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Background and aims: The burden of non-alcoholic fatty liver disease (NAFLD) is increasing globally. The 
major priority is to identify patients with non-alcoholic steatohepatitis (NASH) who are at greater risk of 
progression to cirrhosis, and who will be candidates for clinical trials and emerging new therapies. We 
aimed to develop a highly specific serum-based score to identify patients with NASH, NAFLD activity 

score (NAS) ≥4, and significant fibrosis (F2-F3).  
 
Methods: This study included a derivation cohort before validation in multiple international cohorts (n 
= 908). The derivation cohort was a cross-sectional, multicenter study of patients aged 18 years or 
older, who underwent liver biopsy for suspicion of NAFLD. To classify those patients with NASH at 

increased risk, a NAS score of ≥4 (with at least one point on each of steatosis, lobular inflammation and 
ballooning) and significant fibrosis (F2-F3) were used. The best fitting multivariable logistic regression 
model was identified and internally validated using boot-strapping. Score calibration and discrimination 
performance were determined in both the derivation and validation dataset. 
 
Results: We performed serum metabolomic testing in an original cohort of 790 patients that was 
subsequently blind validated in a derivation cohort of 118 patients. From a total of 289 lipids analyzed, 
the final MASEF score included only 12 lipids, body mass index (BMI), aspartate aminotransferase (AST) 
and alanine aminotransferase (ALT). Using logistic regression analysis, we could discriminate between 

NASH patients; NAS≥4 and F2-F3 compared to those without these features. The diagnostic 
performances of the MASEF score showed an area under the receiver operating characteristic curve 
(AUC), sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) of 0.81 
± 0.02, 0.36, 0.96, 0.86 and 0.62 respectively, for the mentioned discrimination. While in the derivation 
cohort the AUC, sensitivity, specificity, PPV, and NPV were 0.82 ± 0.04, 0.20, 0.95, 0.62 and 0.75, 
respectively. 
 
Conclusion: The MASEF score provides an accurate, serum-based, easy to use test to non-invasively 
identify patients at risk of progressive NASH eligible for clinical trials or treatment. 
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Figure: ROC Curves for the derivation cohort (blue) and validation cohort (orange). 
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DECLINE IN NASH AND ATHEROSCLEROSIS-ASSOCIATED OXIDISED 
PHOSPHOLIPIDS AND 7-KETOCHOLESTEROL IN RESPONSE TO ICOSABUTATE 

THERAPY 
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Xiaoyu Wang2, John Kastelein5, Tore Skjaeret1 
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Background and Aims: Oxidative stress plays a central role in the pathology of both non-alcoholic 
steatohepatitis (NASH) and atherosclerosis. We have recently shown that icosabutate, a structurally 
engineered omega-3 fatty-acid (EPA) derivative resistant to β-oxidation and membrane incorporation, 
significantly reduces markers of hepatic oxidative stress (oxidised glutathione) in multiple murine NASH 
models and systemic oxidative stress (plasma gammaglutamyltransferase) in hyperlipidemic humans. To 
investigate if these findings extend to pathology-associated oxidised lipids, we assessed hepatic 
concentrations of oxidised phospholipids (oxPLs) in mice and plasma concentrations of 7-
ketocholesterol (7-KC) in humans treated with icosabutate. 
 
Method: 9-week old C56BL/6J mice were fed a moderately high-fat diet (31% fat) for 6 weeks, then 
continued with the diet but received treatment with either low (56 mg/kg, ICOSA-L) or high (112 mg/kg, 
ICOSA-H) dose icosabutate or EPA (equimolar to ICOSA-H) for 6 weeks (9 mice per group). Changes in 
hepatic concentrations of oxPLs (16:0/18:2-OH and 16:0/20:4-OH isomers) were measured and 

differences versus baseline assessed via ANOVA with Dunnet’s correction. In hyperlipidemic subjects 
(n = 15) temporarily withdrawn from statins (NCT02364635), plasma concentrations of 7-KC were 
assessed at day 0 (baseline), 7 and 28 (study end) in response to either 600 mg/d icosabutate (n = 15) or 
placebo (n = 5) and differences versus both baseline and placebo were assessed via ANOVA as a 
univariate procedure. 
 

Results: Icosabutate, but not EPA, reduced hepatic 16:0/18:2 oxPL concentrations (−43%, p < 0.01 and. 

−53%, p < 0.001 for low- and high-dose respectively). Both icosabutate and EPA reduced hepatic 
16:0/20:4 oxPL concentrations, with the most pronounced decrease occurring in response to 

icosabutate (−57% and −71% for low- and high-dose respectively, both p < 0.001) versus −18% for EPA, 

(p < 0.01). In humans, icosabutate markedly reduced plasma concentrations of 7-KC by −54% at day 7 (p 

< 0.01) and −42% at day 28 (p < 0.05) versus baseline and −37% at day 7 and −39% at day 28 versus 

placebo (both p < 0.01). The reductions in 7-KC exceeded the −23% (day 7) and −35% (day 28) 
reductions in LDL-C versus baseline (both p < 0.01). 
 
Conclusion: Icosabutate effectively reduces pro-inflammatory oxidized lipids in both liver and plasma. 

Marked decreases in hepatic oxPLs were observed in mice despite icosabutate’s resistance to 
membrane incorporation whilst decreases in plasma 7-KC exceeded the decreases in plasma LDL-C in 
humans. These findings support the therapeutic potential of icosabutate for the treatment of both 
NASH and atherosclerosis via a reduction in pathology-associated oxidized lipids. 
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Figure: Icosabutate reduces hepatic concentrations of both 18:2 and 20:4 oxPL isomers 
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ARAMCHOL IMPROVES GLUCOSE AND LIPID HOMEOSTASIS IN NASH VIA 
REGULATION OF AMPK AND MTOR 
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Way Liver S. L.), Derio, Spain; 5Galmed R&D, Tel Aviv, Israel; 6CIC bioGUNE - Centro de Inv. Cooperativa 
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Background and Aims: Arachidyl amido cholanoic acid (Aramchol) is a potent downregulator of hepatic 
SCD1 protein expression that reduces liver triglycerides (TG) and fibrosis in animal models of 
steatohepatitis. In a phase IIb clinical trial, Aramchol improved the histological features of non-alcoholic 
steatohepatitis (NASH) and reduced blood levels of hemoglobin A1c (HbA1c). We aimed at assessing 
lipid and glucose metabolism in mouse hepatocytes and in a mouse model of NASH (0.1MCD, 0.1% 

methionine and choline deficient diet) after treatment with Aramchol. 
 
Method: Mouse hepatocytes were incubated with 20 μM Aramchol for 48 hours. C57BL/6 mice fed a 
control diet or 0.1MCD diet for 4 weeks received Aramchol (1 or 5 mg/kg/day) or vehicle by gavage for 
the last 2 weeks. 
 
Results: Proteomics and Western blot analysis showed that the activity of AMP activated protein kinase 
(AMPK) was increased while the activity of nutrient sensor mammalian target of rapamycin complex 1 
(mTORC1) was decreased by Aramchol in hepatocytes. This translated into changes in the content of 
their downstream targets including proteins involved in fatty acid (FA) synthesis and oxidation (SCD1, P-
ACCα/β(S79), CPT1a/b, HADHA and HADHB), oxidative phosphorylation (NDUFA9, NDUFB11, NDUFS1, 
NDUFV1, ETFDH and UQCRC2), tricarboxylic acid (TCA) cycle (MDH2, SUCLA2 and SUCLG2), P- 
p70S6K(T389), and P-S6(S235/S236). The protein content of HMGCR and FDPS, two rate-limiting steps 
in the synthesis of cholesterol was unchanged. Flux experiments with 13C-uniformely labeled glucose 
showed that TCA cycle cataplerosis was reduced by Aramchol in hepatocytes. Finally, liver metabolic 
analysis showed that glucose homeostasis is improved by Aramchol in 0.1MCD fed mice in a dose-
dependent manner. 
 
Conclusion: Our study shows that hepatocytes respond to Aramchol treatment by activating AMPK and 
inhibiting mTORC1, which in turn activate FA β-oxidation and oxidative phosphorylation inhibiting de 
novo lipogenesis, gluconeogenesis and cataplerosis. These results offer a possible explanation for 
downregulation of HbA1c as well as for the reduction in hepatic TG observed in NASH patients treated 
with Aramchol. 
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Background and Aims: Non-alcoholic fatty liver disease (NAFLD) is a highly prevalent (24% of population 
globally) and progressive liver disorder emerging as a leading risk factor for hepatocellular carcinoma 
(HCC). The molecular mechanisms behind the progression from NAFLD to HCC (NAFLD-HCC) remain 
elusive, and surveillance of `at risk´ NAFLD patients constitutes a clinical challenge. In this study, we 
elucidate the deregulated metabolic serum landscape of NAFLD-HCC patients and individual lipids 
diagnostic utility. 
 
Method: We have performed comprehensive ultra-high-performance liquid chromatography mass 
spectrometry (UHPLC-MS), investigating 1,295 metabolites in 196 serum samples from Caucasian 
patients with biopsy-proven diagnosis stratified into healthy and obese (CTRL=44), metabolic disease 
(NAFLD=93), NAFLD-HCC (n=27) and alcohol- or viral-associated HCC (AV-HCC=32). 
 

 
CTRL vs NAFLD-HCC NAFLD vs NAFLD-HCC AV-HCC vs NAFLD-HCC 

Model 0.989 0.997 0.999 

AFP 0.786 NA 0.613 

ALT 0.776 0.733 0.570 

 
 
Results: In total, we detected 470 metabolites, including amino acids, their derivatives and lipids. We 
identified two major metabolic events in NAFLD-HCC. The initial metabolic rearrangement occurs in the 
onset of NAFLD (healthy liver; obese to NAFLD), characterized by differential expression (FDR p < 0.05) 
of 232 metabolites (DEMs). The most prevalent metabolites impaired within the first metabolic step 
include amino acids, acylcarnitines (AC), bile acids, cholesteryl esters, and glycerophosphocholines. 
Contrary, the significantly augmented metabolic program covers mostly free fatty acids (FFA), as well as 
diglycerides and triglycerides (TG). The second metabolic rearrangement was observed at the neoplastic 
conversion from NAFLD to NAFLD-HCC. The late metabolic switch included major metabolic aberrations 
covering 334 DEMs with significant changes in AC, ceramides and FFA. The progressive change 
(Spearman, p < 0.05) of metabolites showed gradual TG increase, progressive loss of AC and complete 
deterioration of FFA as the main perturbed metabolite subclasses. Multivariate analysis discriminated 
NAFLD-HCC patients from CTRL, NAFLD and HCC with a different etiology (AV-HCC) (Q2 = 0.51, R2 = 
0.57). We generated ROC curves for DEMs and built a discriminator model including the top 5 
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metabolites, reaching a predictive accuracy >90%. The predictive power of the panel is superior to 
alpha-fetoprotein (AFP) and biochemical marker alanine transaminase (ALT) for the liver function. 
 
Conclusion: Serum metabolomics revealed a specific perturbation of the lipid biology during the 
progression from healthy liver and morbidly obese, through NAFLD to malignant onset of NAFLD-HCC. 
Our metabolite panel can be clinically exploited in surveillance of patients at risk for developing HCC 
(morbidly obese, diabetic and NAFLD patients), and can distinguish NAFLD-HCC from AV-HCC. 
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LIVER DISEASE IN LIVER TRANSPLANT RECIPIENTS 

 
Christopher Mowry1, Josh Levitsky2, Cristina Alonso3, Marta Iruarrizaga-Lejarreta3, Pablo Ortiz3, Mary 
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1Northwestern University the Feinberg School of Medicine, Chicago, IL, USA; 2Department of 
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IL, USA; 3OWL Metabolomics, Bizkaia Technology Park, Derio, Spain. 
 
 
Background and Aims: Nonalcoholic fatty liver disease (NAFLD) is a rising indication for liver 
transplantation (LT) worldwide. Diagnosis of recurrent NASH after LT requires liver biopsy, which is 
invasive, costly, and impractical for serial monitoring. Our aim was to use an unbiased, noninvasive 
metabolomics approach to identify biomarker profiles for nonalcoholic fatty liver (NAFL) and 
steatohepatitis (NASH) in LT recipients. 
 
Method: This cross-sectional pilot study included 39 LT recipients who underwent liver biopsy and had 
simultaneous plasma samples collected and analyzed using ultra-high-performance liquid 

chromatography – mass spectrometry (UHPLC-MS) to elucidate metabolomics profiles. The resulting 
profiles were compared between patients with recurrent NAFL/NASH vs. normal liver (negative control) 
and acute rejection (positive control). 
 
Results: Univariate analysis revealed 22 metabolites that were differentially and significantly (p < 0.05) 
altered in patients with recurrence of NAFLD compared to patients with normal liver histology on 
biopsy. Three metabolites (triglyceride (44:1), triglyceride (53:0), and arginine) were identified as 
potential specific markers of NAFLD vs. both normal and rejection biopsies. Within participants with 
NAFLD, 15 metabolites were identified as divergent between NAFL and NASH. Among patients 
transplanted for NASH cirrhosis, 18 metabolites were significantly altered between those with fibrosis 
vs. without fibrosis on liver biopsy. 
 
Conclusion: In conclusion, we were able to identify a number of potential metabolic biomarkers that 
could be used in the clinical setting to noninvasively identify recurrent NAFL and NASH. Further 
investigation with a larger sample size is warranted to validate these preliminary results. 
 

 
 

Figure: Metabolites found to be significantly (p < 0.05) altered in the comparison NASH vs. NAFL. Two representative boxplots are displayed. 
Abbreviations: AA, amino acid; ST, sterol; LPE lysophosphatidylethanolamines, PC, phosphatidylcholines; LPC, lysophosphatidylcholines, SM, 

sphingomyelins. 
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Background and Aims: The accurate diagnosis of adenocarcinomas located in the head of the pancreas 
-distal cholangiocarcinoma (dCCA) and pancreas ductal adenocarcinoma (PDAC)-, represents a clinical 
challenge since both types of tumors share symptoms and they cannot be distinguished by imaging 
techniques. At present there are no accurate serum biomarkers that allow early and differential 

diagnosis of these tumors. Omics technologies facilitate the profiling and analysis of disease‐specific 
signatures and are powerful sources of candidates. The aim of this study was to determine serum 
metabolomics profiles in patients with dCCA or PDAC to identify novel biomarkers for the early and 
differential diagnosis. 
 
Method: Chloroform/methanol and methanol extracts were obtained from the serum of patients with 
diagnosis of dCCA (n = 34) or PDAC (n = 38) confirmed by histopathology, attended in the University 
Hospitals of Donostia and Salamanca, and healthy individuals (n = 25) divided in two cohorts. Ultra-high 
performance liquid chromatography coupled to mass spectrometry (UHPLC-MS) was used to determine 
amino acids and lipids. 
 
Results: A total of 484 metabolites in serum samples were identified in both cohorts and included in the 
univariate and multivariate data analyses. Compared to controls, serum samples of patients with dCCA 
and PDAC had higher levels of several metabolites, mainly triglycerides, diglycerides and bile acids in 
dCCA and triglycerides, diglycerides and diacylphosphatidylethanolamines in PDAC. Fewer changes were 
found between the circulating metabolomes of dCCA and PDAC, although several species of 
phosphatidylethanolamines (PE), lysophosphatidylethanolamines and triglycerides were more elevated 
in PDAC than in dCCA. 
Among other metabolites, glutamic acid and aspartic acid distinguished tumors from controls with an 
AUC>0.91 and 0.94, respectively. To determine a predictive model for the discrimination between 
patients with dCCA and PDAC based on circulating metabolites both cohorts were merged and divided 
into three cohorts: training (70%) and validation (20%) for cross-validation and parameter optimization 
and test (10%) for blind validation. A logistic regression model with six metabolites [PC(17:0/0:0), 
PI(18:0/20:3),12-HETE, PE(0:0/16:0), hydrocortisone and phenylalanine] was found, with an AUC of 0.92 
in training, 0.84 in validation and 0.85 in test cohorts. 
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Conclusion: Specific panels of serum metabolites can be useful to distinguish dCCA from PDAC. 
Validation of the clinical usefulness of these biomarkers in further prospective studies is granted. 


