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Abstract

Background

Liver cirrhosis is associated with gut microbiome dysbiosis, intestinal inflammation and gut barrier
dysfunction, contributing to reduced quality of life and the development of complications. In a recent
retrospective study, we showed that L-ornithine-L-aspartate (LOLA) was associated with improvement
in taxonomic composition of the microbiome. We aimed to study prospectively, whether LOLA can

improve gut microbiome dysbiosis and function, sarcopenia, frailty, ammonia levels and quality of life.

Materials and Methods

In a monocentric, open-label, phase 4 study, patients with liver cirrhosis and hepatic encephalopathy
grade 0-2 (assessed by either number connection test or critical flicker frequency or Westhaven
criteria) received LOLA 18g/day orally for 3 months. We studied gut microbiome composition and
function (16S rRNA gene sequencing, analysis of alpha and beta diversity, taxonomic differences
assessed by LEfSe and paired Wilcoxon rank sum test, Tax4fun to predict function), quality of life (short
form 36 questionnaire, SF36), serum ammonia, measurements of sarcopenia and frailty (appendicular
lean muscle mass, anthropometric measures, liver frailty index, SARC-F), biomarkers of sarcopenia
(myostatin, irisin, fibroblast growth factor (FGF)-21, insulin like growth factor (IGF-1)), biomarkers for
gut permeability and inflammation (soluble CD14 (sCD14), LPS binding protein (LBP), calprotectin,
zonulin, diamine oxidase (DAQ)) and alterations in the metabolome (Nuclear Magnetic Resonance

(NMR) spectrometry in stool, serum and urine).

Results

258 patients were screened, 65 included and 52 patients (40.4% female, age 62 (58; 65)) completed
the study. LOLA intake did not influence the abundance of Flavonifractor or Oscillospira in the gut
microbiome. LOLA intake decreased the abundance of the genus Romboutsia but did not alter
microbiome diversity or predicted function. LOLA significantly improved the SF36 dimension vitality
(from 45 (35; 60) to 50 (45; 60), p=0.019). LOLA also decreased serum ammonia in patients with
elevated baseline values (n=10; from 69.5 (54; 225) umol/L to 46.0 (22; 66) umol/L, p=0.004). Muscle
mass declined over the study period in many patients, but not in the subgroup of patients with elevated
and subsequently improved ammonia levels. Sarcopenia, frailty scores, muscle biomarker and
biomarker for gut inflammations and gut permeability (calprotectin, zonulin, sCD14) did not improve
either. However, DAO, as a marker of gut barrier dysfunction, decreased significantly (from 12.75 U/mL
(11.25; 17.45) to 11.15 U/mL (9.9; 15.65), p=0.016) and LBP, as a marker of innate immune response

to bacterial translocation, increased significantly (from 17.05 pg/mg (14.7; 19.8) to 17.39 ug/mg (16.2;
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21.9), p=0.006). Metabolomic analysis indicated significant intervention associated changes in alanine

levels and slight changes in other amino acids and lipoproteins.

Conclusion

LOLA improved vitality in patients with cirrhosis, a clinically relevant patient reported outcome
parameter. LOLA also improve intestinal permeability, innate immune response and altered
microbiome composition as well as amino acid profiles in the whole cohort. LOLA prevented muscle
loss only in patients with elevated ammonia levels at baseline. LOLA may therefore be a useful adjunct
treatment to improve quality of life in cirrhosis and to prevent muscle loss in hyperammonemic

patients.
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Introduction

Chronic liver diseases and liver cirrhosis are on the rise in Europe, especially alcohol related cirrhosis
(1,2). Cirrhosis is associated with a more than six-fold increase in-hospital mortality, mainly due to
complications such as infections, renal failure, hepatic encephalopathy, bleeding, or sarcopenia (2).
The gut microbiome is currently understood as a key driver of complications of cirrhosis (3). Gut
microbiome composition has been found to be severely altered in liver cirrhosis in general with a
reduction in bacterial diversity and an increase in potential pathogens (4). Factors influencing the
microbiome in cirrhosis are etiology and severity of liver disease, drug intake, nutritional status and
inflammation (5). Gut microbiome dysbiosis in cirrhosis is further associated with alterations in gut
permeability, bacterial translocation and immune reaction, attributing to the risk of complications and
mortality (6). In general, many human-targeted drugs can alter the composition of the gut microbiome
(7). So far mainly negative effects of drugs on the gut microbiome have been described (7,8). Positive
modulations of the gut microbiome may be achieved using pre- or probiotics (9-12). However,
systematic assessments of already licensed drugs are lacking. One commonly used drug in liver
cirrhosis is L-ornithine-L-aspartate (LOLA). The amino acids L-ornithine and L-aspartate in LOLA
dissociate readily and are consecutively absorbed. L-ornithine serves as an intermediary in the urea
cycle in periportal hepatocytes in the liver and as an activator of carbamoyl phosphate synthetase, and
both amino acids also lower ammonia levels by transamination to glutamate via glutamine synthetase
in perivenous hepatocytes as well as by skeletal muscle and brain (13). Therefore, it is used as an
ammonia-lowering agent in patients with covert or overt hepatic encephalopathy. Hepatic
encephalopathy (HE) is one of the most debilitating complications of cirrhosis and associated with
increased morbidity and mortality (14). Although the pathogenesis is still incompletely understood,
nowadays it is assumed that protein and urea breakdown by colonic bacteria leads to ammonia release
and due to the reduced capacity of the liver to detoxify, ammonia accumulates and is shunted into the
systemic circulation (15,16). Ammonia accumulates in the brain and has neurotoxic effects, especially
on astrocytes (17,18). LOLA is therefore part of the standard regimen to treat hepatic encephalopathy
and prevent further episodes. (19) Besides these direct effects on hepatic encephalopathy, also
additional functions of LOLA, such as hepatoprotective effects or effects on restoring skeletal muscle
proteostasis, have been proposed but are not fully explained to date (20). Since oral LOLA encounters
the human gut microbiome and the intestinal barrier first, effects on the gut microbiome and intestinal
permeability may play a role in the clinical effects of LOLA. We recently showed in a retrospective
setting for long-term LOLA treatment, that in the microbiome, the genera Flavonifractor and
Oscillospira were more abundant in patients treated with LOLA compared to the control group, while
alpha and beta diversity were comparable between groups (21). Differences in stool and serum

metabolomes reflected the pathophysiology of hepatic encephalopathy and confirmed LOLA intake. In
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the urine metabolome, the ethanol to acetic acid ratio was lower in patients treated with LOLA
compared to controls. Patients treated with LOLA also showed lower serum levels of insulin-like
growth factor 1 (IGF-1) than patients without LOLA treatment. No differences in gut permeability or
inflammation markers were found in our retrospective study. Higher abundance of Flavonifractor and
Oscillospira in LOLA treated patients could indicate LOLA as a potential microbiome modulating
strategy in patients with liver disease. The lower levels of IGF-1 in patients treated with LOLA suggest
a possible link between the pathophysiology of hepatic encephalopathy and muscle health (21).

Here we conducted a monocentric, observational phase 4 study, to test the effects of a three-month
long intervention with LOLA in cirrhotic patients, on the abundance of the genus Flavonifractor, a
change in alpha or beta diversity, a shift in the taxonomic composition or predicted gut microbiome
function. Further, stool serum or urine metabolome composition, ammonia blood levels as well as
biomarkers of gut permeability were assessed. Sarcopenia was assessed via anthropomethric
measurements, hand grip strength, gait speed, balance or a change in muscle mass as well as
assessment of the liver frailty index. Quality of life was assessed via short form (SF)-36, SARC-F and

Barthel activities of daily living (ADL) index.
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Methods

Trial Design

Monocentric open observational phase IV study in 65 patients with liver cirrhosis. The study protocol
was approved by the institutional review board of the Medical University of Graz (35-028ex22/23)
registered at ClinicalTrials.gov (NCT05737030).

Participants

Recruitment
Patients were recruited from 07.02.2023 to 29.04.2024 at the outpatient clinic at the Department of
Gastroenterology and Hepatology at the Medical University of Graz by chart review for prescreening

and inviting potentially eligible patients for screening by the staff hepatologists.

Inclusion & Exclusion

Adult patients (18 years of age or older) with the diagnosis of liver cirrhosis using clinical, imaging or
histopathological tests and have hepatic encephalopathy (Grade 0-2) diagnosed either through
Westhaven criteria (overt HE — HE grade 1-2) or a critical flicker frequency below 39 Hz and/or a
number connection test A over 30 seconds (covert HE — HE grade 0) were eligible after signing a written
informed consent and accepting the usage, publication and confidential use of their encoded data.
Exclusion criteria included: allergies to LOLA or its constituents (or medication with similar chemical
structure), recent changes in medication-dose of lactulose therapy for HE, intake of antibiotics, LOLA

or L-dopamine, renal insufficiency or hepatocellular carcinoma, pregnancy or breastfeeding.

Study conduct
Study related procedures were performed by trained personnel according to ICH-GCP guidelines, visits

were undertaken on an outpatient basis. The study was monitored by the Coordination Center for
Clinical Studies from medical University of Graz. At baseline (T0) and at the end of the intervention
(T1), detailed medical history (past and present diagnoses, concomitant medication, comorbidities,
complications of liver cirrhosis and adverse events), demographic parameters (gender, age, date of
birth), lifestyle factors (physical activity, smoking, alcohol consumption), type of diet (food preference
guestionnaire) as well as vital signs (blood pressure, heart rate) were collected. Anthropometric data
(weight, height, mid-arm muscle circumference, triceps skinfold thickness), handgrip strength (HGS),
balance and gait speed and body composition using dual X-ray absorptiometry (DXA) were collected
and measured and liver frailty index was calculated. Blood, serum, urine and stool samples were

collected for analysis of research biomarkers. Liver disease severity scores were calculated from

8
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laboratory and clinical data (Child-Pugh and MELD). Quality of life was assessed using the SF-36, SARC-
F and Barthel ALD index, before the three-month long intervention with LOLA. Collection of the patient

data was performed using RedCap (Vanderbilt University, Nashville, USA).

An increase in abundance in the genus Flavonifractor after the three-month intervention period was
considered as the pre-determined primary endpoint of the study. Several secondary outcome
measures were defined, such as a change in quality of life, a change in alpha or beta diversity of the
gut microbiome, a change in the taxonomic composition of the gut microbiome or a change in the
predicted gut microbiome function after three months of LOLA treatment. Also, a change in quality of
life, in in muscle mass, handgrip strength, gait speed, anthropometric parameters; in blood ammonia
levels and changes in biomarkers for gut permeability and inflammation; changes in the metabolic
composition of stool, serum and urine, the occurrence of cirrhosis-complications as well as safety of

the intervention were considered as secondary endpoints.

Biomarkers for sarcopenia gut inflammation and gut barrier function were assessed by ELISA.
Microbiome composition was assessed by 165 rRNA gene analysis from stool samples and metabolome
composition was assessed by NMR spectrometry in stool, serum and urine samples. Detailed

descriptions of the outcome assessment are given below.

Intervention
Hepa-Merz® Granulat 3g (Merz Therapeutics GmbH, Frankfurt, Germany), containing L-ornithine-L-
aspartate as an orange-coloured granulate was administered as two sachets 3 times a day (18g in

total), and consumed dissolved in a glass (200 ml) of water, tea or juice.

Sample size

In preliminary data, LOLA-users showed a relative Flavonifractor abundance of 0.0041 as compared to
non-users of 0.00071. Standard deviation was 0.0058. To detect a difference like this before and after
a 3-months LOLA-treatment with an alpha of 5% and a beta of 20%, 55 patients need to be included in

the study (assuming a 20% dropout rate).

Blood and Stool sampling, routine blood analysis

For routine parameters, blood was sampled in EDTA, lithium-heparin and sodium-citrate tubes. For
analysis of research parameters, blood was sampled in serum-, EDTA, sodium-citrate and lithium-
heparin tubes. To get plasma, blood was centrifuged at 2000xg for 10 min; to get serum, blood samples
were kept at room temperature for 30 minutes and then centrifuged. After centrifugation, plasma or

serum was aliquoted under pyrogen-free conditions and stored at -80°C. Analysed routine blood



LOLAbiom Report CBm @d
:.. )MARKER RESEARC

biochemistry parameters included: full blood count, electrolytes, renal function, liver function
including ammonia, blood clotting and inflammation parameters. Reference values (median or ranges)
for these values were applied according to the Clinical Institute for Medical and Chemical Laboratory
Analysis at the University Hospital Graz. Liver disease severity scores were be calculated from
laboratory and clinical data (Child-Pugh and MELD). Stool samples were collected by the patients at
home prior to the study visits in sterile collection tubes. Samples where aliquoted and frozen at -80°C

upon arrival until further analysis.

Microbiome analysis

For microbiome analysis, stool samples were thawed, and DNA was isolated using the SphaeraMag®
Genomic DNA Fecal Purification Kit (Procomcure Biotech). Samples have been processed individually
in tubes to minimize the risk of cross-contamination. Library preparations and sequencing were done
according to the Illumina protocol. Hypervariable regions V1-V2 were amplified using the primers 27F-
AGAGTTTGATCCTGGCTCAG; R357-CTGCTGCCTYCCGTA. Sequencing was done with an Illumina
NextSeq2000 instrument according to the application note. The quality of the raw sequencing data
was checked with FastQC and MultiQC implemented in a local Galaxy instance. Based on the quality
report, truncating parameters were set to 250 and 250 for forward and reverse reads, respectively.
Furthermore, the first 10 bases of all reads were trimmed given the non-random distribution of bases
in this area. Trimmed and truncated reads were handed off to the dada2 inference algorithm made
available through QIIME2 (22) tools. Denoising was performed independently with a maximum error
rate of 2 for both forward and reverse reads. Reads were truncated at the first instance of a quality
score less than 2, and the minimum merging region was defined as 12 bases. Chimera detection was
performed in consensus mode, with the minimum abundance of potential parents of a sequence being
tested as chimeric being set to 1. The error model was trained on 1.000.000 random reads. A naive
Bayesian classifier was trained on the SILVA database version 138 with a release threshold of 99%
identity. A phylogenetic tree was built by creating a sequence alignment using MAFFT, after which any
alignment columns that are phylogenetically uninformative or ambiguously aligned were removed.
The resulting masked alignment was used to infer a phylogenetic tree and then subsequently root it at
its midpoint using FastTree. The resulting count table, classification, and rooted tree were then
exported as .qza files for import into the R-based CBmed Microbiome Analysis Platform for further
data cleaning and statistical analysis as described below. Raw sequence data are deposited in the
National Center for Biotechnology Information sequence read archive (NCBI SRA, accession no.

PRINA1223152).

10
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Quality of life and sarcopenia measures

Quality of life was assessed via the SF-36 questionnaire (23) and neuromuscular or musculoskeletal
disorders were measured with the Barthel ALD Index (24). Reference values for SF-36 scores were
applied according to (25). Suggestive signs of sarcopenia were screened with the SARC-F questionnaire
(26). Hand grip strength (HGS) (27), gait speed (timed 4-m walk) (28), balance (29), triceps skinfold
thickness (TSFT) and mid-arm muscle circumference (MAMC) (30) were assessed as previously
described. BMD via DXA was performed using the Lunar iDXA system (GE Healthcare GmbH, Vienna,
Austria) at the Department of Endocrinology, Medical University of Graz (31). Appendicular skeletal
muscle mass (ASM), appendicular skeletal muscle mass index (ASMI) and appendicular lean muscle
mass (ALM) were calculated as the EWGSOP2 recommended (32). Reference values for ASM, ASMI
and ALM were applied according to (33,34). Liver frailty index (LFI) was calculated according to (35)
using the measured parameters of average (3 attempts) dominant hand grip strength (HGS), time for
5 chair raises (chair raise per sec) and the total time of balancing capabilities for side, semi-tandem
and tandem. Gender adjusted HSG was calculated as follows: for males average HSG was subtracted
with 34.175 and then divided by 9.976; for females average HSG was subtracted with 21.863 and then
divided by 6.312 (personal communication with (35)). Reference values for LFl were applied according
to (35).

Sarcopenia, gut permeability, bacterial translocation biomarkers

Biomarkers for sarcopenia, gut permeability, bacterial translocation, and innate immune response
were assessed by ELISA. ELIA kits for Diamine oxidase (DAO, serum), zonulin (stool), calprotectin
(stool), myostatin (EDTA plasma) were purchased from Immundiagnostik, Bensheim, Germany); ELISA
kits for Insulin-like growth factor-1 (IGF-1 EDTA), FGF21 (EDTA plasma) and sCD14 from Bio-Techne,
Minneapolis, MN, USA; ELISA Kkits for irisin (EDTA) from Biovendor, Brno, Czech Republic; and ELISA
kits for lipopolysaccharide binding protein (LBP, EDTA plasma) from Hycult Biotech, Uden, The
Netherlands). All assays were performed according to the manufacturer's instructions without

modifications, with reference values applied as specified in the results section.

Metabolomics analysis

Lipoproteins, small molecular metabolites, and glycoproteins of serum samples were measured on a
Bruker 600 MHz Avance Neo NMR spectrometer (Bruker, Rheinstetten, Germany) as described
previously (36). Serum samples were thawed, and 300 pL of each sample were mixed with 300 pL of
Bruker serum buffer (Bruker, Rheinstetten, Germany). For urine analysis, 540 ul of each sample were
mixed with 60 ul of Bruker urine buffer. Samples were measured in 5 mm glass tubes and placed into
a Samplelet rack (Bruker, Rheinstetten, Germany). Proton spectra were obtained at a constant
temperature of 310 K using a standard nuclear Overhauser effect spectroscopy (NOESY) pulse

sequence (Bruker: noesygpprld), a Carr—Purcell-Meiboom—Gill (CPMG) pulse sequence with pre-

11
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saturation during the relaxation delay (Bruker: cpomgprid) to achieve water suppression, a fast scan 2D
J-resolved (JRES) pulse sequence (Bruker: jresgpprgf), and J-edited diffusional 1H-NMR spectra (JEDI
or PGPE, respectively) were recorded. Raw data analysis was carried out using the Bruker IVDr Plasma
(B.I.) module (for the quantification of lipoproteins and small molecular metabolites), and the
PhenoRisk PACS™ RuO module was used for quantifying glycoproteins in the analysis software
(Topspin version 4.4, Bruker). Fecal samples for NMR spectroscopy measurements were prepared as
previously described (36). Briefly, 200 uL of samples (50 to 100 mg of stool in 2 mL of DNA/RNA shield)
were mixed with 400 uL methanol to inactivate and precipitate proteins. The remaining solids were
lysed using a Precellys homogenizer (Bertin Technologies SAS, Montigny-le-Bretonneux, France) and
stored at -20 °C for 1 h, followed by centrifugation for 30 min at 10,000x g at 4 °C. Finally, the
supernatants were lyophilized, resuspended in 500 pL NMR buffer (0.08 M Na2HPO4, 5 mM 3-
(trimethylsilyl) propionic acid-2,2,3,3-d4 sodium salt (TSP), and 0.04 (w/v) % NaN3 in D20, with the pH
adjusted to 7.4 with HCl or NaOH, respectively), and transferred into 5 mm NMR tubes for
measurement on the NMR instrument using the CPMG pulse sequence as described. Spectra pre-
processing and data analysis were carried out using MatlabR scripts (courtesy of Prof. Jeremy
Nicholson, Imperial College London, London, UK). NMR data were imported to MatlabR vR2014b
(Mathworks, Natick, MA, USA), with the regions around the water, TSP, and remaining methanol
signals excluded, aligned, and corrected for the sample metabolite dilution by probabilistic quotient
normalization. The reported values correspond to an arbitrary unit (A.U.) derived from the area under

the peak being proportional to concentration.

Data preprocessing was performed using R (37). Only patients with samples from both timepoints were
included in the analysis. Metabolites were filtered based on detection frequency: serum and stool
metabolites had to appear in 280% of samples, and urine metabolites in 220%. Missing values,
assumed to be below the limit of quantification, were imputed using quantile regression imputation
for left-censored data (QRILC) (38) via the impute.QRILC() function from the imputeLCMD package
(39).

Statistical methods

Metadata analysis

Clinical data (patient data, measured laboratory parameters, blood chemistry, etc.) were documented
in paper based case report forms and in the patient charts as source data, transferred to RedCap and
then exported from RedCap as .csv files, and imported into R-studio using the read.csv function from
the utils package (40). Median and 95% confidence intervals of baseline characteristics were calculated
using the MedianCl function from the DescTools package (41). For longitudinal data, differences

between timepoints (delta values) were calculated and were tested for normality using the
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shapiro.test function from the stats package (40). To test if longitudinal data changed over the course
of the intervention, paired-t tests were conducted using the t.test function from the stats package (40)
for data following normal distribution; for not normally distributed data, Wilcoxon rank sum tests were
performed using the wilcox.test function from the stats package (40). Multiplicity control was
performed with the p.adjust function from the stats package (40), using the Benjamin Hochberg
correction. Significant changes from TO to T1 were visualized as boxplots using the ggplot2 package
(42).

Microbiome analysis

QIIME2 artifacts (.qza) of the count table, classification-file and the rooted tree together with a
corresponding metadata file were imported into R-studio using the qza_to_phyloseq function from the
giime2R package (43). Contaminating sequences were removed using the isContaminant function from
the decontam package (44). Mitochondrial and chloroplast ASVs were removed using the subset_taxa
function from the package phyloseq (45). Taxa with an abundance of zero were removed using the
prune_taxa function of the phyloseq package (45). After pre-processing, a median of 85402 (95% Cl:
74963-92148) reads per sample was available: (range from 34501 to 299143). Visualizations of
taxonomic composition were plotted using the packages mia (46) and ggplot2 (42). To calculate alpha
diversity measures samples were rarefied to minimal sample size (sampling depth: 34501 reads) using
the rarefy_even_depth function from the phyloseq package (45), before Faiths phylogenetic diversity
was calculated using the function estimate_pf from the btools package (47) and species richness,
Shannon diversity and inverted Simpson index were calculated using phyloseqgs estimate_richness
function (45). Evenness was calculated by dividing the Shannon diversity by the natural logarithm of
the species richness. To check for differences in the alpha diversity measures from TO to T1, a Wilcoxon
ranked sum test was performed. For beta diversity the distance function from phyloseq (45) was used
to calculate sample distance according to different distance metrices (Unifrac, weighted Unifrac, Bray-
Curtis dissimilarity and Jaccard index); the ordinate function was used to create principal coordinates
analysis (PCoA) which was plotted using phyloseqs plot_ordination function (45). Subsequent
permutational multivariate analysis of variance (PERMANOVA) was performed using the adonis2
function from the vegan package (48). Redundancy analysis was performed with the rda function from
the vegan package (48) and appendant analysis of variance (ANOVA) was conducted with the anova
function from the stats package (40). To identify differentially abundant taxa between the groups and
differences in the structural composition of the microbiome from TO to T1 different tools were used.
To determine features which most likely explain the difference between the two timepoints a linear
discriminant analysis of the effect size (LEfSe) was conducted using the run_lefse function from the
microbiomeMarker package (49). To identify features that are differential abundant between the two

timepoints while accounting for compositional nature of the data an analysis of compositions of
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microbiomes (ANCOM) was performed using the run_ancom function from the microbiomeMarker
package (49). To identify linear associations between the timepoint and individual features,
multivariate association analysis (MaAsLin2) was performed using the Maaslin2 function from the
Maaslin2 package (50). To calculate differential abundance of the bacterial biomarkers Oscillospira and
Flavonifractor, a taxonomy table was extracted from the phyloseq object via the tax_table function.
All OTUs of these two genera were selected and combined to make a genus wide comparison of their
abundance. To check their differential abundance a wilcox.test from the stats package (40) was
performed. To assess predicted gut microbiome function, the tool Tax4Fun, implemented in the
MicrobiomeAnalyst (51) platform, was used to generate a KEGG Orthology (KO) table. This was used

for Functional Diversity Profiling (51), linking the predicted functions to specific metabolic systems.

Metabolomics Analysis

To assess whether the overall metabolome showed significant shifts throughout the study, a
Permutational Multivariate Analysis of Variance (PERMANOVA) was performed using the adonis2
function from the vegan package (48) after calculation of the Bray Curtis distance. To get an overview
of the overall observable group separation between timepoints a Principal Component Analysis (PCA)
was performed using prcomp() from the stats package for exploratory purposes and visualized with
ggplot2 (42). Datasets were log,-transformed after QRILC imputation (38). PLS-DA was performed
using the mixOmics package (52) to identify metabolites driving separation between TO and T1. To
account for inter-patient variability, a multilevel correction for paired data was applied using the
withinVariation() function (52). Both log, transformation and z-score scaling were performed on the
data after imputation to standardize the metabolites. PLS-DA models were validated through cross-
validation, with performance assessment using permutation-based significance testing via the perf()
function (52). PLS-DA component plots were created to visualize timepoint separation, and Variable
Importance in Projection (VIP) scores were calculated to assess the influence of each metabolite in
distinguishing between groups. All plots were generated using ggplot2 (42). Metabolite Set Enrichment
Analysis (MSEA), using the KEGG pathway database as a reference, to identify enriched metabolic
pathways associated with changes in metabolite concentrations (serum, stool, urine) between TO and
T1. Following imputation, datasets were normalized (TSS), log,-transformed, and z-score scaled. Pre-

processed data was uploaded to MetaboAnalyst (53) to perform MSEA.

Results

Baseline characteristics

From 258 patients who were screened for eligibility, 65 started the intervention with LOLA. 193 were

not included because they did not meet inclusion criteria (n=30), met at least one of the exclusion
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criteria (n=28) or declined to participate in the study (n=135). During the three-month intervention

period, 14 patients (21.5%) dropped out of the study because of non-adherence to the study protocol

(n=6), side effects from the product (n=3), lost to follow up (n=1), adverse events (n=1) and withdrawal

of consent (n=1). In total, 52 patients finished the study per protocol and were included in the analysis.

Figure 1 shows a flow diagram summarizing the enrolment of participants throughout the study.

| Screened participants (n=258) |

/\

Excluded (n=193)

- Declined to participate (n=135) ‘
- Did not meet inclusion criteria (n=30)

LOLA Intake (n=65) |

- Met exclusion criteria (n=28)

.

- Consent withdrawn (n=1)
- Adverse event (n=1)
- Lost to follow-up (n=1)
- Non-adherence (n=6)
- Side effects (n=4)

Figure 1: Patient flow chart

‘ Analyzed cohort (n=52) ‘

From 52 included patients, 40.4% (n=21) were female and 59.6% (n=31) were male, and the age ranged

from 40 to 76 years with a median of 62 years (95% Cl: 58-65). Patient characteristics are shown in

Table 1.

Table 1: Baseline characteristics.

Characteristics Female (n=21, 40.4%)

Male (n=31, 59.6%)

Total (n=52/100%) Difference (m/f) [p-value]

Age (years) 64 (57;69) 60 (54;67) 62 (58/65) 0.412
BMI (kg/m?) 25.2(22.8;32.3) 27.6 (24.4;29.7) 26.6 (24.4;29) 0.478
Physical exercise (h/week) 4(2;6) 0(0;5) 3(0;4) 0.572
Smoking (y/ex) (7/6) 1 46.7% (8/7)153.3% (15/13) / 100% 0.398
Packyears 15 (7;22.5) 18.8 (7.5;40) 16.9 (10;22.5) 0.489
Alcohol use (y/n) 1/20 (4.8%/95.2%) 7124 (22.6%/77.4%) 8/44 (15.4%/84.6%) 0.013*
Alcohol use (days/week) 7 2(1;7) 3(1;7) 0.467
Alcohol use (g/week) 63 72 (18;378) 67.5(18;378) 0.05*
Alcohol use (g/sitting) 9 36 (18;54) 27 (9;54) 0.025*
Diabetes 8/53.4% 7146.6% 15/100%

Cholesterol lowering medication* 4/50% 4/50% 8/100%

Data is given as median value (95% Cl) or number/percentage;

ezetimibe

* 7 patients took statins, one patient took

15



CBmed

... BIOMARKER RESEARCH
@ \G APPLIED PRECISION MEDICINE

LOLAbiom Report

The abundance of the genus Flavonifractor remained unaffected by LOLA Treatment

Investigation of the relative abundance for the genera Flavonifractor (primary endpoint) and
Oscillospira revealed that there was no significant change from TO to T1 for both genera within the
whole cohort (Figures 2 A-B). The genus Flavonifractor occurred in 48 of the 52 patients, where it was
detected in 44 patients at TO and in 47 patients at T1. Overall relative abundance of the genus
Flavonifractor decreased (Figure 2A) but did not reach statistical significance (p=0.343). The genus
Oscillospira occurred in 20 patients in total. The genus was detected in 16 patients at baseline and in

13 patients at T1. Its relative abundance increased (Figure 2B), however it did not reach statistical

significance (p=0.422).
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Figure 2: Relative abundance the bacterial genera Flavonifractor and Oscillospira at TO and T1 (A) and (B) show results for the
whole cohort (n = 52) were Flavonifractor occurs in 48 patients (TO: n=44; T1: n=47) and Oscillospira occurs in 20 patients (TO:
n=16; T1: n=13). TO: baseline; T1: end of the intervention

Bacterial alpha and beta diversity were not affected by LOLA

LOLA intervention did not change alpha diversity (Figure 3) as measured by Species Richness (p=0.948),
Shannon diversity index (p=0.997), inverted Simpson index (p=0.946), Evenness (p=0.894) and

Phylogenetic diversity (p=0.777).
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Figure 3: Alpha diversity indices at TO and T1 for the whole cohort. (A) Species Richness; (B) Shannon diversity index; (C)
inverted Simpson Index; (D) Evenness; (E) Phylogenetic diversity.
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When investigating the impact of the intervention on different beta diversity measures, no significant

differences could be detected within the whole cohort. Figure 4 displays 4 PCoA plots based on

different distance metrices (Unifrac, weighted Unifrac, Bray-Curtis dissimilarities and Jaccard index)

used to determine beta diversity.
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Figure 4: Beta diversity plots based on different distance methods; principal coordinate analysis was used for ordination. (A)
Unifrac (p = 0.84); (B) weighted-Unifrac (p = 0.97); (C) Bray-Curtis Dissimilarity (p = 1.00); (D) Jaccard distance (p = 1.00).

Influence of LOLA on the microbial composition

Although individual taxa show a variation in abundance within individual patients from TO to T1, for

the whole cohort no major difference in the taxonomic composition (on phylum, class, order, family

and genus level) was detected. The overall composition of the microbiome on different taxonomic

levels at the two timepoints is shown in Figures 5A-E.
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Figure 5: Taxonomic composition as relative abundance of all individual patients that participated in the intervention with
LOLA; on Phylum, Class, Order, Family and Genus level, TO: baseline; T1: end of the intervention
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Identification of microbiome features associated with the intervention/timepoint

LEfSe analysis was used to investigate potential bacterial biomarkers that are associated with one of
the timepoints within the whole cohort, to show potential effects of LOLA on the modulation of the
bacterial gut communities. With an LDA cutoff of 4, three features were identified to be enriched in
one of the timepoints (the genus Romboutsia in TO (p<0.001); the family Enterococcaceae and the
genus Enterococcus in T1 (p=0.03); Figure 6A). Since LEfSe analysis is not validated for paired samples,
a paired Wilcoxon Rank Sum test was performed to validate these results. For Romboutsia the median
relative abundance dropped from 0.04 % (95% Cl: 0.024 - 0.15) to 0.0034 % (95% Cl: 0.0 - 0.025,
p<0.001; Figure 6B). For Enterococcaceae family and the Enterococcus genus identified, the median
relative abundance increased from 0.0001% (95%Cl: 0.0001-0.004) to 0.007% (95%Cl: 0.0001-0.03;
p=0.042) (Figures 6C-D).
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Figure 6: Results of Linear discriminant analysis Effect Size (LEfSe) analysis. (A) Linear discriminant analysis (LDA) plot of
enriched taxa for each timepoint (LDA cutoff = 4); (B-D) Distribution of relative abundance for taxa identified through LEfSe at
TO and T1. TO: baseline; T1: end of the intervention.

LOLA was not associated with changes in predicted gut microbiome function

To evaluate changes in the functional potential of microbial communities during the intervention, we
used Tax4Fun, implemented via the MicrobiomeAnalyst platform (51), to generate a KO table. This
table contained 2,925 predicted functions associated with the microbial communities of the 52
patients included in the study. The KO table was subsequently utilized for Functional Diversity Profiling
on Microbiome Analyst (51), linking the predicted functions to specific metabolic systems. However,

no significant changes within the cohort were observed from TO to T1 (Figure 7).
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Figure 7: Predicted functional taxonomy as relative abundance of all individual patients that participated in the intervention
with LOLA. Individual predicted functions were assigned to amino acid metabolism, biosynthesis of secondary metabolites,
carbohydrate metabolism, energy metabolism, glycan biosynthesis and metabolism, lipid metabolism, metabolism of
cofactors and vitamins, other amino acids, terpenoids and polyketides, nucleotide metabolism, and xenobiotic biodegradation
and metabolism. TO: baseline; T1: end of the intervention

Perceived Vitality (Quality of live) improved by the treatment

All SF-36 items were significantly lower at TO compared to the general population (Table 2). SF36-
Vitality score (contains questions related to energy and fatigue) significantly improved during the
intervention from 45 (95% Cl: 35; 60) to 50 (95% Cl: 45-60; p = 0.019; Figure 8A). The remaining SF36
items (physical functioning, bodily pain, general health perceptions, physical role functioning,
emotional role functioning, social role functioning, mental health) remained unchanged by the

intervention.

20



LOLAbiom Report CBde

0.. BIOMARKER RESEARCH

BLING APPLIE RECISION DICINE

A B C D
viT PF BP GHP
100 1 100 | | 100 I 1
75
75 754 75
50 501 50 1 507
25 25 25 | 25
01 p=0018 01 p=0326 04  p=0432 0{ p=0460
o T T0 T T0 T T0 T
Timepoint
E F G H B n
=Ry
PRF ERF SRF MH
100 100 100 100 | |
75 754 75 75
50 50 50 50 |
5 257 251 25
01 - 0+ - i _ .
p=0725 p=0203 0 = 0.567 0{ p=0508

TO T T0 T TO ™ T0 ™

Figure 8: SF-36 items at TO and T1: (A) Vitality (paq; = 0.155), (B) Physical functioning (paq; = 0.648), (C) bodily pain (paq; = 0.648),
(D) general health perception (paq; = 0.648), (E) Physical role functioning (paq; = 0. 725), (F) emotional role functioning (paq; =
0.648), (G) social role functioning (padj = 0.648), (H) mental health (paqj = 0.648). The dashed line represents the median of a
normal cohort according to (25). TO: baseline; T1: end of the intervention

Table 2: Mean scores of SF36 items, mean values and standard deviations from a random sample of the general German
population according to (25), compared by Welch test.

TO Normal Cohort t.test
Mean SD Mean SD p value
Vit 46.3 2291 63.27 18.55 <0.001
PF 63.62 25.23 87.71 24.49 <0.001
BP 61.86 29.25 79.08 27.87 <0.001
GHP 48.49 21.07 68.05 19.66 <0.001
PRF 49.44 43.46 83.7 37.28 <0.001
ERF 55.8 43.92 90.35 30.63 <0.001
SRF 72.45 28.18 88.76 19.98 <0.001
MH 65.04 21 73.88 17.53 0.003

TO: baseline

Liver frailty index, SARC-F and index ALD was not affected by the LOLA intervention

Liver frailty index remained unchanged from TO to T1. At TO the median value was 3.87 (95% Cl: 3.63-
4.15) and at T1 the value was 3.81 (95% Cl: 3.54-4.12; p=0.974; Figure 9A). SARC-F scores for the whole
cohort showed no significant changes from TO to T1 (median value TO: 2 (95% Cl: 1-2); T1: 1 (95% Cl:
0-2; p=0.98; Figure 9B)). Patients whose SARC-F score at TO was higher than 4 (n = 7) were investigated
as individual subgroup, however there was also no significant change in the median SARC-F score for
these patients (median value at TO: 5 (95% Cl: 4-7); median value at T1: 4 (95% Cl: 1-6; p=0.151; Figure

9C). The Barthel ADL index did not change significantly throughout the intervention. The median value
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at TO was 100 points (95% Cl: 100 — 100) and remained unaltered at T1 at 100 points (95% CI: 95 — 100,

p=0.302, Figure 9D), since most patients did not report any limitations in their activities of daily living.
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Figure 9: Different clinical indices: (A) Liver frailty index at TO and T1. Dashed lines represent the reference range according to
(35); (B) Muscle SARC-F score for the whole cohort; (C) Muscle SARC-F score for patients with a higher median SARC-F score
than 4 at TO (n = 7); (D) Barthel ADL index; from baseline (TO) to the end of intervention (T1).

Appendicular skeletal and lean muscle mass reduced during the intake of LOLA

After the three-month long intervention with LOLA, values for ASM, AMMI and ALM significantly
decreased compared to TO. Median values decreased for ASM from 21.73 kg (95% Cl: 19612-24174) to
19.99 kg (95% Cl: 18456-23704; p=0.002; Figure 10A), for ASMI from 7.39 kg/m? (95% Cl: 7.00-7.99) to
7.145 kg/m? (95% Cl: 6.47-7.95; p=0.023; Figure 10B) and for ALM from 23.33 kg (95% Cl: 20718-25766)
to 22.46 kg (95% Cl: 19764-25550; p=0.013; Figure 10C). However, within the subgroup of patients
(n=10) with elevated ammonia levels at TO (above 50 umol/L), the values for ASM, AMMI and ALM

remained unchanged throughout the intervention. (Figure 10D-F, Table 3)
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Figure 10: Muscle parameters at TO and T1; A-C whole cohort: (A) appendicular skeletal muscle mass [kg]; (B) appendicular
skeletal muscle mass index [kg/m2]; (C) appendicular lean muscle mass [kg]; D-F patients with elevated ammonia
(>50umol/L): (D) appendicular skeletal muscle mass [kg]; (E) appendicular skeletal muscle mass index [kg/m2]; (F)
appendicular lean muscle mass [kg] Dashed lines represent the reference median values (blue = males, pink = females)
according to (33,34). TO: baseline; T1: end of the intervention

Table 3: Level of appendicular muscle mass at TO and T1, for whole cohort and subgroup with elevated ammonia at TO.

Parameter Unit TO 95% ClI T1 95% Cl p-value
ASM (whole cohort) kg 21.73 19.61-24.17 19.99 18.45-23.70 0.002*
ASMI (whole cohort) kg/m? 7.39 7.00-7.99 7.145 6.47-7.95 0.023*
ALM (whole cohort) kg 23.32 20.71-25.76 22.46 19.76-25.55 0.013*
ALMI (whole cohort) kg/m? 7.84 7.45-8.41 7.86 7.16-8.40 0.107
ASM (NH3>50umol/L) kg 24.98 20.24-30.16 24.55 17.91-31.35 0.193
ASMI (NH3>50umol/L) kg/m? 7.84 7.00-9.63 7.49 5.46-10.01 0.193
ALM (NH3>50umol/L) kg 26.46 21.52-31.83 26.03 20.69-32.92 0.556
ALMI (NH3>50umol/L) kg/m? 8.29 7.45-10.13 8.14 5.83-10.51 0.492
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Anthropometric muscle parameters were not influenced by the intervention
After the three-month long intervention with LOLA, values of the whole cohort for mid arm
circumference (MAC), mid arm muscle circumference (MAMC) and triceps skinfold thickness (for both

arms individually) did not show a significantly change from TO to T1 (Figure 11A-F).
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Figure 11: Muscle Parameters at TO and T1: (A) left arm mid arm circumference [mm]; (B) left mid arm muscle circumference
[mm]; (C) left triceps skinfold thickness (TSF); (D) right arm mid arm circumference [mm]; (E) right mid arm muscle
circumference; [mm] (F) right triceps skinfold thickness (TSF). TO: baseline; T1: end of the intervention

Influence of LOLA on routine biochemistry

The following biochemistry parameters were significantly different between TO and T1: fibrinogen
concentrations increased from a median of 296 mg/dL (95% Cl: 248-337) to 314 (95% Cl: 262-351; p =
0.037; Figure 12A); glomerular filtration rate increased from a median of 91.66 mL/min (95% Cl: 78.54-
95.05) to 92.9 mL/min (95% Cl: 85.19-99.67; p = 0.005; Figure 12B); gamma glutamyl transferase
concentration increased from a median value of 108 U/L (95% Cl: 70-158) to 114 U/L (95% Cl: 75-196;
p = 0.03; Figure 12C); creatinine concentration increased from a median of 0.79 mg/dL (95% Cl: 0.75-
0.88) to 0.78 mg/dL (95% Cl: 0.69-0.86; p = 0.009; Figure 12D). Further details about measured blood

parameters are shown in Table 4.
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Figure 12: Blood parameters affected by the treatment with LOLA: (A) fibrinogen [mg/dL]; (B) Glomerular filtration rate
[mL/min]; (C) Gamma-glutamyl transferase (GGSTO) [U/L]; (D)Creatinine (KREA) [mg/dL]. Dashed lines represent reference

ranges: (pink depicts the normal range for females; blue for males). TO: baseline; T1: end of the intervention

Table 4: Routine Biochemistry parameters measured at TO and T1.

Parameter Unit T0-Median (95% Cl) T1-Median (95% CI) Normal Range (m/f) p-value
Leukocytes 1079/L 6.23 (4.96; 7.23) 5.81 (5.26; 7.07) 4.20-11.40 0.473
Erythrocytes 10"°12/L 4.17 (3.99; 4.37) 4.26 (4.10; 4.50) 4.10-5.75/3.90-5.15 0.701
Thrombocytes 10"9/L 141 (99; 178) 140.5(107; 169) 140 - 440 0.678
Bilirubin mg/dL 0.78(0.57; 1.08) 0.84(0.66; 1.13) 1.2 0.39
Aspartate aminotransferase (AST) u/L 36 (33; 41) 37.5(31; 49) 50/46 0.168
Alanine aminotransferase (ALT) u/L 26 (23; 33) 28.5(22; 38) 50/45 0.21
Gamma-glutamyl transferase (GGT) u/L 108 (70; 158) 114 (75; 196) 55/38 0.03 *
Alkaline phosphatase u/L 99.5 (90; 123) 112 (91; 125) 40-130/35-105 0.361
Creatinine mg/dL 0.79(0.75; 0.88) 0.78 (0.69; 0.86) 0.5-1.2/0.5-1 0.009 *
Glucose mg/dL 100 (76;140) 96 (78; 134) 70-100 0.544
Glomerular filtration rate (GFR) mL/min 91.665 (78.54; 95.05) 92.9(85.19; 99.67) 90.0-120.0 0.005 *
C-reactive protein (CRP) mg/dL 3.1(1.9; 3.8) 4.1(2.2;5.1) 5 0.074
Albumin g/dL 4.1(3.9;4.3) 4.2(4.1;4.2) 3.5-5.5 0.238

Prothrombin-

International Normalized Ratio (INR) 1.16 (1.08; 1.25) 1.12(1.06; 1.27) 0.8-1.1 0.299
Ammonia pumol/L 38 (31; 40) 34 (29; 39) 50 0.955
Fibrinogen mg/dL 296 (248; 337) 314 (262; 351) 210-400 0.037 *
MELD 8.5(7;11) 8(7;11) 0.202
Child-Pugh Score 6 (6; 6) 6 (6; 6) 0.888

TO: baseline; T1: end of the intervention

Ammonia decreased in the whole cohort from 38 umol/L (95% Cl: 31-40) for TO to 34 umol/L (95% ClI:
29-39; p = 0.955; Figure 13A), which did not reach statistical significance. Patients with ammonia
concentrations above the upper limit of normal of 50 umol/L at TO (n=10; 9 males and one female)
were investigated separately. In this subgroup a significant decrease in the ammonia concentrations
from a median value of 69.5 umol/L (95% Cl: 54-225) to 46.0 umol/L (95% Cl: 22-66; p=0.004, Figure

13B) was observed.
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Figure 13: Ammonia concentration [umol/L] at TO and T1: (A) the whole cohort and (B) patients whose ammonia
concentrations were above 50 umol/L at TO and T1.

Sarcopenia biomarkers were not affected by the intervention

Biomarkers related to sarcopenia (myostatin, FGF21, insulin like growth factor-1 and irisin) did not

show a significant change from T0 to T1. Details can be found in Figure 14 and Table 5.

Table 5: Level of sarcopenia biomarkers at TO to T1.

Unit

parameter TO 95% CI T1 95% CI p-value
IGF1 ng/mL 40.1 32.4-50.5 42.55 32.8-52.0 0.88
myostatin ug/mL 25.96 23.02-29.5 27.55 23.84-28.75 0.644
FGF21 pg/mL 249.81 163.2-429.12 270.01 159.41-495.09 0.981
Irisin ug/mL 15.55 14.37-16.96 16.22 13.34-17.63 0.342
TO: baseline; T1: end of the intervention
A B C D
IGF1 MYO FGF21 Irisin
2001 L] . 20001 . M 504
L ]
75
150 1500 4 ®
L]
. . * 40 Timepoint
. 504 .
1004 1000 | E To
=Ry
25 201
501 500 1 ﬁ
| | . :
e T
01 p=0880 ’ p =0.644 0 p =0.981 01 p=0342
T0 T TO T T0 T T0 T

Figure 14: Concentrations of muscle biomarkers in serum at TO and T1: (A); insulin-like growth factor-1 (IGF1) [ng/mL], (B)
Myostatin [ug/mL], (C) fibroblast growth factor-21 (FGF21) [pg/mL], (D) Irisin [ug/mL]. Dashed lines represent reference
medians / ranges according to the manufacturers. TO: baseline; T1: end of the intervention
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LOLA intervention was associated with improvement of intestinal permeability and

inflammatory response towards endotoxin

DAO, a serum marker of intestinal permeability, decreased significantly within the normal range from
a median concentration of 12.75 U/mL (95% Cl: 11.25-17.45) to a median concentration of 11.15 U/mL
(95% Cl: 9.9-15.65; p=0.016; Figure 15A). LBP concentrations increased significantly within the normal
range from a median concentration of 17.05 pug/mg (95% Cl: 14.7-19.8) to 17.39 ug/mg (95% Cl: 16.2-
21.9; p=0.006; Figure 15E). The other gut permeability biomarkers zonulin, calprotectin and sCD14 did

not change significantly through the intervention with LOLA (Figure 15B-D, Table 6).
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Figure 15: Concentrations of gut barrier and inflammation biomarkers in serum and stool at TO and T1: (A) Diamino oxidase
(DAO) in serum [U/mL], (B) zonulin [ng/mg], (C) calprotectin [ug/mg], (D) glycoprotein sCD14 [ng/mg], (E) LPS binding protein
(LBP) [ug/mL]. Dashed lines represent reference medians / ranges according to the manufacturers TO: baseline; T1: end of
the intervention

Table 6: Level of gut permeability and inflammation biomarkers at TO and T1

parameter Unit T0 95% CI T1 95% CI p-value
DAO U/mL 12.75 11.25-17.45 11.15 9.9-15.65 0.016
Zonulin ng/mg 147 105-208 140.5 78-185 0.288
Calprotectin ug/mg 84.03 29.9-196.93 104.14 67.08-203.4 0.240
sCD14 ng/mg 2253.97 1763.18-3200 2015.12 1818.52-3200 0.694
LBP ug/mL 17.05 14.7-19.8 17.39 16.2-21.9 0.006

Table 7: Mean values of Biomarker concentrations, mean values of the normal range according to manufacturer’s instructions
(sCD14, LBP, Zonulin), Calprotectin according to (54), DAO according to (9). TO — baseline.

T0 Normal range
Biomarker Unit Mean SsD Mean sD
DAO [u/ L] 15.5 9.6 16.1 6.7
Calprotectin  [ug/mg] 175.9 296.7 30.5 3.9
Zonulin [ng/mg] 1955 162.9 61 46
LBP [ug/mg] 18.4 10 11.2 5.7
sCD14 [ng/mg] 23483 744.9 1900 546
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LOLA intervention was associated with changes in serum, stool and urine metabolites

Metabolomic profiles were investigated across different sample types (serum (n=51), stool (n=48), and
urine (n=38)) from the whole cohort for both TO and T1. To assess overall metabolic variation between
timepoints, principal component analysis (PCA) and permutational multivariate analysis of variance
(PERMANOQOVA) for each serum, stool and urine were performed. While PCA plots showed minor
degrees of separation between TO and T1 (Figure 16A—C) without distinct clustering (suggesting
modest global shifts in metabolite profiles), the results of the PERMANOVA indicated significant
intervention-dependent variation across all sample types: serum (R?=0.85, F=5.83, p=0.001), stool

(R%=0.71, F=2.39, p=0.001), and urine (R?=0.78, F=3.47, p=0.001).
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Figure 26: Principal Component Analysis (PCA) plots of (A) serum, (B) stool, and (C) urine samples for the whole cohort for
samples at TO and T1.

PLS-DA component plots were used to visually explore the separation of metabolite profiles between
TO and T1 across serum, stool, and urine samples. Clustering according to the timepoint was observed,
suggesting metabolic changes throughout the intervention (Figures 17A-C). The first two PLS
components explained a proportion of the variance in the metabolite data (22.8% and 8.6% in serum,
8.5% and 14.7% in stool, and 36.7% and 5.8% in urine, for components 1 and 2, respectively). Key
metabolites contributing most to the observed separation were identified using VIP score plots. The
top ten metabolites with VIP scores greater than 1 are shown in Figures 18A-C. In serum samples, the
most influential metabolites included amino acids and lipoproteins, with alanine showing the highest
VIP score. Stool samples revealed changes in a diverse set of compounds, including amino acids, sugars,
organic acids, bile acids, and alcohols, with lysine ranking highest. In urine samples, top-ranking
metabolites included amino acids, alkaloids, organic acids, and their derivatives. Notably, 9 out of the

10 most influential urinary metabolites showed increased abundance following the intervention.
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Figure 17: PLS-DA component plots to visualize partial separation of TO and T1 samples for the whole cohort. (A) serum, (B)
stool and (C) urine samples.
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Figure 18: PLS-DA VIP score plots to visualize metabolites driving the group separation of TO and T1 samples; Colours indicate
the timepoints of metabolite enrichment in (A) serum, (B) stool, and (C) urine samples from the whole cohort.

Pathway enrichment analysis was performed using MetaboAnalyst to identify metabolic pathways
impacted by the intervention. In serum samples from the whole cohort, no pathways remained
statistically significant after FDR correction. However, selenocompound metabolism showed a
significant change before correction (p = 0.022; Hits = 1; Expected = 0.991; FDR = 0.647). Additionally,
several amino acids—related pathways, including those involving alanine, valine, leucine, isoleucine,
tyrosine, glycine, serine, threonine, and phenylalanine, exhibited more observed hits than expected
(Table 8). In stool and urine samples, no statistically significant enriched pathways were found.
Nevertheless, within stool samples, elevated hit counts were observed in pathways associated with
carbohydrate and amino acid metabolism, such as starch, sucrose, and galactose metabolism, as well
as arginine, alanine, aspartate, and glutamate metabolism. Similarly in urine samples, pathways
related to energy and amino acid metabolism —such as the TCA cycle, alanine, aspartate and
glutamate metabolism, and glyoxylate metabolism — showed higher-than-expected hit counts, though

none achieved statistical significance.

Table 8: Summary of pathway enrichment analysis for the whole cohort across serum, stool, and urine samples.

Sample Type Metabolite Set Total Hits Statistic Expected Pvalue HolmP FDR

Serum Selenocompound metabolism 20 1 5.111 0.990 0.022 * 0.648 0.648
Pantothenate and CoA biosynthesis 20 1 2.608 0.990 0.105 1.000 0.908
Alanine, aspartate and glutamate metabolism 28 3 1.946 0.990 0.129 1.000 0.908
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Valine, leucine and isoleucine degradation 39 2 1.714 0.990 0.177 1.000 0.908
Valine, leucine and isoleucine biosynthesis 8 2 1.714 0.990 0.177 1.000 0.908
Galactose metabolism 27 1 1.307 0.990 0.253 1.000 0.908
Starch and sucrose metabolism 18 1 1.307 0.990 0.253 1.000 0.908
Neomycin, kanamycin and gentamicin biosynthesis 2 1 1.307 0.990 0.253 1.000 0.908
Citrate cycle (TCA cycle) 20 1 0.524 0.990 0.470 1.000  0.908
Cysteine and methionine metabolism 33 1 0.524 0.990 0.470 1.000 0.908
Arginine and proline metabolism 36 1 0.524 0.990 0.470 1.000 0.908
Ubiquinone and other terpenoid-quinone biosynthesis 18 1 0.336 0.990 0.563 1.000 0.908
Tyrosine metabolism 42 2 0.430 0.990 0.647 1.000 0.908
Arginine biosynthesis 14 1 0.202 0.990 0.654 1.000 0.908
Purine metabolism 70 1 0.202 0.990 0.654 1.000 0.908
Pyrimidine metabolism 39 1 0.202 0.990 0.654 1.000 0.908
Nitrogen metabolism 6 1 0.202 0.990 0.654 1.000 0.908
Glycine, serine and threonine metabolism 33 2 0.274 0.990 0.745 1.000 0.908
Lipoic acid metabolism 28 2 0.274 0.990 0.745 1.000 0.908
Phenylalanine metabolism 8 2 0.228 0.990 0.756 1.000 0.908
Stool Neomycin, kanamycin and gentamicin biosynthesis 2 1 1.441 1.053 0.244 1.000 0.962
Tyrosine metabolism 42 2 0.741 1.053 0.437 1.000 0.962
Lysine degradation 30 1 0.590 1.053 0.457 1.000 0.962
Biotin metabolism 10 1 0.590 1.053 0.457 1.000 0.962
Citrate cycle (TCA cycle) 20 2 0.804 1.053 0.468  1.000  0.962
Starch and sucrose metabolism 18 3 0.655 1.053 0.481 1.000 0.962
Ubiquinone and other terpenoid-quinone biosynthesis 18 1 0.447 1.053 0.517 1.000 0.962
Taurine and hypotaurine metabolism 8 1 0.399 1.053 0.541 1.000 0.962
Pyruvate metabolism 23 2 0.547 1.053 0.581 1.000 0.962
Galactose metabolism 27 5 0.422 1.053 0.646 1.000 0.962
Selenocompound metabolism 20 1 0.220 1.053 0.650 1.000 0.962
Arginine biosynthesis 14 4 0.402 1.053 0.669 1.000 0.962
Fatty acid biosynthesis 47 1 0.181 1.053 0.681 1.000 0.962
Phenylalanine metabolism 8 2 0.253 1.053 0.682 1.000 0.962
Phenylalanine, tyrosine and tryptophan biosynthesis 4 2 0.253 1.053 0.682 1.000 0.962
Valine, leucine and isoleucine degradation 39 3 0.201 1.053 0.696 1.000 0.962
Valine, leucine and isoleucine biosynthesis 8 3 0.201 1.053 0.696 1.000 0.962
Butanoate metabolism 15 3 0.449 1.053 0.708 1.000 0.962
Alanine, aspartate and glutamate metabolism 28 5 0.441 1.053 0.711 1.000 0.962
Fructose and mannose metabolism 20 1 0.143 1.053 0.715 1.000 0.962
Urine Galactose metabolism 27 1 2.605 1.333 0.164 1.000 0.709
Starch and sucrose metabolism 18 1 2.605 1.333 0.164 1.000 0.709
Neomycin, kanamycin and gentamicin biosynthesis 2 1 2.605 1.333 0.164 1.000 0.709
Propanoate metabolism 21 1 0.292 1.333 0.643 1.000 0.933
Butanoate metabolism 15 1 0.292 1.333 0.643 1.000 0.933
D-Amino acid metabolism 15 1 0.076 1.333 0.813 1.000 0.933
Selenocompound metabolism 20 1 0.072 1.333 0.818 1.000 0.933
Citrate cycle (TCA cycle) 20 3 0.300 1.333 0.836  1.000 0.933
Alanine, aspartate and glutamate metabolism 28 4 0.243 1.333 0.896 1.000 0.933
Glycine, serine and threonine metabolism 33 1 0.020 1.333 0.905 1.000 0.933
Glycolysis / Gluconeogenesis 26 2 0.096 1.333 0.920 1.000 0.933
Pyruvate metabolism 23 2 0.096 1.333 0.920 1.000 0.933
Glyoxylate and dicarboxylate metabolism 31 4 0.204 1.333 0.933 1.000 0.933
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Associations between biomarkers, gut health, and clinical factors
To examine potential associations between appendicular skeletal muscle mass, bacterial biomarkers

identified through LEfSe analysis (Enterococcus, Romboutia), gut inflammation and permeability
markers, and clinically relevant parameters influenced by the intervention (fibrinogen, creatinine,
bilirubin, albumin, and international normalized ratio, CRP), a Spearman’s rank correlation analysis was
conducted. Significant correlations are summarized in Table 9 and illustrated in Figure 19A.
Additionally, to further investigate these associations, a correlation-based network (NW) was
generated using Spearman’s rank correlation with a threshold of 0.3. The resulting network structure
closely mirrors the correlation plot, emphasizing key interactions between biomarkers and clinical
parameters, as shown in Figure 19B. Liver function clusters with inflammation and Romboutia and gut

permeability also clusters with inflammation.
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Figure 19: Correlations among relative abundance of bacterial biomarkers discovered through LEfSe analysis (Enterococcus,
Romboutia), gut inflammation and permeability markers (DAO, calprotectin, zonulin, LBP, sCD14), clinical parameters
significantly affected by the intervention (bilirubin (BILIG), fibrinogen (FIB), c-reactive protein (CRP), creatinine (KREA), albumin
(ALB), international normalized ratio (PZINR), serum-alanine). (A) correlation plot based on spearman rank correlation, (B)
correlation-based network (using spearman rank correlation). TO: baseline; T1: end of the intervention

Table 9: Results of the spearman rank correlation analysis, correlation strength and significant relationships

Variables Correlation p-value Significance
LBP sCD14 0.4918 <0.001 *okk
CRP sCD14 0.5588 <0.001 *okk
CRP LBP 0.7167 <0.001 *okk
FIB LBP 0.5033 <0.001 *okk
CRP ALB -0.5300 <0.001 *okk
ALB RA_Romboutia  0.3252 0.021 *
Calprotectin DAO -0.3199 0.047 *
Creatine_serum DAO -0.3397 0.014 *
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FIB sCD14 0.3682 0.012 *
ALB PZINR -0.3696 0.011 *
CRP BILIG 0.3319 0.030 *
FIB CRP 0.3801 0.016 *

Safety and Adherence to LOLA

In total 42 adverse events were reported and of those. Thirty adverse events in 19 patients were
classified as adverse events; most of them were gastrointestinal symptoms (n=15) and general
symptoms (n=4, vertigo, fatigue, weakness), additionally skin irritations, joint pain, viral infections, and
urological conditions were diagnosed during the study period. The gastrointestinal symptoms were
judged to be possibly related to the study drug. Eleven adverse events in 9 patients were classified as
serious adverse events, 5 were related to the underlying cirrhosis (acute kidney injury, hepatic
encephalopathy, TIPS placement and 2 deaths due to decompensation of the liver cirrhosis that
occurred after screening but before the first dose of the study drug. Furthermore, two diagnoses of
inguinal hernia and one diagnosis of choledocholithiasis were made. One hospital admission because
of new diagnosis of myasthenia gravis (symptom onset already before the start of the study drug) and
one hospital admission because of preexisting depression and one diagnosis of cholangiocellular
carcinoma (86 days after inclusion into the study). None of the severe adverse events was deemed
related to the study product by the study physicians. Fifteen patients dropped out of the study: Two
patients deceased in the period after screening prior to the start of the intervention due to
decompensation of the liver cirrhosis; two had surgical intervention and did not start again to take
LOLA; eight patients did not tolerate LOLA well; one patient stopped LOLA intake because the burden
of the study was too high; one patient had to be excluded since baseline sampling was incomplete;
one patient had to be excluded since adherence to the study product was below 50%. Adherence to
the study product (LOLA) was measured by counting empty and unused sachets which were returned
after the intervention. Patients that participated in the study took 90.5% (+ 15.25%) median doses, as

displayed in Figure 20.
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Figure 20: Histogram showing the adherence to the study product (LOLA) [%]; the blue line represents median adherence;
green dotted lines the interquartile range. Patients with an adherence of <50% were defined as nonadherent and excluded
(n=1). TO: baseline; T1: end of the intervention

Table 10: Documented adverse events: * Spontaneous bacterial peritonitis, hepatorenal syndrome, hepatic encephalopathy
Grade (2); **Symptoms prior to TO; *** 1 elective and 1 emergency surgery due to incarcerated hernia.

Participants [n; %] 52 (100%) MEDDRA code
AEs 30in 19 patients
(36.5%)

Emesis 1 10014542
Diarrhea 7 10012735
Heartburn 1 10019326
Nausea 2 10028813
Abdominal discomfort 1 10000059
Flatulence 3 10016766
Vertigo 1 10047340
Fatigue 1 10016250
Weakness 1 10028372
Nervousness 1 10029216
Rash 1 10037844
Itching 1 10023084
Joint pain 2 10023222
Viral infection 2 10047461
Influenza 1 10016790
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Nephrolithiasis 2 10029148
Benign prostata hyperplasia 1 10004446
Polyuria 1 10036142
SAEs 11 in 9 patients
(17.3%)
Acute kidney failure 1 10000821
Hepatic encephalopathy stage 2 1 10085578
Transjugular intrahepatic portosystemic shunt placement 1 10068826
Death 2 10011906
Hernia inguinalis repair 2 10022020
Cholecystolithiasis 1 10008604
Preexisting depression requiring hospitalization 1 10054112
Myasthenia gravis 1 10028417
Cholangiocarcinoma 1 10008593
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Subgroup analyses

High versus low baseline ammonia

To assess potential effects of serum ammonia concentration of patients on the relative abundance of
bacterial biomarkers (Flavonifractor and Oscillospira), subgroups of patients with falling and increasing
ammonia concentrations throughout the intervention period were formed. Patients with decreasing
ammonia levels from TO to T1 (n=21) showed a non-significant increase in the relative abundance of
the genus Oscillospira (p=0.675) (Figure 21A) and a non-significant decrease in the genus Flavonifractor
(p=0.49) (Figure 21B). The subgroup of patients with increasing ammonia concentrations throughout
the intervention (n=24) showed a non-significant increase in the relative abundance of Oscillospira
(p=0.477) (Figure 21C) and a non-significant decrease in the relative abundance of Flavonifractor

(p=0.091) (Figure 21D).
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Figure 21: Relative abundance the bacterial genera Oscillospira and Flavonifractor at TO and T1. (A) and (B) show the results
for patients with falling ammonia values (n = 21) during the intervention, were Oscillospira occurs in 6 patients (TO: n=5; T1:
n=4) and Flavonifractor occurs in 20 patients (TO: n=17; T1: n=20).(C) and (D) show the results for patients with rising ammonia
values (n = 24) during the intervention were Oscillospira occurs in 9 patients (TO: n=8; T1: n=6); Flavonifractor occurs in 22
patients (TO: n=21; T1: n=21). TO: baseline; T1: end of the intervention

Gender differences

Alcohol use was more common and higher in male participants. Other parameters were comparable
between men and woman. Within the subgroup of female patients (n=21) four parameters were

significantly altered after the intervention. The median values the SF-36 item mental health was
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significantly reduced from 68% (95% Cl: 56-84) to 52% (95% Cl: 44-80; p=0.018, Figure 22A). The MELD
score decreased from a median value of 8 (95% Cl: 7-13) to 7 (95% Cl: 6-10; p=0.015; Figure 22B).
Corresponding, the prothrombin time increased from a median of 76% (95% Cl: 65-88) to 86% (95% Cl:
66-99; p < 0.001; Figure 22C) and the prothrombin international normalized ratio (INR) decreased from
a median of 1.16 (95% Cl: 1.07-1.28) to 1.09 (95% Cl: 1.00-1.27; p = 0.005; Figure 22D).
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Figure 22: Significantly altered parameters in female participants: (A) SF36-mental health [%]; (B) Model of end stage liver
disease; (C) Prothrombin time [%] and (D) Prothrombin-international Normalized Ratio (INR). TO: baseline; T1: end of the
intervention

Within male patients (n=31), eight parameters were significantly altered after the intervention.
Appendicular skeletal muscle mass declined from a median of 25150 g (95% Cl: 22417—-27539) to 24864
g (95% Cl: 19993-27172; p=0.021; Figure 23A). Similarly, ammonia levels decreased from a median of
39 umol/L (95% Cl: 33—45) to 34 umol/L (95% Cl: 29-40; p=0.047; Figure 23B). The SF-36 item Vitality
increased over the study period from a median value of 45% (95% Cl: 35-70) to a median value of 60%
(95% Cl: 45-75; p=0.003; Figure 23C). Transaminases increased significantly, with alanine
aminotransferase rising from 27 U/L (95% Cl: 23—-36) to 30 U/L (95% Cl: 26—43; p=0.022; Figure 23D),
and aspartate aminotransferase increasing from 38 U/L (95% Cl: 33-45) to 44 U/L (95% Cl: 31-57;
p=0.037; Figure 23E). The inflammatory marker CRP increased from 2.7 mg/dL (95% Cl: 1.4-3.9) to 4.5
mg/dL (95% Cl: 2.1-6.4; p=0.037; Figure 23F), and changes in kidney function were observed, with
glomerular filtration rate increasing from 97.02 mL/min (95% Cl: 82.61-102.85) to 99.26 mL/min (95%
Cl: 89.52-103.38; p=0.035; Figure 23G). Creatinine increased slightly from 0.8 mg/dL (95% Cl: 0.69—
0.93) to 0.81 umol/L (95% ClI: 0.68—0.91; p=0.033; Figure 23H).
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Figure 23: Significant altered parameters in male participants: (A) appendicular skeletal muscle mass [g]; (B) Ammonia
[umol/L]; (C) SF36-Vitality [%]; (D) Alanine aminotransferase [U/L]; (E) Aspartate aminotransferase [U/L]; (F) CRP [mg/dL]; (G)
glomerular filtration rate [mL/min] and (H) creatinine [mg/dL]. TO: baseline; T1: end of the intervention

Discussion

We conducted an open-label phase 4 study to understand whether LOLA, in addition to its long-proven
ammonia lowering and hepatic encephalopathy improving effect, can also influence the gut
microbiome and quality of life. LOLA improved the quality-of-life aspect vitality in patients with
cirrhosis. LOLA further improved some aspects of liver disease severity and may be useful to prevent
muscle loss in patients with elevated ammonia levels. LOLA slightly altered microbiome composition
without measurable functional impact and improved biomarkers of intestinal barrier and

lipopolysaccharide binding.

Our hypothesis that LOLA could influence the composition of the gut microbiome was generated based
on a retrospective study, where we could show in a propensity score matched cross-sectional study,
that LOLA intake was associated with higher abundance of the potentially beneficial genera
Flavonifractor and Oscillospira (21). In a rat model of steatotic liver disease, LOLA induced an increase
in abundance of Helicobacter rodentium, Parabacteroides goldsteinii, and Parabacteroides distasonis
as well as changes in some related metabolic pathways. (55) The authors interpreted these changes as
positive, since these bacteria have been proposed as next generation probiotics with beneficial effects
in preventing and treating inflammation and obesity. (55) Both our own previous study and the rat

study did not observe any effects of LOLA on alpha and beta diversity (21,55). In the current
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prospective study, no effect on alpha and beta diversity was observed, strengthening the assumption
that LOLA does not interfere with overall microbiome structure, which can be considered as an
important safety aspect for long-term use. Furthermore, no effect on our target genera Flavonifractor
and Oscillospira was found. Our result may be explained by the treatment duration, which was up to
29 months in our retrospective study and 28 weeks in the animal study but only 12 weeks in the study
we present here. An additional biomarker search revealed that the genus Romboutsia was significantly
reduced at the end of the treatment period whereas the genus Enterococcus was significantly enriched.
Romboutsia was isolated from rat feces (56) and so far only described in two studies in cirrhosis: A
higher abundance was associated with reduced visceral fat in sarcopenia and a lower abundance was
observed with gluten free diet in patients with primary sclerosing cholangitis and colitis (57,58).
Romboutsia may alleviate intestinal inflammation according to animal data (59). The genus
Enterococcus has commonly been associated with liver cirrhosis (60), where this genus seems to
increase with increasing disease severity (61) and complications, such as HE (62) and a higher risk for
hospitalization. (63) Pathophysiologically, the overgrowth of Enterococcus was linked to gastric acid
suppression in alcoholic liver disease (64). However, within the genus Enterococcus, different species
can be found, some with pathogenic potential and some with beneficial functions. (65)
Immunomodulatory, metabolic and antimicrobial effects have been described in humans and animals.
(66) Since our cohort showed stable and, in some aspects, even improving liver function and given the
limitation of resolution below genus level of 16s rDNA sequencing, it is not possible to draw a firm
conclusion whether our observed increase in Enterococcus is a sign of the natural history of the liver

disease or a reaction to the intervention.

While predicted microbiome function analysis showed that LOLA was only associated with minor
changes by slightly altering selenocompound metabolism, metabolomics analysis, which can be
considered the more direct measure of microbiome and host function, revealed that the intervention
with LOLA was associated with significant intervention-dependent metabolomic variation across all
sample types. The strongest change was an increase in alanine, with several other, less strong and less
consistent, amino acid and lipoprotein associated changes. These alterations most likely related to the
intervention as we also observed in our previous retrospective study (21) and especially the finding in
alanine increase was also found with LOLA treatment in a rat model of acute liver failure (67). The
increase in alanine may be explained by stimulation of glutamine synthetase through LOLA (68),
consequently leading to higher alanine synthetase. A reduction in serum alanine levels as well as a
reduction in selenocompound metabolism was observed in liver cirrhosis patients with sarcopenia,
compared to those without sarcopenia, indicating that LOLA may be able to improve sarcopenia

associated metabolic pathways in cirrhosis (69). The alterations in serum lipids warrant further
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consideration. Patients with liver cirrhosis show abnormalities in HDL particle composition and
function and are increasingly suggested as novel biomarkers for liver disease severity and risk of
complications (70,71). These changes were mainly observed in the group of patients with elevated
ammonia levels at baseline, indicating that this group would benefit most from the intervention.
Changes in mannose and glucose may be attributable to changes in nutrition of the participants. 15
participants with diabetes were included, possibly explaining the variation in glucose values. Pathway
analysis revealed the strongest change in selenocompound metabolism as well as in different amino
acid related pathways. Taken together, our metabolomics analysis shows on the one hand, that the
intake of LOLA influences the concentrations of amino acids. In addition, the analysis also revealed

changes beyond amino acids.

We further observed a slight improvement in intestinal permeability as measured by a significant
decrease in DAO, a biomarker of impaired intestinal permeability in cirrhosis (72—75), as well as in
increase in LBP within the normal range after the intervention. The significance of LBP modulation in
cirrhosis may be considered controversial, since elevated levels of LBP could on the one hand be a
biomarker of endotoxemia and inflammation, associated with complications and poor prognosis in
cirrhosis and on the other hand, a vital first-line defense mechanism of the innate immune system,
that has been associated with better outcome in patients with sepsis and cirrhosis (76—83). We
interpret a rise of LBP within the normal range as a beneficial effect, since it can be considered as a
sign of improved handling of lipopolysaccharide and lipopolysaccharide is one of the causal factors to
impair innate immunity in cirrhosis (84,85). Experimental reduction of lipopolysaccharide was

associated with improved function of neutrophil granulocytes (86).

LOLA treatment had several additional positive effects in our study. The clinically most relevant effect
was the improvement in the aspect of vitality assessed by the SF36 quality of life score. Consistent with
data from literature, we could confirm that all aspects of quality of life were significantly reduced in
our cohort of patients with liver cirrhosis and minimal HE (87—89). Hepatic encephalopathy, even when
minimal, is one of the key factors that affect quality of life of patients and caregivers (90-92). LOLA
has been previously shown to improve health related quality of life, especially fatigue, sleep quality
and concentration deficits in an open-label, prospective, multi-centre observational study in Germany
(93). In a small randomized, placebo controlled study, that was only published as abstract so far, LOLA
over 12 weeks led to increased energy levels and concentration (94) Out post hoc subgroup analysis
revealed that the effect on vitality was most prominent in male participants. Further studies are
warranted to clarify gender-specific effects. Besides the improvement in vitality, we also observed
some promising changes in biochemistry. As expected, and shown consistently in previous trials,

ammonia levels improved in those who had elevated ammonia levels at baseline (95-98). We also

39



LOLAbiom Report CBm@d
:.. 3IOMARKER RESEARCE

observed a small but statistically significant increase in GGT levels, which may be explained by ongoing
alcohol consumption in 15% of the subjects. Creatinine and glomerular filtration rate decreased, and
fibrinogen increased. The change in creatinine and GFR could be interpreted as an improvement in
renal function but also as a sign of ongoing muscle loss, that could not be stopped by LOLA (99). The
increase in fibrinogen, that is produced in the liver, on the other hand, could point towards an
improvement in liver function. While in the whole cohort, no change in MELD or Child-Pugh score was
observed, MELD score improved significantly in women, mainly due to an improvement in prothrombin

time/INR.

Our secondary hypothesis was, that LOLA could positively influence muscle mass in cirrhosis, based on
the knowledge that a reduction of ammonia, which is a driver of sarcopenia, can improve protein
synthesis and function (100). This hypothesis was also strengthened by data from an animal model of
portal hypertension, where ammonia lowering with LOLA and rifaximin improved the muscle
phenotype and function (101). While LOLA could not prevent muscle loss in the whole cohort, the
subgroup of patients with elevated ammonia levels at baseline showed no decline in muscle mass. No
changes were observed in muscle function assessments, liver frailty score, SARC-F, Barthel ADL index
and muscle biomarkers. In the subgroup of patients with elevated ammonia levels at baseline, we also
observed stronger differences in metabolomics composition, especially in serum, indicating that this
group should be the target group for further investigations of effects of LOLA beyond ammonia

lowering.

Our study is limited by the open label design that might bias subjective endpoints. The lack of
statistically significant changes in our primary endpoint, the Flavonifractor and Oscillospira abundance
may be due to the shorter duration of intervention in the prospective study compared to the

retrospective data analysis, since the sample size calculation was based on this retrospective analysis.

Conclusion

In conclusion, our study showed that a short period of oral LOLA intake could not alter Flavonifractor
and Oscillospira abundance of the gut microbiome but improved liver function biochemistry, vitality,
intestinal permeability, reduced Romboutsia abundance and increased lipopolysaccharide handling.
Muscle loss was prevented in the subgroup of patients with elevated ammonia levels and treatment
related metabolomic changes were observed. LOLA therefore should be further tested as a treatment

option beyond influencing ammonia metabolism.
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Data availability
Sequencing data are available at the NCBI SRA ( https://www.ncbi.nlm.nih.gov/sra) under the

accession number PRINA1223152.
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