribution 
of individual species remains unknown. However, there are some spe
cies that overlap in analysed gastric and CRC studies. Some examples are 
different strains of Lactobacillus acidophilus (10 studies out of 14), Bifi
dobacterium animalis subsp. lactis (7 studies out of 14), and Bifidobacte
rium longum (6 studies out of 14). However, even within the same 
species, different strains may produce vastly different metabolic effects, 
and it should be taken into consideration.

3.3.2. Prebiotics and synbiotics
Limited data from RCTs exist regarding the effects of prebiotics alone 

in perioperative GI cancer patients, as reflected by the relatively few 
publications on the topic (Table 3). Consequently, the independent role 
of prebiotics in the perioperative period remains a significant knowledge 
gap, as most current evidence is limited to synbiotic combinations rather 
than isolated fiber-based interventions. However, a randomized study 
by Xie et al. (2019) reported that oral prebiotic supplementation with 
the mixture of equal parts fructooligosaccharides, xylooligosaccharides, 
polydextrose, and resistant dextrin increased serum immunoglobulin G 
(IgG), IgM, and transferrin levels in both pre- and postoperative phases, 
suggesting improved immune function [94].

Synbiotics—combinations of probiotics and prebiotics—have been 
more widely investigated. Several RCTs in patients undergoing major 
abdominal procedures, including hepato-pancreato-biliary surgery and 
liver transplantation, have shown reduced postoperative infectious 
complications with synbiotic use [95,96].

However, the impact of preoperative synbiotic use in GI cancer 
surgery remains relatively underexplored, as most studies in GI surgery 
have focused on the perioperative administration of probiotics. How
ever, synbiotics may offer additional benefits beyond merely enhancing 
peristalsis. The inclusion of a prebiotic component can enhance the 
survival and activity of probiotics, potentially amplifying their positive 
effects on gut health, immune modulation, and postoperative recovery 
[97]. A randomized, double-blind clinical trial conducted in 2017 
demonstrated that the perioperative administration of synbiotics 
significantly reduced postoperative infection rates in patients undergo
ing CRC surgery [98]. Similarly, Polakowski et al. (2019) found that 
seven days of preoperative synbiotic therapy reduced systemic inflam
mation, postoperative morbidity, hospital stay, and antibiotic re
quirements [89]. More recently, Stene et al. (2025) observed that 
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Table 2 
Summary of probiotic usage in gastrointestinal cancer surgery. The usage of specific probiotic strains is marked in the dark green/blue cells. 
Names of the bacterial strains are provided inside the cells, where available [86–93].

CFU – colony forming units, NA – not available.

Table 3 
Summary of randomized clinical trials investigating the use of synbiotics and prebiotics in colorectal cancer patients.

CFU – colony forming units, CRP – C-reactive protein, IL-6 – interleukin-6, RCT – randomized clinical trial.
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synbiotics reduced tissue inflammation and fibrosis in rectal cancer 
patients undergoing neoadjuvant radiotherapy, though effects were 
localized due to short intervention duration [99]. Conversely, a large 
RCT (2016; n = 379) found no significant reduction in infectious com
plications following laparoscopic colorectal resection despite perioper
ative synbiotic use [100].

3.4. Establishing causality: insights from preclinical models

A significant challenge in human microbiome research is the diffi
culty of establishing definitive causality, as perioperative dysbiosis is 
often confounded by surgical stress, antibiotic administration, and 
nutritional changes. However, preclinical models provide essential 
mechanistic insights that suggest the microbiome is an active driver of 
surgical outcomes. For instance, in vivo animal models have demon
strated that surgical stress can trigger a “phenotypic switch” in pathogens 
such as E. faecalis, inducing the production of collagenases that directly 
degrade the host's anastomotic tissue [69]. Furthermore, the loss of 
butyrate-producing taxa—a common clinical finding—has been shown 
in laboratory models to compromise colonocyte energy metabolism, 
leading to gut barrier failure and bacterial translocation [101,102]. In 
murine models, gut colonization with methicillin-resistant Staphylo
coccus aureus has been shown to directly cause SSIs via immune cell 
mediated transport from the intestine to the wound, providing evidence 
of microbiome-driven causality [57]. By integrating these mechanistic 
findings, it becomes clear that microbiome-targeted interventions are 
not merely treating a marker of disease but are addressing a funda
mental causal pathway in surgical recovery.

3.5. Conclusions and future research directions

In summary, our review highlights that while specific inter
ventions—most notably probiotics—show promise in mitigating peri
operative dysbiosis, the field is currently characterized by significant 
heterogeneity in protocols. There is currently no consensus regarding 
the most efficacious probiotic species or strains, nor is there a stan
dardized approach to bacterial concentration or dosage regimens. 
Furthermore, while probiotics demonstrate the most visible clinical 
benefits to date, prebiotics and synbiotics remain significantly under
studied; This lack of isolated data prevents a comprehensive evaluation 
of specific prebiotic fibers or their synergistic combinations in the sur
gical context.

Despite these gaps, the evidence underscores the critical role of the 
microbiome during the pre- and perioperative periods. Gut dysbiosis is 
increasingly recognized as a key contributor to postoperative infections 
following GI cancer surgery. Specifically, microbial signatures domi
nated by an overrepresentation of pathogens (such as E. faecalis, 
F. nucleatum), alongside a depletion of SCFA-producing taxa, emerge as 
frequent precursors to severe postoperative complications.

To address these limitations, future research must transition from 
descriptive studies toward longitudinal multi-omics analysis — inte
grating metagenomics with metabolomics to move beyond taxonomic 
identification and toward a functional understanding of microbial ac
tivity. Furthermore, large-scale, high-quality RCTs should be prioritized 
to validate the efficacy of probiotics, prebiotics, and synbiotics and to 
identify the most effective therapeutic regimens. The potential of other 
microbiome-targeting interventions in high-risk patients warrants 
investigation, particularly focusing on the concept of “precision pre
habilitation”. This approach involves tailoring interventions, such as 
fecal microbiota transplantation or targeted dietary supplementation 
protocols, to a patient's unique baseline microbial profile to optimize 
surgical outcomes.

However, the transition to clinical practice faces significant hurdles. 
Potential barriers to implementation include the high cost and technical 
complexity of high-resolution sequencing, a lack of international stan
dardization in sampling protocols, and patient adherence to intensive 

preoperative regimens remain a critical factor for success. Advancing GI 
cancer surgery will require tailored, microbiome-directed strategies that 
account for individual microbial and clinical profiles. Harnessing pre
dictive microbial signatures to guide precision interventions, in 
conjunction with standardized perioperative protocols, could reduce 
postoperative complications, enhance recovery, and improve long-term 
patient outcomes. Translating these approaches into clinical practice 
will depend on well-designed clinical trials and integrative multi-omics 
analyses to establish robust, evidence-based guidelines.

Advances in artificial intelligence (AI) and neural network–based 
analytics may help address several of the field's current limitations. By 
integrating metagenomic, metabolomic, and clinical variables, these 
models could potentially identify early dysbiosis patterns associated 
with postoperative risk. AI-driven frameworks also hold promise for 
detecting segment-specific dysbiosis along the colon—an underexplored 
yet clinically meaningful dimension that may further refine patient- 
tailored perioperative management. Importantly, such approaches 
may also support the selection of the most appropriate microbiome- 
targeted intervention—whether probiotic, prebiotic, synbiotic, or 
alternative strategies—based on a patient's individual microbial and 
metabolic profile. These tools could support more precise, microbiome- 
informed interventions and accelerate the translation of multi-omics 
insights into clinically actionable perioperative strategies.
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review & editing, Writing – original draft, Conceptualization. Angela 
Horvath: Writing – review & editing, Supervision. Tomas Poškus: 
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