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Abstract: Background: Although previous studies have implicated a role for the stool microbiome
in cancer cachexia, the fecal microbiome has not been previously characterized for patients with
pancreatic ductal adenocarcinoma (PDAC) and cachexia treated with nutritional interventions such
as enteral feeding. Methods: The PANCAX-1 (NCT02400398) prospective trial enrolled 31 cachectic
advanced PDAC patients to receive jejunal tube peptide-based diet for 12 weeks who were planned
for palliative chemotherapy. Out of 16 evaluable patients, 62.5% receiving enteral feeding met the
primary endpoint of weight stability at 12 weeks. As part of an exploratory analysis of the
PANCAX-1 trial, serial stool and blood samples were collected at 0 (C1D1), 6 (C2D1), and 12 (C3D1)
weeks over the 12-week period of enteral feeding. Stool samples were analyzed using 16S v4
sequencing of the microbiome. Up to 219 plasma metabolites were analyzed by mass spectrometry
and high-performance liquid chromatography. Results: A total of 29 stool samples were
prospectively collected from 16 subjects with PDAC enrolled in PANCAX-1 who were evaluable for
weight stability. Over 12 weeks of enteral feeding, statistically significant increases in the abundance
of bacterial genera such as Veillonella (p=0.0150) and Actinomyces (p=0.0390) were observed, while
there was a lower abundance of Bacteroides (p=0.0150) and Butyricicoccus (p=0.0390). Greater
abundance of Veillonella and reduced Bifidobacterium at baseline were linked to greater weight
stability. Plasma metabolomics in 10 subjects showed that weight unstable patients had significantly
decreased levels of essential (L-histidine, L-phenylalanine) and non-essential amino acids (L-
citrulline, L-tyrosine, all p<0.05) at the end of 12 weeks of enteral feeding. High stool Veillonella
abundance was significantly associated with increases in the nucleotide 2-deoxycytidine 5-
diphosphate and essential amino acid L-isoleucine but decreased TCA cycle metabolite alpha-
ketoglutarate (all p<0.05). Conclusions: We are the first to demonstrate the feasibility of stool
microbiome profiling and plasma metabolomics in paired stool and plasma samples from a
prospective cohort of advanced PDAC patients on enteral feeding as their primary source of
nutrition. Our findings are hypothesis-generating in that metabolites unique to weight stability and
abundance of stool bacterial genera may inform future studies of anti-cachexia therapies involving
enteral feeding or microbial modulation.

Keywords: pancreatic cancer; cachexia; microbiome; metabolomics

Introduction

Pancreatic ductal adenocarcinoma (PDAC) is an aggressive malignancy where the majority of
patients diagnosed with PDAC will have unresectable, locally advanced or metastatic disease
(collectively termed advanced PDAC) [1]. The clinical course of PDAC is often characterized by
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cachexia, a multifactorial syndrome defined by weight loss, muscle wasting, and systemic
inflammation. Nearly 80% of PDAC patients develop cachexia with enteral feeding having been used
for nutritional support in select patient populations [2]. Despite a multidisciplinary approach to
treatment of PDAC cachexia including nutritional assessment, dietary counseling, nutritional
supplementation, pancreatic enzyme replacement therapy, and pharmaceutical interventions, novel
and effective anti-cachexia interventions are a high unmet need given the tendency of cachexia to
contribute to increased morbidity and mortality and decreased quality-of-life in patients diagnosed
with pancreatic cancer.

We previously conducted a single-institution, single-arm prospective clinical trial (PANCAX-1)
enrolling subjects with advanced or locally advanced PDAC and cachexia, defined as greater than
5% unexplained weight loss within 6 months from screening, to receive three 28-day cycles of a semi-
elemental peptide-based formula, administered through a jejunal or gastrojejunal feeding tube
alongside standard-of-care chemotherapy [3]. Out of 36 eligible subjects, 31 underwent jejunal tube
placement and 16 subjects completed the full 12-week course of enteral feeding. The primary outcome
of weight stability at 12 weeks was achieved in 10 patients (62.5%). Statistically significant
improvements in lean body mass, appendicular lean mass, and multiple health-related quality-of-life
metrics were observed in PDAC subjects with cachexia receiving enteral nutrition.

PANCAX-1 was uniquely designed to allow collections of stool and blood across multiple
timepoints of enteral feeding for preplanned exploratory analyses in a cachectic population of
advanced PDAC subjects all receiving enteral nutrition. The gut microbiome has been implicated in
cancer cachexia through multiple mechanisms and manipulation of the microbiome to treat cancer
cachexia is actively being explored [4]. Given the possible links between cachexia, nutrition support,
and the fecal microbiome, this study focused on microbiome changes in response to nutrition support
as a cancer cachexia intervention. Specifically, we sought to characterize, for the first time, the stool
microbiome composition in patients with advanced PDAC receiving enteral feeding for the treatment
of cachexia.

Methods

The PANCAX-1 prospective trial (NCT02400398) enrolled 36 patients with advanced PDAC
meeting consensus criteria for cachexia planned for standard-of-care chemotherapy to receive enteral
feeding (Peptamen 1.5) over 12 weeks [3]. As part of study correlatives, stool and blood samples were
collected at baseline or time 0, 6 weeks, and 12 weeks of enteral feeding and chemotherapy. DNA
extraction and sequencing of the 16S ribosomal RNA gene was performed for fecal samples as
previously described [5]. Metabolites were extracted from plasma and analyzed with mass
spectrometry-liquid chromatography (Agilent Technologies, Santa Clara CA) where up to 219 polar
metabolites within each sample were measured by relative area under the curve.

Patients (>18 years) diagnosed with locally advanced, unresectable or metastatic PDAC were
enrolled into PANCAX-1 from outpatient gastrointestinal oncology clinic at Cedars-Sinai Medical
Center after providing informed consent. Briefly, eligible patients included those with locally
advanced, unresectable or metastatic PDAC referred for standard chemotherapy who fulfilled
criteria for cachexia (defined as greater than 5% unexplained weight loss within 6 months prior to the
screening visit). Enrolled patients received enteral feeding (Peptamen) through a jejunal or
gastrojejunal tube placed prior to study initiation and were planned for standard-of-care
chemotherapy. The design and primary results of PANCAX-1 have been described elsewhere [3]. Out
of 31 consenting patients from PANCAX-1, 16 subjects were evaluable for the primary outcome of
weight stability. As part of study correlatives, 29 total stool samples were collected from the 16
evaluable patients enrolled in the study over 3 pre-defined time points over the 12 weeks of enteral
feeding.

Association of microbial genera with clinical metadata were evaluated using DESeq2 in R and
p-values for differential abundance were converted to g-values to correct for multiple hypothesis
testing (<0.05 for significance). Differences in plasma metabolite levels were compared by fold change
using two-sample t-tests (p<0.05 level of significance). Patients were stratified by weight stable
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(defined as weight change <0.1 kg/baseline BMI-unit over 12 weeks of enteral feeding) vs. weight
unstable and high vs. low Veillonella abundance (defined by dichotomizing at the mean relative
abundance in weight stable subjects).

Results

A total of 29 stool samples were prospectively collected from 16 subjects with advanced PDAC
enrolled in PANCAX-1 who were evaluable for weight stability, defined as weight change <0.1
kg/baseline BMI-unit over 12 weeks of enteral feeding. Of these, 6 subjects had complete sets of stool
samples collected at 0 (C1D1), 6 (C2D1), and 12 (C3D1) weeks of enteral feeding where changes in
relative abundance by genera were observed over time (Figure 1A). On differential abundance testing
from C1D1 to C3D1, C3D1 samples were significantly associated with higher abundance of Veillonella
(p=0.0150) and Actinomyces (p=0.0390) and lower abundance of Bacteroides (p=0.0150) and
Butyricicoccus (p=0.0390) (Figure 1B). Stool samples collected at C1D1 (baseline) from 8 subjects were
evaluated for microbiome associations to weight stability. Here, weight stability was significantly
associated with greater abundance of Veillonella (p=0.0006) (Figure 1C).
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Figure 1. Stool microbiome composition and differential abundance testing over 12 weeks of enteral
feeding in patients with locally advanced or advanced PDAC. A) Representation of relative
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abundance by genera. Each color represents a different genus which shows the
variability not only over cycles, but also from subject to subject. Stool samples from six
patients were analyzed from cycle 1 to cycle 3 (i.e., weeks 0, 6, and 12) of enteral feeding.
Relative abundance testing was completed for visual variability using a taxa summary
plot and analyzed for significance. B) Differential abundance testing from C1D1 to
C3D1 of enteral feeding demonstrating the change in genera over time due to
treatment. Although no statistically significant changes in overall microbiome
composition from C1D1 to C3D1 was observed (p=0.7586), C3D1 samples were
significantly associated with higher abundance of Veillonella (p=0.0150) and Actinomyces
(p=0.0390) and lower abundance of Bacteroides (p=0.0150) and Butyricicoccus (p=0.0390).
Relative abundance is also shown visually. C) Differential abundance testing between
subjects that achieved weight stability or not with 12 weeks of enteral feeding.
Statistical analysis of the change in genera between weight stable and unstable groups
showed that Veillonella (p=0.0006) was significantly linked to greater weight stability.
Although Bifidobacterium was identified as less prevalent in this test (p=00002.35),
analysis using a taxa summary plot suggests that it was driven by a high percentage of
this bacterium in one patient. Relative abundance is also shown visually.

Analysis of plasma metabolites in subjects with advanced PDAC receiving enteral feeding and
chemotherapy showed that weight stability was significantly associated with levels of specific
essential/non-essential amino acid and nucleosides (Figure 2A-B), while stool Veillonella abundance
was significantly associated with unique metabolic signatures as well (Figure 2C-D). Specifically,
plasma metabolomics in 10 patients showed that weight unstable subjects (n=4) had significantly
decreased levels of essential amino acids (AAs, L-histidine, L-phenylalanine) and non-essential AAs
(L-citrulline, L-tyrosine, all p<0.05) than weight stable subjects (n=6) at the end of 12 weeks of enteral
feeding. In 7 weight stable subjects with complete serial sets of blood samples available, enteral
feeding over 12 weeks was associated with increases in markers of muscle mass (creatinine) but
decreases in nucleotide precursors (all p<0.05) compared to baseline. Comparison of baseline
metabolites between 6 weight stable subjects with high stool Veillonella abundance and 4 weight
unstable subjects with low stool Veillonella abundance showed that high stool Veillonella abundance
was associated with increases in the nucleotide 2-deoxycytidine 5-diphosphate and essential AA L-
isoleucine but decreased TCA cycle metabolite alpha-ketoglutarate (all p<0.05). Decreases in lactic
acid was observed at 12 weeks of enteral feeding in high stool Veillonella abundance subjects when
compared to baseline (p<0.05).

doi:10.20944/preprints202401.0727.v1
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Figure 2. Analysis of plasma metabolites in patients with locally advanced or advanced PDAC
receiving enteral feeding for cachexia. A) Analysis of C3D1 plasma metabolites from 10 enteral-fed
subjects (6 weight stable, 4 weight unstable) showed significantly reduced levels of essential (L-
histidine, L-phenylalanine) and non-essential amino acids (L-citrulline, L-tyrosine) in weight unstable
subjects (red) compared to weight stable subjects (blue). B) In 6 subjects who achieved weight stability,
there were significant increases in plasma creatinine and N-acetyl D-galactosamine but decreases in
deoxyguanosine 5-triphosphate and xanthosine from C1D1 (blue) to C3D1 (red) of enteral feeding. C)
In blood samples collected at baseline (C1D1) from 6 subjects with stool samples showing high
Veillonella (red) relative abundance and 4 subjects with stool samples showing low Veillonella (blue)
abundance (dichotomized at the mean relative abundance), high Veillonella abundance in stool was
associated with in significant increases in 2-deoxycytidine 5-diphosphate and L-isoleucine but
decreases in adipic acid and alpha-ketoglutaric acid. D) In 4 subjects with high abundance of
Veillonella in stool and had achieved weight stability, plasma levels of cellobiose, lactic acid, and
xanthosine significantly decreased from C1D1 (blue) to C3D1 (red) of enteral feeding. *p<0.05,
**p<0.005.

Discussion

In this retrospective analysis of prospectively collected stool samples from a cohort of advanced
PDAC patients treated with enteral feeding and standard chemotherapy as part of the PANCAX-1
clinical trial, we sought to evaluate the changes in the stool microbiome and plasma metabolites
throughout 12 weeks of nutrition intervention with enteral feeding in cachectic subjects with PDAC.
Cancer cachexia remains highly prevalent among pancreatic cancer patients and is associated with
poor survival outcomes [2]. It is increasingly recognized that supportive care inclusive of nutritional
assessment, counseling, pancreatic enzyme supplementation, and nutritional supplement
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replacement are evidence-based strategies that can stabilize or reverse weight loss in PDAC patients
and improve outcomes [2]. Thus, interventions to mitigate pancreatic cancer-related weight loss can
be transformative, and we and others have shown that nutritional intervention through enteral
feeding has shown potential to mitigate weight loss in specific PDAC patient subsets [3]. However,
enteral feeding is an invasive process and not all patients are likely to benefit from this intervention.
Consequently, less invasive but innovative anti-cachexia strategies are welcomed and development
of biomarkers to help identify those who could benefit from nutritional supplementation could prove
indispensable in PDAC patients where cachexia is prevalent in early 85% of cases.

We are among the first to characterize the stool microbiome composition in advanced PDAC
patients in a prospective clinical trial whereby all patients were enteral fed as their primary source of
nutrition, thereby representing a homogenous (from a source of nutrition standpoint) and internally
controlled population. Here, we identified a novel association between Veillonella in cachectic patients
whose abundance increased over time and was associated with greater weight stability. Furthermore,
plasma metabolomics identified several metabolites of interest that were significantly associated with
weight stability and high stool abundance of Veillonella in this enteral-fed cohort. Veillonella has been
shown to be a protective microbe against PDAC in a separate prospective cohort [6] and among the
most abundant genera in cachectic PDAC patients where short-chain fatty acids may be a cachexia
marker [7]. Among the bacterial genera decreased in abundance over 12 weeks of enteral feeding was
Bacteroides. An abundance of Bacteroides has been implicated in the pathogenesis of other
gastrointestinal cancers, whereas in our enteral-fed PDAC cohort we observed a decrease abundance
in this species over time [8].

In analyses of plasma metabolites across subjects achieving weight stability vs. those who did
not achieve weight stability, we observed significantly reduced levels of several essential and non-
essential amino acids. This is not unsurprising as deficiencies in multiple intermediates of
bioenergetic pathways have been characterized in states of cancer cachexia where there is a strong
trend towards catabolism and negative protein-energy balance [9-12]. Multiple groups have
recognized amino acid supplementation as a foundation of nutritional support approaches in
patients with cancer cachexia [9-12]. Interestingly, we observed differences in several metabolites in
subjects with high stool abundance of Veillonella compared to low abundance of Veillonella as well as
over time with enteral feeding in those with high stool abundance of Veillonella. A previous study
identified a potential relationship between the genera Veillonella and exercise performance, where
inoculation of Veillonella atypica isolated from stool samples of marathon runners was able to enhance
exercise performance in mice [13]. Furthermore, it was shown that the active metabolite, propionate,
was sufficient to reproduce the enhanced exercise performance in these mouse models, suggesting
that a breakdown product of lactate metabolism in Veillonella could be contributing to the beneficial
effects of this microbe towards exercise performance. Our plasma metabolomic findings are
exploratory, but reinforce that further characterization of Veillonella and its active metabolite(s) is
warranted and could prove timely in ongoing efforts to modulate the gut microbiome to mitigate
PDAC cachexia. Lastly, we have previously demonstrated feasibility in associating plasma
metabolites to chemotherapy response in advanced PDAC subjects [14]. Our findings are supportive
of future efforts focused on identifying novel metabolic and microbial signatures that could serve as
predictors of response to anti-cachexia interventions as well.

This study was limited by its small sample size. Although the uniqueness of our cohort lies in
the fact that all PDAC patients were enteral fed with the same semi-elemental formula as the primary
source of nutrition, heterogeneity exists in the chemotherapy regimen offered and disease severity.
For example, some patients were treated in refractory settings (second-line treatment), while others
received first-line standard chemotherapy. Future studies will thus be better served if the impact of
the gut microbiome from chemotherapy could be characterized from those by enteral feeding in
PDAC patients. Despite these limitations, our results provocatively suggest that certain gut
microbiome and plasma metabolic signatures may be associated with improved weight stability in
PDAC subjects treated with aggressive nutritional supplementation and standard chemotherapy.
Further validation of our findings in larger, ideally prospective cohorts of PDAC patients is
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warranted particularly as data continues to build in therapeutic strategies to counteract PDAC
cachexia. Furthermore, as clinical trials are now being conducted whereby gut microbiome
modulation is induced by administering patients with specific bacterial species, our study is
hypothesis-generating to support future research into the modulation of the gut microbiome to
mitigate weight loss and overall improve outcomes in PDAC patients.

Conclusions

Our findings suggest that certain bacterial genera may be associated with weight stabilizing
effects observed in cachectic patients with pancreatic cancer treated with 12 weeks of enteral feeding
and standard-of-care chemotherapy. To our knowledge, this is the first study of its kind, evaluating
changes in the stool microbiome and metabolomics in paired samples resultant from enteral feeding
in PDAC patients with cachexia. Our findings support further investigation into the potential for
future development of novel fecal and metabolic biomarkers of response to anti-cachexia therapies
for cachectic patients with PDAC. Additionally, we have identified unique bacterial genera and
related metabolites that warrant further study into anti-cachexia strategies focused on microbial
modulation.
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