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Abstract
Pancreatic ductal adenocarcinoma (PDAC) is an aggressive disease with difficulties in early diagnosis, poor prognosis, and lim-
ited effective therapies. Early detection and effective treatment offer the optimal chance to improve survival rates. Various studies 
have shown that gut microbiota dysbiosis is closely related to PDAC, with potential mechanism involving immune regulation, 
metabolic process impact, and reshaping the tumor microenvironment. A comprehensive understanding of the microbiota in 
PDAC might lead to the establishment of screening or early-stage diagnosis methods, implementation of cancer bacteriotherapy 
such as fecal microbiota transplantation, creating new opportunities and fostering hope for desperate PDAC patients.
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Introduction
Pancreatic ductal adenocarcinoma (PDAC) is one of the most le-
thal human malignancies. Through extensive efforts and prolonged 
research, the five-year survival rate has improved to approximately 
10%.1 Surgical resection offers a potential cure for patients with 
PDAC.2 Due to the insidious onset and lack of specific early clini-
cal manifestations, only 15–20% of patients are diagnosed with 
PDAC that can be removed using standard resection.3 It is urgent 
to find effective biomarkers and clinical treatment strategies.

The gut microbiota, consisting of trillions of microorganisms 
inhabiting the intestinal tract, interacts with the host in various 
ways, playing crucial roles in host physiology, including immune 
regulation, metabolite exchange, and nutrient metabolism.4,5 With 
the progress of metagenomics and the identification of gut bacte-
rial compositions, studies on the role of gut microbiota in cancer 
have become an international hotspot. Growing research suggests 
a strong link between the gut microbiome and PDAC, indicating a 
critical role in the development, progression, and treatment of the 
disease.6 Therefore, utilizing microbiota therapy to reconstruct the 
composition and quantity of the gut microbiome may be a potential 
therapeutic strategy for PDAC.7,8

Among all the approaches for interventions targeting the gut 
microbiome, fecal microbiota transplantation (FMT), which in-
volves transferring functional microbiota from healthy donors into 
the gastrointestinal tract of patients, has shown initial clinical ef-
fects in cancer therapy.9 Numerous clinical studies have demon-
strated that FMT can significantly enhance the efficacy of tumor 
immunotherapy, chemotherapy, and radiotherapy, and mitigate ad-
verse effects.10 Nevertheless, concerns persist regarding the safety, 
efficacy, and precision of FMT procedures.

Herein, we provide an overview of the complex association be-
tween gut microbiota and PDAC, as well as the current research 
progress and prospects of FMT in the management of PDAC, with 
at least one published or ongoing FMT study in human or mouse 
models. Furthermore, we discuss recent challenges and offer fu-
ture research directions.

The human gut microbiome
Under healthy conditions, the gut microbiota is stable, resilient, 
and maintains a mutually beneficial relationship with the host.11,12 
The composition of the gut microbiota is influenced by various 
factors, including diet, physical activity, daily routines, host age, 
gender, genetics, and the use of antibiotics, probiotics, and other 
microbiome-targeted interventions.13 Consequently, defining the 
precise characteristics of a healthy gut microbiota is challenging. 
Generally, the human gut microbiota is dominated by five bacterial 
phyla: Firmicutes, Bacteroidetes, Actinobacteria, Proteobacteria, 
and Verrucomicrobia.13 Elderly individuals often show reduced 
levels of Bifidobacterium and elevated levels of Clostridium and 
Proteobacteria.14 Additionally, based on the composition of the gut 
microbiota, individuals can be classified into three enterotypes, 
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which are not influenced by gender, age, nationality, or geographi-
cal location. Enterotype 1 is characterized by Bacteroides as the 
indicative taxon; Enterotype 2 is driven by Prevotella; and Ente-
rotype 3 is distinguished by the relative abundance of Firmicutes, 
primarily Ruminococcus.15

Gut dysbiosis in PDAC

Gut microbiome in PDAC
Dysbiosis of gut bacteria is a well-established phenomenon that 
contributes to several aspects of PDAC.16 In recent years, multiple 
studies have analyzed the gut microbiota in stool samples obtained 
from PDAC patients and non-tumor controls through 16S ribo-
somal RNA sequencing and metagenomic sequencing, revealing 
notable differences in gut microbiota composition. Nagata and col-
leagues analyzed the gut microbiota of PDAC patients and controls 
from Japanese, Spanish, and German cohorts, finding a significant 
enrichment of Streptococcus and Veillonella spp., along with a re-
duced abundance of Faecalibacterium prausnitzii, as characteristic 
gut signatures associated with PDAC across all three cohorts.17 
A study conducted by Zhou and colleagues,18 which included 
PDAC patients (32), autoimmune pancreatitis patients (32), and 
healthy controls (32), showed a marked increase in the phylum 
Proteobacteria and a decrease in the phylum Firmicutes in PDAC 
patients compared to autoimmune pancreatitis patients and con-
trols. Additionally, meta-analyses and prospective cohort studies 
have suggested a positive correlation between Helicobacter pylori 
infection and PDAC, indicating that patients with Helicobacter 
pylori infection have a higher risk of developing PDAC.19,20 The 
characteristics of gut microbiota in PDAC patients vary across dif-
ferent studies, which may be due to substantial geographical and 
ethnicity-specific heterogeneity of the gut microbiota, differences 
in fecal collection, and sequencing protocols. Therefore, larger-
scale investigations are warranted to develop a comprehensive gut 
microbiota profile unique to PDAC.

The characteristic alterations observed in the gut microbiota of 
PDAC patients are being proposed as promising biomarkers for the 
diagnosis of PDAC. Kartal et al.21 assessed the gut microbiota of 
57 PDAC patients, 50 controls, and 29 chronic pancreatitis patients 
to construct fecal metagenomic classifiers based on 27 microbial 
species, achieving an accuracy of up to 0.84 in the area under the 
receiver operating characteristic curve (AUC), which accurately 
identified PDAC. Furthermore, when combined with CA199, the 
AUC increased to 0.94, demonstrating high predictive accuracy in 
26 validation cohorts.21 Similarly, Yang and colleagues, comparing 
the gut microbiota of 44 PDAC patients and 50 healthy individu-
als, identified Streptococcus as an accurate discriminator of PDAC 
(AUC = 0.927) and PDAC with liver metastasis (AUC = 0.796), 
suggesting its utility as an effective screening tool.22 Considering 
the convenience and non-invasiveness of gut microbiota detection, 
along with high compliance in the initial screening population, 
gut microbiota-related markers hold promise as valuable tools for 
PDAC screening and early diagnosis.

Gut dysbiosis and immune regulation
The complex interplay between the gut microbiota and the immune 
system regulates host immunity via various pathways, leading to 
either immune activation or suppression, consequently impacting 
the onset and treatment of PDAC.16,23 KRAS mutation is one of the 
initiating factors in PDAC.24 Lipopolysaccharides, the major com-
ponents of gram-negative bacterial cell walls, can activate Toll-

like receptor signaling pathways and stimulate the secretion of cy-
tokines such as IL-8 and TNF-α.25 In mouse models of PDAC, gut 
microbiome depletion significantly reduced tumor volumes and 
the number of both primary and liver metastatic tumors, with an 
increase in interferon gamma-producing T cells and a correspond-
ing decrease in interleukin 17A and interleukin 10-producing T 
cells in the tumor microenvironment.26 Moreover, gut microbiota 
may migrate into the pancreas, exerting immunosuppressive ef-
fects. Pushalkar and colleagues found that intrapancreatic bacteria 
were elevated in PDAC compared with normal pancreatic tissue, 
and certain bacteria were selectively increased in PDAC compared 
with the gut.27 Furthermore, bacterial ablation was shown to inhibit 
PDAC growth and was associated with immunogenic reprogram-
ming of the tumor microenvironment, including a reduction in the 
activation of specific Toll-like receptors on monocytic cells and an 
increase in the polarization of tumor-protective M1 macrophages, 
which facilitated the infiltration and activation of T helper cells 
and cytotoxic T cells.27 Alam et al.28 discovered that the intratu-
moral fungal mycobiome drives IL-33 secretion, promoting type 2 
immune responses and accelerating PDAC progression.

Microbiota-derived metabolites and their effects on PDAC
Metabolites produced by the gut microbiota play crucial roles in 
various physiological and pathological processes, including cell 
proliferation, differentiation, apoptosis, and even tumor treat-
ment.6 Short-chain fatty acids, primarily including acetate, propi-
onate, and butyrate, are the most abundant microbial metabolites 
in the colonic lumen and are mainly produced by the microbial 
fermentation of prebiotics. Among short-chain fatty acids, butyric 
acid has been shown to activate differentiation and inhibit invasion 
in PDAC cells.29–31 In PDAC patients, lower concentrations of bu-
tyrate and reduced relative abundance of butyrate-producing bac-
teria in the gut have been reported. More recently, indole-3-acetic 
acid, a tryptophan metabolite produced by Bacteroides fragilis and 
Bacteroides thetaiotaomicron, enhanced the efficacy of chemo-
therapy in PDAC. In combination with chemotherapy, it downreg-
ulates the reactive oxygen species-degrading enzymes glutathione 
peroxidase 3 and glutathione peroxidase 7, leading to the accumu-
lation of reactive oxygen species and downregulation of autophagy 
in PDAC cells, thereby inhibiting cell proliferation.32 Mirji et al.33 
identified that the gut microbe-derived metabolite trimethylamine 
N-oxide enhanced immunotherapy sensitivity, associated with an 
immunostimulatory tumor-associated macrophage and activated 
effector T cell response in the tumor microenvironment. Uro A, 
an intestinal microbial metabolite of ellagitannin, inhibited phos-
phorylation of AKT and p70S6K through the PI3K/AKT/mTOR 
pathway and induced strong antiproliferative and proapoptotic ef-
fects in PDAC, along with reduced levels of infiltrating immuno-
suppressive cell populations such as myeloid-derived suppressor 
cells, tumor-associated macrophages, and regulatory T cells.34 Al-
together, the biological activity of microbiota-derived metabolites 
in PDAC still needs to be further explored.

Gut dysbiosis and PDAC treatment
Systemic therapy, which includes chemotherapy as the primary 
treatment modality supplemented by radiotherapy, targeted ther-
apy, immunotherapy, and other approaches, remains crucial in 
managing PDAC.35 The gut microbiome has been shown to influ-
ence the efficacy of these treatments. For instance, gemcitabine, a 
commonly used chemotherapy drug for PDAC, may have reduced 
efficacy due to Gammaproteobacteria, which are suggested to mi-
grate from the gut to pancreatic tumors.36 FOLFIRINOX, consid-
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ered frontline therapy for advanced PDAC, consists of leucovorin, 
fluorouracil, irinotecan, and oxaliplatin. Irinotecan is metabolized 
in the liver to SN-38G, an inactive metabolite. However, in the 
intestines, bacterial β-glucuronidase enzymes produced by the 
commensal microbiota can convert SN-38G back into its active 
form, SN-38.37,38 This activation process in the intestines can lead 
to delayed diarrhea.39 Antibiotics have the potential to disrupt the 
gut microbiota’s composition. A study involving 20 volunteers ex-
posed to four common antibiotic regimens showed a significant 
decrease in species richness immediately after treatment. While 
most volunteers’ microbiomes returned to pre-treatment richness 
after two months, the taxonomy and metabolism were altered.40 
However, some volunteers experienced a persistent reduction 
in microbiome diversity.40 For tumor patients treated with im-
munotherapy, antibiotic administration is associated with poor 
progression-free survival and overall survival. Therefore, caution 
should be exercised when prescribing antibiotics to patients plan-
ning to undergo immunotherapy.41–43 Park et al.44 identified that 
the gut microbiota can promote responses to programmed death 1 
(PD-1) checkpoint blockade by downregulating the programmed 
death-ligand 2-glycosylphosphatidylinositol-anchored membrane 
protein b (PD-L2-RGMb) pathway in FMT. Interestingly, the gut 
microbiome could be linked to postoperative complications after 
pancreatic surgery. In a prospective clinical pilot study, Schmitt 
et al.45 analyzed 116 stool samples from 32 patients before and 
after pancreatic surgery and revealed that distinct microbiome pat-
terns are associated with surgical complications. Patients with a 
specific gut microbial composition pattern, characterized by an in-
crease in Akkermansia, Enterobacteriaceae, and Bacteroidales, and 
a decrease in Lachnospiraceae, Prevotella, and Bacteroides, were 
found to be at a significantly higher risk for developing postop-
erative complications.45 Overall, the intricate relationship between 
the gut microbiome and treatment outcomes in PDAC underscores 
the importance of preserving microbiome integrity during therapy.

An overview of FMT
FMT is a therapeutic approach that delivers the full spectrum of 
gut microbiota to patients to combat or alleviate microbial imbal-

ances. Historical records in traditional Chinese medicine docu-
ment the use of feces to treat illnesses, dating back approximately 
1,700 years when Ge Hong used human fecal infusions to treat 
patients on the brink of death due to food poisoning, diarrhea, and 
fever.46 In modern medicine, FMT was first approved for the treat-
ment of multiply recurrent or refractory Clostridioides difficile 
infection.47 In 2023, the first international Rome consensus con-
ference on gut microbiota and fecal microbiota transplantation in 
inflammatory bowel disease was published.48 Currently, in clinical 
practice, FMT has been applied to treat various diseases associated 
with intestinal dysbiosis, including inflammatory bowel disease,49 
irritable bowel syndrome,50 diarrhea,51 as well as disorders of the 
nervous and metabolic systems,52–54 and cancer,51,55 with its effec-
tiveness and safety widely recognized.

Based on consensus from various regions, the implementation 
of FMT can be broadly divided into several steps (Fig. 1): donor 
selection, preparation of transplant material, recipient preparation, 
transplantation, and post-transplant follow-up management.56,57 
(1) Prior to FMT implementation, rigorous donor screening and 
regular assessment of donor health status are necessary; (2) Re-
cipients must undergo comprehensive clinical evaluation before 
transplantation and prepare their intestines according to their in-
dividual conditions; (3) Transplant materials are typically in the 
form of a solution or freeze-dried capsules derived from donor 
feces. The method of transplantation varies depending on the type 
of transplant material, with options including infusion of the solu-
tion via upper gastrointestinal routes (nasogastric tube, gastrosco-
py) or lower gastrointestinal routes (colonoscopy, sigmoidoscopy) 
to introduce functional microbial communities into the patient’s 
intestines; (4) Close post-transplant follow-up is essential to moni-
tor the therapeutic efficacy of FMT and any associated adverse 
reactions.

Potential mechanisms of FMT
FMT has gained attention for its potential to treat cancer by alter-
ing the composition of gut microbiota. While the precise mecha-
nisms underlying FMT are still under investigation, several po-
tential pathways have been proposed (Fig. 2). FMT can replenish 

Fig. 1. The process of FMT (fecal microbiota transplantation). This includes (1) selection and screening for donors; (2) bacterial suspension and freeze-dried 
capsules preparation; (3) delivery via upper gastrointestinal routes (nasogastric tube, gastroscopy) or lower gastrointestinal routes (colonoscopy, sigmoi-
doscopy); (4) close post-transplant follow-up.
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and diversify the recipient’s gut microbiota, correcting imbalances 
and fostering a healthier microbial community, which improves 
intestinal barriers and regulates mucosal immunity. Huang et al.58 
discovered that FMT reduced gut inflammation by decreasing toll-
like receptor 4. It also provided significant relief from intestinal mu-
cosal injury and reduced intestinal permeability by increasing the 
expression of mucin and tight junction proteins.58 The intestine, as 
the largest immune organ in the human body, plays a pivotal role 
in maintaining host balance and defense through its mucosal im-
mune system. The intestinal microbiome promotes the differentia-
tion of naive CD8+ T cells into CD4+ T cells in the large intestine.59 
FMT may also impact metabolites that regulate and alleviate tumors 
locally in the gut or systemically throughout the body. Inosine, a 
prominent microbial metabolite, in the presence of exogenous inter-
feron-gamma, promotes T helper 1 cell differentiation by binding to 
the adenosine 2A receptor on the surface of T cells and significantly 
enhances the anticancer ability of T helper 1 cells in tumors.60

FMT and PDAC treatment
FMT is a potent approach to restoring gut microbiota, and several 
preclinical models have demonstrated its potential in treating PDAC. 
Pushalkar et al.27 conducted mouse-to-mouse FMT experiments and 
observed that mice receiving fecal samples from PDAC mice exhib-
ited accelerated tumor growth compared to those receiving samples 
from control mice. This suggests that FMT modulates tumor growth 
by altering the gut microbiota. Riquelme et al.61 conducted FMT 
experiments in mice using samples from PDAC patients with short-
term survival (STS), PDAC patients with long-term survival (LTS), 
and healthy controls. They found that mice receiving fecal samples 
from LTS patients exhibited significantly slower tumor growth com-
pared to those transplanted with samples from STS patients (P < 
0.001) or controls (P = 0.02). Moreover, there was a notable increase 

in the infiltration of CD8+ T cells and activated T cells in the tumor 
microenvironment of mice that received FMT from LTS patients. 
Conversely, mice that received FMT from STS patients showed an 
increase in the infiltration of CD4+FOXP3+ cells and bone marrow-
derived suppressor cells in the tumor. These findings indicate that 
FMT therapy can modulate the tumor immune microenvironment 
and the natural history of the disease.

FMT and chemotherapy
Chemotherapy is one of the primary methods for systemic treat-
ment of PDAC; however, drug resistance limits its effectiveness 
and is a major cause of recurrence and poor prognosis in PDAC 
patients.62,63 Recently, growing evidence suggests that microbes 
impact the efficacy of chemotherapeutic drugs in cancer thera-
pies. Bacterial modification of pharmaceuticals might either po-
tentiate desirable effects, compromise efficacy, or release harm-
ful compounds, both directly and indirectly.64 It is reported that 
bacteria can metabolize the chemotherapeutic drug gemcitabine 
(2′,2′-difluorodeoxycytidine) into its inactive form (2′,2′-difluoro-
deoxyuridine), which depends on the bacterial enzyme cytidine 
deaminase.36 In a preclinical study, Tintelnot et al.32 utilized pa-
tient-to-mouse FMT experiments and observed that mice receiv-
ing fecal samples from chemotherapy-responder patients exhibited 
increased sensitivity to chemotherapy compared to those receiving 
samples from chemotherapy-non-responder patients. Additionally, 
receiving fecal samples from healthy mice led to a reduction in 
tumor growth.32 These studies lay the foundation for conducting 
clinical trials of FMT alongside chemotherapy for PDAC.

FMT and radiotherapy
Radiotherapy is an important modality for the local treatment of 
PDAC. However, the side effects of radiotherapy are associated 
with significant morbidity and mortality that impact patients’ qual-

Fig. 2. Gut dysbiosis and fecal microbiota transplantation for cancer. (a) Potential mechanisms by which a disturbed gut microbiome contributes to cancer 
pathogenesis. (b) Proposed mechanisms by which FMT restores the gut microbiome and reestablishes microecosystem homeostasis. FMT, fecal microbiota 
transplantation; SCFA, short-chain fatty acids.
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ity of life.65 Radiation enteritis is a common complication of ra-
diotherapy for abdominal and pelvic tumors, often manifesting as 
abdominal pain, diarrhea, and rectal bleeding, which are prone to 
recurrence and poorly responsive to traditional treatments.66 In a 
case report, a 64-year-old female with cervical cancer and chronic 
radiation enteritis underwent two courses of FMT and then experi-
enced short- and long-term relief from symptoms without adverse 
effects.67 In a pilot study, FMT was performed on five patients with 
chronic radiation enteritis who were unresponsive to conventional 
treatment. Healthy donor gut microbiota was transplanted into 
the patients, and the patients’ radiation toxicity, gastrointestinal 
symptoms, and changes in gut microbiota were regularly evalu-
ated. After eight weeks, three patients showed improvement, one 
underwent surgery for other reasons, and one showed no improve-
ment, with no FMT-related deaths or infectious complications.68 
In a prospective cohort study, researchers treated 20 patients with 
radiation enteritis complicated by intestinal obstruction with FMT 
and followed them up for six months.69 Compared to the conven-
tional treatment group (25 patients), the FMT group showed supe-
rior gastrointestinal quality of life scores, body mass index, total 
protein, and albumin levels, effectively improving the patients’ 
early nutritional status and quality of life.69 Another study involv-
ing 127 patients with radiation enteritis treated with FMT showed 
clinical cure rates of 61.4%, 56.5%, and 47.6% at three, 12, and 36 
months, respectively.70

FMT and immunotherapy
The unique immune-suppressive microenvironment and low im-
munogenicity of PDAC make it challenging for immunotherapy 
to achieve desirable outcomes.71–73 Improving responses to im-
munotherapy and developing effective immunotherapeutic strate-
gies remain long-term tasks. Increasing evidence suggests that gut 
microbiota modulation plays a significant role in cancer immuno-
therapy.74 For example, the gut microbiota metabolite trimethyl-
amine-N-oxide has immunomodulatory effects and can enhance 
the sensitivity of PDAC to immune checkpoint inhibitors.33 Com-
pared to tumor patients who did not receive antibiotic treatment 
before and after their first PD-1/PD-L1 treatment, the group re-
ceiving antibiotic treatment showed significantly shortened pro-
gression-free survival and overall survival.43,75 Moreover, immune 
checkpoint inhibitor-induced colitis, an adverse effect of immu-
notherapy treatment, could be ameliorated by FMT.76,77 Although 
there are no clinical studies on FMT for immunotherapy in PDAC, 
initial successes have been achieved in immunotherapy for other 
cancers. Several FMT clinical trials have shown that transplanting 
gut microbiota from immunotherapy responders can reverse tumor 
resistance to PD-1/PD-L1 treatment,55,78,79 and healthy individuals 
as donors can also reverse the refractoriness of tumors to immu-
notherapy.80,81

Based on the above research, combining FMT with existing 
therapies such as chemotherapy, radiotherapy, and immunotherapy 
holds promise for improving treatment efficiency and reducing 
side effects. Previous research on FMT in cancer treatment has 
primarily concentrated on its combination with immunotherapy, 
chemotherapy, and radiation therapy. The neoadjuvant therapy 
and perioperative periods may also present opportune times for 
combining FMT with treatment in the future, as earlier modula-
tion of gut microbiota, immune function, and nutritional status in 
cancer patients could potentially enhance therapeutic outcomes 
against tumors. Although there is currently no publicly available 
clinical data on FMT for PDAC treatment, the enormous potential 
of FMT in treating PDAC cannot be denied. Several clinical tri-

als are currently underway. In one preliminary study, researchers 
initiated FMT treatment four weeks before Whipple surgery for 
PDAC patients (NCT04975217). Other clinical trials are explor-
ing the application of FMT in the treatment of advanced PDAC 
(ChiCTR2100049431) (Table 1).

Current issues in FMT treatment for PDAC

Complications of FMT treatment
Although FMT is recognized as a safe and low-risk medical in-
novation, it still carries the risk of complications. In a previous 
report, two recipients of FMT developed bacteremia caused by ex-
tended-spectrum beta-lactamase-producing Escherichia coli, with 
both cases linked to the same stool donor. One of the patients died, 
which was attributed to the donor not undergoing screening for 
multidrug resistance.82 Therefore, ensuring the safety of transplant 
materials is crucial for the safety profile of FMT. Currently, guide-
lines and consensus on FMT have been developed, outlining donor 
screening and management protocols, as well as requirements for 
the preparation and quality control of transplant materials. Enhanc-
ing donor screening and daily management is a critical measure to 
ensure the quality and safety of transplants. Before FMT, a com-
prehensive assessment of the donor’s recent health status is nec-
essary, including medical history, clinical symptoms, blood tests, 
fecal microbial tests, and lifestyle and dietary habits. Additionally, 
cohabitation is an important factor in the transmission of microbes, 
with the median strain-sharing rates of gut and oral microbiota 
among cohabiting individuals being 12% and 32%, respectively. 
The impact of cohabitation duration on strain sharing is greater 
than that of age and genetics.83,84 Therefore, it may also be neces-
sary to focus on the gut microbiota health of cohabitants in the 
future. A systematic review of 129 FMT-related studies conducted 
from 2000 to 2020 found that most FMT-related adverse events 
were mild or moderate and self-limiting. The most common ad-
verse events were diarrhea (10%) and abdominal discomfort/pain/
cramping (7%); 1.4% of FMT recipients experienced severe ad-
verse events, all related to mucosal barrier damage.85 Thus, an ac-
curate evaluation of the recipient’s tolerance for FMT is essential 
before proceeding with the procedure. Moreover, selecting an ap-
propriate route of FMT delivery, enhancing donor screening before 
transplantation, and regularly monitoring recipients throughout the 
process may help reduce risks to some extent.

Challenges and unresolved issues in FMT
FMT presents a double-edged sword, with potential risks of trans-
mitting harmful microorganisms alongside the benefits of im-
proving gut microbiota, underscoring the critical importance of 
establishing implementation guidelines. With its widespread ap-
plication, FMT protocols have been established across different 
regions, but specific details have not been standardized. Donor 
screening and management are among the most challenging as-
pects of FMT implementation and are crucial factors affecting the 
safety and efficacy of the procedure. Strict donor screening criteria 
result in a screening success rate of only 1.7%, which is far from 
meeting clinical demands.86 Additionally, rules for donor-recipi-
ent matching are still under exploration, and further discussion is 
needed on how to select suitable donors based on recipient-specific 
factors to maximize therapeutic effects. For example, should the 
recipient’s gut microbiota characteristics be considered? Could 
the diversity of the recipient’s gut microbiota potentially influence 
the outcomes of FMT? Donor–recipient enterotype matching and 
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complementarity may contribute to the colonization of microbiota 
and the outcomes of FMT.87,88 FMT transplant materials include 
liquid and capsule forms, with administration methods including 
upper gastrointestinal tract liquid injection, lower gastrointestinal 
tract liquid injection, and oral capsules. Currently, there is a lack 
of comparative studies on the efficacy of different administration 
methods in tumor patients, and no consensus exists on the optimal 
dosage for FMT. The infusion dosage, frequency, and duration of 
FMT treatment may vary considerably across different diseases 
and patients. In theory, greater quantities of donor microbes can 
enhance colonization of the recipient’s gut, achievable through 
either increasing the microbial amounts per single FMT or the 
frequency of administration. In many clinical studies, long-term 
and repeated FMT have been considered more favorable for out-
comes.89–93 Therefore, a considerable number of clinical trials are 
still needed to further address these issues.

Conclusions
It is increasingly recognized that the intricate relationship between 
the gut microbiota and PDAC underscores the potential of mi-
crobiome-based strategies in the management of this devastating 
disease. The identification of specific microbial signatures associ-
ated with PDAC offers a promising avenue for the development of 
non-invasive diagnostic tools. These tools could facilitate early de-
tection, thereby improving patient prognosis through timely inter-
vention. Moreover, the modulation of the gut microbiota through 
targeted interventions, such as fecal microbiota transplantation, 
presents a novel therapeutic approach that could enhance the effi-
cacy of current treatments and potentially alleviate treatment-relat-
ed adverse effects. Nevertheless, FMT also faces numerous chal-
lenges, such as dosage optimization, patient acceptance, and the 
scientific matching of donors and recipients. Multiple exploration 
gaps remain in the FMT validity and its long-term consequences. 
However, for microbiota-based strategies to become more practi-
cal in clinical applications, there is still a long way to go.
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