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Colorectal cancer (CRC) is one of the most common 
cancers worldwide with a high economic burden associated. 
It represents about 10% of all cancer causes and, despite 
the advances in diagnosis and treatment, it is associated 
with high rates of morbidity and mortality remaining as the 
second leading cause of cancer-related deaths (1). Although 
several efforts have been made to understand the mechanisms 
involved in CRC development and progression, the exact 
etiology of CRC remains uncertain (2). The majority of 
CRC cases occur sporadically, with lifestyle factors such 
as obesity, consumption of diets rich in fat and/or red 
and processed meat, toxic habits (smoking and alcohol 
abuse), and environmental pollution being linked to the 
onset and progression of CRC (3). In addition, alterations 
in gut microbiota profiles characterized by an increase 
in opportunistic pathogens alongside reduced levels of 
beneficial butyrate-producing bacteria such as Bifidobacteria 
or Faecalibacterium prausnitzii, have been associated with the 
development and progression of CRC (3,4).

Surgical resection remains the gold-standard treatment 
for patients with CRC, which involves the removal of the 

affected segment of the colon or rectum along with an 
adequate margin of healthy issue. This typically requires 
the reconnection (anastomosis) of the healthy ends of the 
gastrointestinal tract to restore continuity (5). However, 
postoperative complications are not uncommon in these 
patients, including wound infections or bleeding, which 
contribute to increased morbidity and mortality rates. 
Among these complications, anastomotic leak (AL) remains 
one of the most challenging following CRC surgery. AL 
refers to the unpredicted breakdown or failure of the 
surgical connection between two segments of the intestine. 
It is associated with severe events such as permanent stoma 
formation, worse prognosis, reduced quality of life and 
increased cancer recurrence together with lower overall 
survival (OS) rates (6). The estimated rates of AL vary 
widely, ranging from 2% to 30% depending on factors such 
as the site of anastomosis, patient comorbidities, and the 
selected surgical procedure. This variability underscores 
the multifactorial nature of the problem (6,7). AL results 
from a complex, dynamic interplay of several factors, 
including individual genetics, the immune system, and the 
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gut microbiota (8,9). All this underscores the need for a 
thorough understanding of the underlying mechanisms in 
anastomotic healing, as well as the risk factors that favor the 
occurrence of AL. Such insights are crucial for developing 
individualized preventive strategies and optimizing 
management. 

Despite advances in treatment and improvements in 
surgery techniques, which have led to a reduction in cancer 
recurrence after CRC surgery, high rates of both local (at 
the anastomotic site and surrounding tissues) and distant 
recurrence persist (10). In this context, the occurrence of 
local recurrences is particularly significant, as it emphasizes 
the potential role of surgical technique and wound healing 
in preventing disease relapse. However, the exact role of AL 
in increased recurrence, as well as the mechanisms involved, 
remains unclear. 

In a recent study published by Hajjar et al., insights 
into the pathophysiology of AL in CRC were provided, 
along with the identification of novel strategies for its 
management and prevention (11). The authors revealed 
that patients who experienced AL after undergoing CRC 
surgery had lower OS and recurrence-/progression-
free survival (RFS/PFS) compared to those without AL, 
independently of the site of anastomosis. Furthermore, 
these results remained consistent even after adjusting for 
confounding factors such as age, sex, cancer stage, or body 
mass index. Additionally, patients with AL exhibited higher 
systemic inflammation rates, as evidenced by significantly 
higher levels of C-reactive protein compared to those 
without AL. These patients with AL also had a lower 
probability of stoma reversal and a decreased rate of stoma 
closure at 5 years post-surgery, which might indicate that 
the aforementioned inflammatory response may play a key 
role in suboptimal recovery. Furthermore, patients with AL 
showed recurrent or progressive tumors in both proximal 
and distal CRC, affecting various sites including the colon, 
peritoneum, liver or lungs, lymph nodes, bone, and skin. 
These results were in line with previous studies suggesting 
that the occurrence of AL is associated with an increased 
risk of local recurrence, reduced OS, and disease-free 
survival (12,13). Overall, these findings demonstrated the 
detrimental effects of AL on the postoperative prognosis 
and quality of life of CRC patients, highlighting the urgent 
need for strategies to prevent and manage AL. 

To further explore the potential mechanisms linking 
AL to cancer recurrence, the authors performed a series of 
animal studies using an experimental model of AL. First, 
they analyzed the impact of AL on local CRC recurrence. 

For that purpose, the authors used mice underwent colonic 
surgery, where the colotomy was closed with either six 
interrupted sutures or 10 sutures, creating two different 
levels of anastomotic healing. Following surgery, mice 
were administered murine CT26 carcinoma cells into the 
colon via enema. The control group received CT26 cells 
without undergoing surgery. The results revealed that while 
the control group showed no tumor incidence, mice with 
poor anastomotic healing (6 sutures) exhibited a higher 
number and larger abdominal tumors compared to those 
with improved healing. Furthermore, mice with weaker 
anastomoses showed a higher prevalence of hemorrhagic 
ascites, leading to increased cancer burden and a higher 
peritoneal cancer index. Interestingly, no spontaneous 
leaks were observed in any of the groups. These results 
suggest that poor anastomotic healing may delay the 
healing process, thereby increasing the risk of AL and local 
recurrence. Overall, these findings highlight the importance 
of optimizing surgical techniques to ensure adequate 
anastomotic healing and therefore, reduce AL risk and local 
recurrence. 

The peroxisome proliferator-activated receptor 
gamma (PPAR-γ) is involved in the regulation of different 
physiological processes such as adipocyte differentiation, 
g lucose  homeostas i s  and  in f l ammat ion  (14-16) .  
Dysregulation of PPAR-γ signaling has been described to 
play a critical role in inflammatory bowel disease (IBD) and, 
more recently, in CRC, where has been associated with 
increased intestinal inflammation and tumor progression (17). 
In a previous study, the same authors suggested that the 
reduction of PPAR-γ activation driven by alterations in 
gut microbiota profiles could underlie the observed causal 
relationship gut microbiota and anastomotic healing (18,19). 
This led the authors to hypothesize that modulation of the 
gut microbiota targeting PPAR-γ modulation prior to CRC 
surgery might represent a potential promising therapeutic 
strategy for reducing AL occurrence. In order to explore 
this proof-of-concept therapeutic strategy, the authors 
carried out a series of elegant in vitro and animal studies. To 
confirm whether the microbiota of patients who developed 
AL was able to reduce the activation of the PPAR-γ, a 
mouse model of fecal microbiota transplantation (FMT) 
from patients who did or did not develop AL was used. 
Notably, mice colonized using samples from AL patients 
showed lower activation of PPAR-γ confirming the author’s 
previous results. These findings have opened a new window 
of opportunity to develop a preoperative therapeutic 
strategy based on the use of a low-risk dietary supplement 
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of inulin targeting this pathway. Inulin is a commonly used 
prebiotic that serves as substrate for commensal bacteria 
of the gut microbiota that are known to be beneficial for 
host health such as Bifidobacterium and Lactobacillus (20). 
These bacteria are responsible for metabolizing inulin 
in the gut into different short-chain fatty acids (SCFAs), 
mainly acetate, propionate, and butyrate. Since inulin is not 
metabolized by the host but by gut bacteria, any potential 
effects resulting from its supplementation are likely due 
to some of the metabolites produced during fermentation. 
Butyrate, for example, is a microbial metabolite derived 
from the fermentation of dietary fibers, including inulin, 
and is well-known for its beneficial effects on colonic 
health, such as anti-inflammatory activity. For instance, 
in this study butyrate was able to reduce the proliferation 
of different CRC cell lines (HT-29 human CRC cells and 
CT26 murine CRC cells), and to inhibit the activation of 
the inflammatory nuclear factor kappa B (NF-κB) pathway 
while promoting the activation of the PPAR-γ pathway. 
These finding support the hypothesis that butyrate exerts 
both antineoplastic and anti-inflammatory effects in CRC 
cells.

To assess  the potential  impact of  preoperative 
supplementation on anastomotic healing, a murine model 
of poor healing (six sutures after colonic surgery) was 
used. Mice were divided into three groups: one receiving a 
control diet, another receiving a control diet supplemented 
with 10% inulin, and a third receiving a control diet 
supplemented with 0.6% 5-aminosalicylic acid (5-ASA), 
a PPAR-γ activator commonly used for IBD treatment. 
The mice were fed their respective diets for 14 days prior 
to undergoing colonic surgery. Following surgery, CT26 
cells were administered via enema, and the mice were 
monitored for 2 weeks. Supplementation with either inulin 
or 5-ASA resulted in a lower number of smaller and less 
disseminated abdominal tumors, along with a decreased 
prevalence of hemorrhagic ascites compared to the control 
group. Additionally, mice receiving inulin or 5-ASA 
exhibited an improved gut barrier function, as evidenced 
by a reduction in bacteria translocation, as measured by the 
number of bacteria detected in the spleen. This effect on 
gut barrier function was further confirmed in a model of 
healthy mice supplemented with the same diets followed by 
administration of fluorescein isothiocyanate-dextran (FITC-
dextran) to assess gut permeability. Both 5-ASA and inulin 
supplementation led to a decrease in the fluorescent signal 
in plasma samples along with an increase in fecal samples 
compared to the control group, which indicates a reduction 

in intestinal permeability. 
The disruption of the gut microbiota has been recognized 

as a promoter of CRC progression and has emerged as a 
significant contributor to CRC metastasis (21). Indeed, 
the translocation of gut bacteria has been suggested 
to play a role in the occurrence and progression of 
metastasis, although the underlying mechanisms remain 
to be fully explored (21). The effect of inulin and 5-ASA 
supplementation were further explored in a mouse model 
of surgically-induced liver metastasis. Prior to undergoing 
open abdominal surgery with intrasplenic injection of CT26 
cells, the animals received the dietary supplementation for 
2 weeks. The results showed that supplementation with 
inulin and 5-ASA reduced the burden of hepatic colorectal 
tumors and the peritoneal carcinomatosis index, indicating 
decreased tumor dissemination. Furthermore, these mice 
showed lower translocation of gut bacteria to mesenteric 
lymph nodes indicating, increased gut barrier integrity. 

Finally, inulin and 5-ASA supplementation demonstrated 
to have an impact on systemic inflammation, as evidenced 
by reduced serum levels of pro-inflammatory cytokines such 
as interleukin 1β and tumor necrosis factor α. In addition, 
exposure to serum from these mice led to lower levels of 
NF-kB activation in monocytic THP-1 cells harboring 
the luciferase reporter gene. These results reinforce 
the potential of inulin and 5-ASA to alleviate systemic 
inflammation and colorectal metastatic disease to the liver. 

In summary, this study highlights the association 
between AL and worsened CRC postoperative outcomes, 
including reduced OS and disease-free survival. In 
addition, the finding shed light on the critical role of the 
gut microbiota and PPAR-γ pathway in inflammation, 
anastomotic healing, and CRC progression and recurrence. 
The study underscores a possible link between gut 
microbiota composition and the risk of AL development 
after CRC surgery, highlighting the therapeutic potential 
of low-risk dietary interventions aimed at modulating 
gut microbiota. Dietary supplementation with inulin or 
5-ASA was able to promote gut barrier integrity, improved 
anastomotic healing, reduced local tumor spread and 
mitigated systemic inflammation. These effects may 
potentially contribute to a reduction in disease recurrence 
and metastasis. Overall, this study highlights the intricate 
interplay among AL, gut microbiota and PPAR-γ in CRC 
progression and recurrence, paving the way toward the 
development of dietary therapeutic strategies aimed to 
modulate gut microbiota and activate PPAR-γ pathway as a 
novel approach to improve postoperative CRC outcomes. 

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/bifidobacterium
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/lactobacillus
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It is important to note that despite these promising results 
found in animal models of AL the findings of the study may 
not be generalizable to all CRC patients due to variations 
in diet, genetics, and other environmental factors that 
influence gut microbiota. To address this limitation, the 
same authors have registered an ongoing human clinical 
trial (NCT05860322) to validate these results in a clinical 
setting. The outcome of this trial will help confirm the 
effects of preoperative dietary supplementation with inulin 
on anastomotic leakage and systemic inflammation in CRC 
patients.
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