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Most cancer treatment modalities efficient in other malignancies display limited efficacy in pancreatic cancer, and novel
therapeutic strategies in a multidisciplinary approach are highly warranted.
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| 1. Introduction

Pancreatic ductal adenocarcinoma (PDAC), accounting for about 90% of all pancreatic cancer cases, is expected to
become the second leading cause of cancer deaths before 2030 1. Since dense desmoplastic stroma represents one of
the main factors responsible for the failure of currently applied PDAC treatment, focusing on the tumor microenvironment
components might represent an option to overcome the chemoresistance and immune tolerance. Recently, the pancreatic
microbiota has been recognized as an integral part of the PDAC microenvironment and the microbial remodeling of the
tumor microenvironment towards immune tolerance might be associated with the inefficiency of antitumor immunotherapy.
Thus, a microbiota-derived approach should also be taken into account and numerous clinical trials evaluating the effect
of the microbiome in pancreatic cancer are currently ongoing (Table 1).

Table 1. Pancreatic cancer, solid tumors, and the microbiome. The table summarizes the list of ongoing and completed
clinical trials dealing with the impact of microbiome on the risk, prognosis, and treatment efficacy in pancreatic cancer and

solid tumors (according to http://clinicaltrials.gov/).
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Re-establishing an effective intestinal ecosystem with a favorable enteric microbiota might increase the efficacy of cancer
treatment (Figure 2). Despite the emerging role of the microbiome in PDAC, there is a limited number of controlled trials
with a consistent design regarding the potential role of the gut and/or tumor microbiome modulation towards tumor
progression or improving the sensitivity to therapeutics.
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Figure 2. The possible trend of the gut and/or tumor microbiome modulation in PDAC. Precise targeting of microbiota
composition might represent a novel approach to improve the therapeutic efficacy and clinical outcome for PDAC patients.
Further research and randomized control trials with careful benefit-risk assessment are warranted due to the considerable
risks of infection in immunosuppressive cancer patients. Abbreviations: PDAC, pancreatic ductal adenocarcinoma.

Oral antibiotics lead to an antitumor immune activation and restrained tumor burden in mice models bearing PDAC .
Coadministration of the PDAC drug gemcitabine with ciprofloxacin significantly reduced the level of detectable bacteria via
in vivo imaging and improved the response to the chemotherapeutic agent in colon mouse models &, In addition, bacterial
ablation via oral antibiotics was found to be protective in pancreatic tumorigenesis and to augment the sensitivity to
immunotherapy ¥. Mohindroo et al. retrospectively analyzed the clinical data of 148 metastatic PDAC patients (135
patients exposed to antibiotics) showing prolonged OS and PFS (progression-free survival) after macrolide consumption
longer than 3 days . However, a retrospective single-center cohort study on resectable PDAC patients found that
tetracycline treatment was associated with clinically significant decreased PFS and statistically significant worse OS &,
Recently, the reanalysis of the comparator arm of the MPACT clinical trial (comprising 430 metastatic PDAC patients on
antibiotic therapy) demonstrated increased gemcitabine-associated toxicity during and after antibiotic exposure 19,

| 2. Discussion

Numerous studies highlight the positive effects of probiotics and prebiotics on gastrointestinal cancers through the
activation of the host's immune system, maintenance of intestinal barrier integrity, reduction in microbial activity by
decreased intestinal pH, as well as inhibition of bacteria involved in the conversion of procarcinogens to carcinogens 11,
Probiotics are described as “mono- or mixed cultures of live microorganisms able to beneficially affect the host by
improving the properties of the indigenous flora” 12, Bacterial translocation is thought to be a possible route of
communication between the gut and pancreatic microbiota. Hence, the effects of probiotic modulation in patients with
pancreatitis have been evaluated as a risk factor for PDAC development. The first randomized, controlled, and double-
blind study in a small cohort of 45 patients with severe acute pancreatitis (SAP) reported a significant reduction in
pancreatic sepsis and the number of surgical interventions 13!, However, these results were not able to be reproduced in
a second trial (24 Importantly, the multicenter, randomized, and double-blind versus placebo PROPATRIA study,
comprising 296 patients, reported that probiotic prophylaxis did not reduce the risk of infectious complications and was
associated with an increased risk of mortality in patients with predicted SAP (5. Moreover, the result of meta-analysis of
six clinical trials found no significant effects of probiotics on the clinical outcomes of patients with SAP [26],

Fecal microbiota transplantation (FMT) contains a greater quantity of microbiota than commonly used probiotic
supplements and may represent a promising trend in overcoming the immunosuppression and resistance to therapy in
cancer patients likely to have relatively short survival 2. Animal studies suggest the protective effect of gut and tumor
bacteria in PDAC patients who had survived more than 5 years without evidence of disease (long-term survivors). Mice
that received FMT from patients with advanced disease harbored much larger tumors compared to the animals receiving
FMT from long-term survivors of PDAC or healthy controls 8, To evaluate the results from preclinical findings, the first
clinical trial on resectable PDAC patients receiving FMT from healthy donors delivered through both colonoscopy and oral
pills is in preparation.



Due to the contribution of microbiota to an enormous variety of metabolic and immunological pathways, the particular
composition of patient’s microbiome should be taken into account to achieve the most efficient therapy response.
According to recent studies, a combination of chemotherapy and immunotherapy with proper microbiota modulation might

improve the efficacy of cancer treatment and outcome for PDAC patients.
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