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Abstract
Metabolomics is defined as the quantitative mea
surement of the dynamic multiparametric metabolic 
response of living systems to pathophysiological stimuli 
or genetic modification. It is an “omics” technique that 
is situated downstream of genomics, transcriptomics 
and proteomics. Metabolomics is recognized as a 
promising technique in the field of systems biology for 
the evaluation of global metabolic changes. During the 
last decade, metabolomics approaches have become 
widely used in the study of liver diseases for the 
detection of early biomarkers and altered metabolic 
pathways. It is a powerful technique to improve our 
pathophysiological knowledge of various liver diseases. 
It can be a useful tool to help clinicians in the dia
gnostic process especially to distinguish malignant 
and non-malignant liver disease as well as to deter
mine the etiology or severity of the liver disease. It 
can also assess therapeutic response or predict drug 
induced liver injury. Nevertheless, the usefulness of 
metabolomics is often not understood by clinicians, 
especially the concept of metabolomics profiling or 
fingerprinting. In the present work, after a concise 
description of the different techniques and processes 
used in metabolomics, we wil l review the main 
research on this subject by focusing specifically on in 
vitro  proton nuclear magnetic resonance spectroscopy 
based metabolomics approaches in human studies. We 
will first consider the clinical point of view enlighten 
physicians on this new approach and emphasis its 
future use in clinical “routine”.
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Core tip: Metabolomics is a powerful technique to 
improve our pathophysiological knowledge of various 
liver diseases, to help clinicians in the diagnostic 
process as well as in the prognosis or therapeutic 
response assessment. Nevertheless, the usefulness of 
metabolomics is often not understood by clinicians. 
In the present work, after a concise description 
of the different techniques and processes used in 
metabolomics, we will review the main research on 
this subject by focusing specifically on proton nuclear 
magnetic resonance based metabolomics in human 
studies. Three major themes will be enlightened: 
acute liver disease, chronic liver disease and liver 
transplantation.
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INTRODUCTION
Metabolomics is an “omics” technique that is situated 
downstream of genomics, transcriptomics and pro­
teomics (Figure 1)[1]. Metabolomics is the study (and 
by the way the monitoring) of metabolic changes in 
an integrated biological system related to (patho-) 
physiological stimuli or genetic modification, using 
multiparametric analyses.

The fundamental of metabolomics is that disease 
(or therapeutic response) can be reflected by changes 
in metabolite concentrations in biological fluids or 
tissues. This concept is not really new. More than 
500 years ago, the “urine wheel” was published by 
Ullrich Pinder in his book (the Epiphanie Medicorum, 
1506). The wheel described color, taste and smell of 
urine to help physicians in making-diagnoses. In other 
words, the phenotype of the urine was used to help 
the clinician. Now analytical tools to measure small-
molecule metabolites called biomarkers have become 
tools in hospital laboratories to assist physicians when 
diagnosing disease.

Proton nuclear magnetic resonance (1H NMR) 
spectroscopy and mass spectroscopy (MS) based 
metabolomics approaches are the two most applied 
experimental methods in this area[2]. They allow 
identifing and quantifing metabolites within a biological 
fluid (serum, plasma, urine, ascites, bile…) in a single 
experiment. Metabolites are small molecules (less 

than 1 kDa) that participate in general metabolic 
reactions or pathways in biofluid or tissue. The term 
metabolome, derived from the word genome, refers 
to the complete set of metabolites in a biofluid, 
cell, tissue or organism[3]. For example, the human 
serum metabolome is composed of around 4200 
metabolites, half of which are phospholipids and over 
a thousand glycerolipids (triglycerides, diglycerides, 
and monoacylglycerols). Amino acids, peptides, 
carbohydrates, amines, and carboxylic acids are other 
metabolites being part of serum metabolome[4].

Data analysis in metabolomics and the process 
between, patients biofluid or tissue collection and the 
final interpretation have been well standardized[5]. The 
principal steps to achieve this approach are: collection 
of fluid or tissues, sample conservation, sample 
preparation before signal acquisition, signal acquisition 
in NMR (or MS) platform, data processing and analysis 
(Figure 2).

Technically, each approach is grounded in different 
theoretical principles. MS spectroscopy is based on 
the separation of the metabolites using chemical and 
physical properties and NMR is based on the magnetic 
properties of some atoms. In MS spectroscopy, 
after specific preparation in function of the kind of 
metabolite analyzed (lipids or amino-acid or other 
type of metabolite), the sample is ionized and different 
metabolites are separated by their charges and mass.

NMR spectroscopy is often easier to understand 
for the physician because using exactly the same 
principle than magnetic resonance imaging (MRI) that 
is largely used daily in medicine. The principle behind 
NMR is that many nuclei have a nuclear spin value (for 
example: hydrogen, 31phosphorus or 13carbon) and all 
nuclei are electrically charged. If an external magnetic 
field is applied, transitions are possible between the 
ground and excited spin states (i.e., energy transfert 
between the baseline to a higher energy level). The 
energy transfer takes place at a wavelength that 
corresponds to radio frequencies and when the spin 
returns to its base level, energy is emitted at the 
same frequency. The signal that matches this transfer 
is measured in many ways and processed in order 
to yield an NMR spectrum. Then instead to obtain an 
image like in MRI, in 1H NMR spectroscopy the signal 
is transformed in one or two dimensions spectra 
(Figure 3).

In 1H NMR spectroscopy, metabolites are iden­
tified by peaks shape, peaks multiplicity and 
peaks correlations. Large databases as the Human 
Metabolome Database (HMDB) are available to find 
out all the metabolite characteristics[6,7].

Those techniques have advantages and dis­
advantages but are often complementary (Table 1).

Basically, 1H NMR metabolomics approach has 
the advantage of efficiently obtaining information 
on large numbers of metabolites in biofluids in vitro 
as well as in various tissues ex vivo (using HR-MAS: 
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high-resolution magic angle spinning) and in vivo 
(using Medical Magnetic Resonance Imaging). 1H NMR 
is a highly reproducible, rapid and non-destructive 
technique. Analysis can be performed with a minimal 
of sample preparation. Its sensitivity is far lower 
(microgram vs picogram) than mass spectrometry 
but sufficient to detect most of changes in biological 
fluid. MS needs more sample preparation and is a 
destructive technique. Well-conducted reviews provide 
larges understanding details on the different platforms 
especially concerning the technical aspect, physical 
based-mechanism and analytical method use in 
metabolomics[1,3,8].

Thus these approaches offer high-throughput 
analyses at relatively low cost per sample. Multi­
parameter datasets contain huge quantity of 
information concerning metabolites in the form of 
complex spectrum data. Many computer-based 
processing and statistical tools have been developed 
to facilitate analysis and interpretation of the data. 
Statistical models applied to metabolomics data can 
determine biomarkers or metabolomics profiles[9]. They 
may help identify biomarkers or the metabolic profile 
that characterize a disease, and/or evaluate metabolic 
modifications after treatment has been initiated[3]. 
The metabolite analysis provides information on the 
“metabolic phenotype” of the patient in response 
to various endogenous or exogenous stimuli. Then 
that may contribute to a better understanding of 
pathophysiology, to aid diagnosis, in decision-making 
process in choosing therapy or predicting outcome of 
therapeutic intervention. In the other hand, in the near 
future, these tools permit us to give our patients a 
more personalized approach in medicine[10].

Metabolomics approach showed sometime better 
diagnosis performance than usual biomarkers. Never­
theless, at the beginning, metabolomics approach 
should be considered more than complementary tool, 
helping clinician to diagnose disease, evaluate disease 
stage or follow treatment that substitution technic.

This review focuses on the recent human meta­
bolomics data in the field of liver disease and their 
complications using in vitro 1H NMR metabolomics 
approaches. MS based metabolomics approaches and 
in vivo MR studies are excluded from this review.

APPLICATIONS OF 1H NMR 
METABOLOMICS APPROACHES IN LIVER 
DISEASES
The liver is a major organ with several intensive 
metabolic activities. The metabolic activities are 
distributed in different zones of the liver parenchyma. 
Hepatocytes metabolism varies according to its position 
in the liver: for example, oxidative phosphorylation, 
glucose output, urea synthesis, and bile acid synthesis 
is higher in the periportal area, whereas glucose uptake, 
glutamine formation, and xenobiotic metabolism are 
greater in the perivenous area[11]. Acute, chronic, and 
acute-on-chronic conditions perturb regulation of liver 
metabolism. From this point of view, the blood or urine 
metabolome should represent the final outcome of 
liver cellular regulation at many different levels, and 
for this reason represent the phenotype of a disease or 
a therapeutic response.

We divided the following parts into three domains: 
acute liver disease, chronic liver disease and liver 
transplantation. Major studies and biomarkers 
examples for each part are shown in Table 2.

Acute liver disease
Drug induced liver injury: Metabolomics have 
been used since decennia in toxicological studies 
principally in animal models[12]. Some recent studies 
have shown that metabolomics can be a powerful tool 
in human toxicology. Clayton et al[13] have used NMR 
metabolomics to study the secondary metabolism of 
acetaminophen in urine. The goal was to identify urine 
biomarkers that might be predictive of the manner in 
which that individual metabolizes the acetaminophen. 
In this study, results suggested a mechanism whereby 
p-cresol and acetaminophen would compete for 
sulfation. Then higher p-cresol levels would lead to 
lower levels of sulfated acetaminophen and increase 
toxicity. More interestingly metabolome analysis have 
been in evidence the interplay between gut bacteria 
and secondary drug metabolism because p-cresol is 
a product of bacterial metabolism of tyrosine in the 
gut. Winnike et al[14] used a pharmaco-metabolomics 
approach to predict acetaminophen induced liver 
injury with a therapeutic dose (4 g per day for 7 d). 
In human healthy volunteers and earlier after the 
beginning of the treatment, they were able to identify 
patterns of urinary metabolites that distinguished 
subjects susceptible to acetaminophen-hepatotoxicity 
from those who were not susceptible.

Those examples represent a major advance in 
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Figure 1  “Omic” techniques. Schematic representation in biological system: 
Each functional level from the DNA, RNAs, Proteins and metabolites who 
constitute respectively the genome, transcriptome, proteome and metabolome, 
have bidirectional flow of information and complex interactions together and 
with the environment (diseases, drug, lifestyle, genre, habit, diet, etc.). Those 
interactions produce the phenotype that represents the final output of the 
system measured in metabolomics.
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Patients Biofluid 
samples

1H NMR spectrometer and 
spectrum acquisition

Processing and 
statistic analysis

Figure 2  Schematic view of workflow for metabolomic studies: From bedside to bench. Proposed standards for metabolomic approach are presented in this 
schematic view. Clinical question, selection of the population, standardized biofluid collection and conservation, biofluid preparation and spectra acquisition, pre-
processing to clean the data for data processing, pre-treatment (i.e., scaling, centering, etc.) to transform the clean data to make them ready for data processing, data 
analysis (multivariate analysis, unsupervised and supervised analysis), metabolite identification and interpretation.

personalized medicine. A NMR based metabolomics 
approach could be a practical method for identifying 
susceptible patients shortly after starting drug 
treatment and with high risk of developing DILI.

Liver injury and liver failure: Acute hepatic liver 
failure is a very severe condition with a high risk 
of mortality. Predictability of survival without liver 
transplantation is often difficult. Using 1H NMR on 
serum and urine, Saxena et al[15] has shown the 

potential to predict an unfavorable outcome from 
a metabolomic profile-evaluation in patients with 
fulminant hepatic failure. In this study, metabolomics 
profiles of patients with Fulminant Hepatic failure and 
favorable (n = 20) or unfavorable (n = 10) outcomes 
were compared. The results of this pilot study showed 
that one single biomarker (Glutamine) could permit to 
predict unfavorable outcome with a high sensitivity.

In another area of acute liver injury, Ranjan et al[16] 
examined serum in patients of liver injury to explore 

Figure 3  Typical proton nuclear magnetic resonance (500 MHz) spectra of the region between 0 and 6 ppm from cirrhotic patient. Region between 4.5 and 
5.0 ppm corresponding to the water and urea was suppressed. Peak assignment: 1: Fatty acids (-CH2-CH2-CH2-CH3); 2: Isoleucine; 3: Valine; 4: Fatty acids (-CH2-
CH2-CH2-); 5: Lactate; 6: Alanine; 7: Fatty acids (-CH2-CH2-CO-); 8: Fatty acids (-CH2-CH2-CH=); 9: Fatty acids (=CH-CH2-CH2-); 10: Acetyl signals from α1-acid 
glycoprotein; 11: Fatty acids (-CH2-CO-); 12: Glutamine; 13: Fatty acids (=CH-CH2-CH=); 14: Albumin lysyl; 15: Choline; 16: Glucose; 17: Lactate; 18: Fatty acids 
(-CH=CH-). Adapted from Nahon et al[29].
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the possible clinical application of new metabolites as 
a biomarker to detect traumatic liver damage in blunt 
abdominal trauma. In this study, 1H NMR spectroscopy 
revealed only two amino acids, phenylalanine and 
tyrosine, in the sera of the subjects with liver injury, 
irrespective of the extent and type of injury gauged 
by radiology or laparotomy. The author concluded that 
these biomarkers detected by NMR spectroscopy could 
get a relevant clinical importance in establishing liver 
injury in patients with blunt abdominal trauma.

AutoImmune hepatitis: Diagnosis of autoimmune 
hepatitis (AIH) is often difficult because of lack of 
specificity of biological and clinical signs. Moreover, 
diagnosis of AIH might be confounded with other acute 
liver conditions like DILI or primary biliary cirrhosis or 
overload from other diseases. Wang et al[17] assessed 
the utility of metabolomics in the diagnosis of the 
disease. Plasma metabolomics profiles of patients 
with AIH, PBC, DILI, PBC and healthy subjects were 
compared. Nine biomarkers showed great sensitivity in 
discriminating AIH from other disease were identified. 
The utility for the diagnosis of the biomarker panel 
was assessed and they achieved good sensitivity and 
specificity in distinguishing AIH from other diseases.

Chronic liver disease
Chronic viral hepatitis: Different viruses cause 
hepatitis infection. Hepatitis C virus is one of the 
most important and has infected about 150 million 
people worldwide[18]. Expensive biological methods to 
diagnosis HVC infection are problematic, especially in 
developing countries.

Several studies using metabolomics approaches 
in the field of viral hepatitis have been done. One of 
the most relevant is the study ran by Godoy et al[19]. 
In a metabolomics model based on 1H NMR spectra of 
urine they discriminated patients with HCV infection 

with high sensitivity (94%), specificity (97%) and 
accuracy (95%). These findings reveal the potential of 
metabolomics as a low cost, noninvasive diagnosis of 
HCV related hepatitis using urine samples.

Assessment of cirrhosis and its complications: 
Studies have shown a close relationship between 
metabolic abnormalities and the severity of the 
disease in sera and tissues[20-23]. In those studies, 
a metabolomics approach was a powerful tool in 
assessing the severity of chronic liver failure in 
alcohol-induced cirrhosis within a cohort of patients 
without acute decompensation. For instance, in our 
previous study, the severity of chronic liver failure 
was evaluated using the MELD score, and correlated 
well with impairment of lipid, glucose, and amino acid 
metabolism[20]. Other studies show that metabolomics 
can fingerprint the differences between compensated 
and decompensated cirrhosis, and between cirrhosis 
caused by alcohol or viruses[24,25].

Assessments of complication in patients with 
chronic liver disease, especially with cirrhosis, were 
performed using metabolomics approaches.

Hepatic encephalopathy (HE) is a well-known 
complication of liver cirrhosis. Its diagnosis is currently 
performed at the bedside using clinical examination. 
Unfortunately low grade or “sub-clinical” HE (also 
called minimal hepatic encephalopathy) is more 
difficult to diagnose and request using more complex 
psychometric tests that are time consuming and not 
realized in routine. In this case, biomarkers could be 
easier to use and helpful. Jiménez et al[26] have shown 
that using 1H-NMR to assess the metabolomics of sera 
from patients with cirrhosis could discriminate between 
patients with minimal hepatic encephalopathy and 
those with no encephalopathy.

Recently, we described a serum metabolite fin­
gerprint for acute-on-chronic liver failure, obtained 

NMR MS

Sensitivity (detection limit) Usually micromolar (nanomolar with cryosonde) Picomolar
Reproducibility High Low
Detected Non targeted approach Targeted approach
Metabolite Detect metabolite Only if contain proton on the molecule Need specific preparation to well detected some 

metabolites (Lipids…)
Metabolite identification Easy, using 1D and/or 2D spectra and databases More difficult, need sometime complementary analysis
Number of know 
identifiable metabolites

More than 200 More than 4000

Sample Simple preparation (minimal add of D2O, Buffer and sometime 
reference)

Preparation more complex (protein extraction, etc.)

Non destructive method Destructive method
Need 400 μL (less than 10 μL with microprobe) Need few microliters

Type of sample Liquid (urine, whole blood, serum, plasma, etc.) and intact tissue Liquid
Cost of machine Very high High
Cost of sample analysis Lower Higher
Signal acquisition time 5 to 15 min for 1D spectra Around 10 min

More longer for 2D spectra (few hours)

NMR: Nuclear magnetic resonance; MS: Mass spectroscopy.
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Metabolites Variation Model/pathology Sample Ref.

2OH butyrate - HBV vs HEV Plasma [36]
3OH butyrate + ximelagatran toxicity Plasma [37]
3OH butyrate + Cirrhosis (HBV/alcohol) vs controls Serum [24]
Acetate + acetaminophen toxicity Urine [14]
Acetate + HCC vs cirrhosis Serum [29]
Acetate - Cirrhosis severity Serum [20]
Acetoacetate - Cirrhosis and encephalopathy Serum [26]
Acetoacetate + Cirrhosis (HBV/alcohol) vs controls Serum [24]
Acetoacetate - HBV vs alcohol cirrhosis Serum [24]
Acetoacetate - HBV vs control Urine [36]
Acetoacetate + AIH vs healthy, PBC, OS and DILI Plasma [17]
Acetone - HEV vs control Plasma [36]
Acetone + Cirrhosis (HBV/alcohol) vs controls Serum [24]
Acetone - Decompensated vs compensated cirrhosis Serum [25]
acetone - HCC vs Cirrhosis vs controls Urine [31]
Acetone + AIH vs healthy, PBC, OS and DILI Plasma [17]
bile acids + Cholangicarcinoma vs other causes Bile [38]
Bile acids + HCC vs adjacent tissue Liver tissue [39]
Carnitine - HBV vs control Plasma [36]
Citrate + AIH vs healthy, PBC, OS and DILI Plasma [17]
Choline - fibrosis vs cirrhosis liver tissue [21]
Choline + HCC vs adjacent tissue liver tissue [39]
Choline, P-choline - Cirrhosis severity serum [20]
Creatine + AIH vs healthy, PBC, OS and DILI Plasma [17]
Creatine + high grade HCC vs low grade HCC Liver tissue [39]
Dimethylamine + AIH vs healthy, PBC, OS and DILI Plasma [17]
Fatty acids - Biliary tract cancer Bile [33]
Fatty acids - Non fonctionnal vs fonctionnal graft after liver transplantation Blood (extraction) [34]
fatty acids - Cirrhosis and encephalopathy Serum [26]
fatty acids (HDL) - Cirrhosis severity Serum [20]
fatty acids (HDL) - HCC vs cirrhosis Serum [29]
Glutamine + AIH vs healthy, PBC, OS and DILI Plasma [17]
Glycerol + HEV vs control Plasma [36]
Glycerol + Cirrhosis and encephalopathy Serum [26]
GPC - mild vs moderate fibrosis vs cirrhosis Liver tissue [40]
GPC + HCC vs adjacent tissue Liver tissue [39]
GPC/P-choline - Cirrhosis (HBV/alcohol) vs controls Serum [24]
Histidine + AIH vs healthy, PBC, OS and DILI Plasma [17]
Isobutyrate + Cirrhosis (HBV/alcohol) vs controls Serum [24]
Isobutyrate + HBV vs alcohol cirrhosis Serum [24]
LDL - Cirrhosis (HBV/alcohol) vs controls Serum [24]
LDL - decompensated vs compensated cirrhosis Serum [25]
lipids - HCC vs adjacent tissue Liver tissue [39]
lipids - high grade HCC vs low grade HCC Liver tissue [39]
OH-butyrate - Cirrhosis severity Serum [20]
P-choline + Fibrosis vs cirrhosis Liver tissue [21]
P-choline - Mild vs moderate fibrosis vs cirrhosis Liver tissue [40]
P-choline + HCC vs adjacent tissue Liver tissue [39]
P-choline + Cirrhosis and encephalopathy Serum [26]
P-choline/GPC - High grade HCC vs low grade HCC Liver tissue [39]
Pdt-choline + Cholangicarcinoma vs non cancer Bile [38]
Pdt-choline - Mild vs moderate fibrosis vs cirrhosis Liver tissue [40]
P-ethanolamine + HCC vs adjacent tissue Liver tissue [39]
P-ethanolamine + High grade HCC vs low grade HCC Liver tissue [39]
P-ethanolamine + Fibrosis vs cirrhosis Liver tissue [21]
PUFA - Mild vs moderate fibrosis vs cirrhosis Liver tissue [40]
Pyruvate + AIH vs healthy, PBC, OS and DILI Plasma [17]
Saturation index + Mild vs moderate fibrosis vs cirrhosis Liver tissue [40]
Total lipids +, - Mild vs moderate fibrosis vs cirrhosis Liver tissue [40]
Total choline/lipids - Mild vs moderate fibrosis vs cirrhosis Liver tissue [40]
Unsaturated FA + Fibrose vs cirrhose Liver tissue [21]
Unsaturated FA + Cirrhosis (HBV/Alcohol) vs controls Serum [24]
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VLDL - Cirrhosis (HBV/Alcohol) vs controls Serum [24]
VLDL - Decompensated vs compensated cirrhosis Serum [25]

Figure 4  Example of metabolomic study using a training and test set to validate the model. A: Creation of the model. On this Figure called score plot, each 
point represented the projection of an NMR spectrum (and thus one patient is sample) on both axes of the model. On this score plot, each dot corresponds to a 
spectrum colored according to the absence (blue) or the presence (red) of hepatocellular carcinoma (HCC). The constructed model provides a good distinction 
between the spectrum of cirrhotic patients without HCC and those with HCC; B: Validation of the model. Each new spectrum was projected in the score plot using 
the previously constructed model to enable prediction of the presence or absence of hepatocellular carcinoma (HCC). Each dot corresponds to a spectrum coloured 
depending on the absence (blue) or presence (red) of HCC; C: Discriminant metabolites. On this Figure called loading plot, variations of bucket intensities are 
represented using a line plot between 0 to 6 ppm. Positive signals correspond to the metabolites present at increased concentrations in patients with large HCC. 
Conversely, negative signals correspond to the metabolites present at increased concentrations in patients without HCC. 1: HDL; 2: Fatty acids; 3: Acetate; 4: Fatty 
acids; 5: N-acetyl-glycoprotein; 6: Glutamate; 7: Glutamine; 8: Fatty acids. Adapted from Nahon et al[29]. 

100

50

0

-50

-100

To
rt

h  
(2

0.
8%

)

-60               -40               -20                 0                 20                40                 60

Tpred (8.2%)

100

50

0

-50

-100

To
rt

h  
(2

0.
8%

)

-60               -40               -20                 0                 20                40                 60

Tpred (8.2%)

10

5

0

-5

Co
va

ria
nc

e 
(×

 1
0-5

)

6              5              4              3              2              1               0

Chemical shift (ppm)

P  value

3

1
12

5

4

6

7 78
1

1e-25

1e-17

1e-11

1e-06

1e-02

A

B

C

HBV: Hepatitis B virus; HBE: Hepatitis E virus; HBC: Hepatitis C virus; HCC: Hepatocellular carcinoma; AIH: Autoimmune hepatitis; OS: Overleap 
syndrome; PBC: Primary biliary cirrhosis; DILI: Drug induced liver injury; FA: Fatty acid; HDL: High density lipoproteins; LDL: Low density lipoproteins; 
VLDL: Very low density lipoproteins; P-choline: Phospho-choline; GPC: Glycerol-phospho-choline; P-ethanolamine: Phosphor-ethanolamine; PUFA: 
Polyunsaturated fatty acids; Pdt-choline: Phosphatidylcholine.
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with 1H-NMR[27]. The hypothesis in this study was 
that cirrhotic patients with acute event (acute-on-
chronic liver failure or ACLF group) have had a specific 
metabolic response as compared to cirrhotic patients 
with stable cirrhosis (chronic liver failure or CLF group). 
Both groups were distinguished using multivariable 
statistical methods and specific metabolomics 
fingerprint of ACLF patients in intensive care unit 
was identified. Several metabolites were identified 
and reflected major change in liver function such as 
energy metabolism, urea metabolism or amino-acid 
metabolism but also major extra-liver function change 
such as renal impairment or related to inflammation 
and/or necrosis.

Liver cancer: Recent studies have attempted to 
describe the metabolic phenotype of liver cancer in 
heterogeneous populations of patients with hepato­
cellular carcinoma (HCC) using 1H NMR. This has led 
to the identification of various metabolically impaired 
pathways in serum and urine[28-31]. Goa et al[28] have 
shown that metabolite profiles obtained from 1H NMR-
based metabolomics analysis of blood serum may be 
different in healthy volunteers compared to patients 
with liver cirrhosis or hepatocellular carcinoma. Major 
changes to metabolites within the sera include lipids, 
ketone bodies, and amino-acid metabolism. Soper et 
al[32] have performed an in vitro 1H NMR spectroscopy 
study to characterize liver biopsy samples into normal, 
cirrhotic or hepatocellular carcinoma on the basis of 
a computer-based statistical classification strategy 
with changes in lipids, choline and creatine identified. 
Ninety-eight percent of hepatocellular carcinomas in 
this series were distinguished from non-malignant 
tissue on the basis of reduced lipid and increased 
choline content. We used this approach to assesse the 
metabolomic profiles of serum from alcoholic cirrhotic 
patients with and without hepatocellular carcinoma[29]. 
This study included 154 consecutive patients with 
compensated biopsy-proven cirrhosis. Among these, 
93 had cirrhosis without HCC, 28 had biopsy-proven 
HCC eligible for curative treatment (“small” HCC) and 
33 had HCC outside the curative treatment criteria 
(“large” HCC). The first step in this study was to 
create a diagnostic model with “large” HCC population 
and validate it (Figure 4A and B). In this model, 
discriminant metabolites that increased with large HCC 
were, glutamate, acetate and N-acetyl glycoproteins, 
whereas metabolites that correlated with cirrhosis 
were lipids and glutamine (Figure 4C). The second 
step was to assess the diagnostic performance of the 
model using the “small HCC” population. Unfortunately 
projection of small HCC samples into the first model 
showed a heterogeneous distribution between large 
HCC and cirrhotic samples. Nevertheless, small HCC 
patients with metabolomic profiles similar to those of 
large HCC group had higher incidences of recurrence 
or death during follow-up (63% vs 47%). Serum NMR-

based metabolomics identified metabolic fingerprints 
that could be specific to large HCC in cirrhotic livers. 
From a metabolomic standpoint, some patients with 
small HCC, who are eligible for curative treatments, 
seem to behave as patients with advanced cancerous 
disease. This finding indicates the usefulness of the 
monitoring by this approach during the follow-up of 
those patients before and after treatment.

Biliary tract cancer is an uncommon type of liver 
cancer with high mortality and which is difficult to 
diagnosis. Wen et al[33] used metabolomics profile 
of bile to distinguish patients with biliary cancer 
from patients with benign biliary duct diseases. This 
approach provides a good performance to discriminate 
cancer from benign diseases. Moreover, metabolomics 
approach has shown higher diagnostic performance 
(sensitivity of 88% and specificity of 81%) than 
conventional tests (CA19-9; CEA and bile cytology).

Liver transplantation
Clinical course after liver transplantation is sometimes 
chaotic and life threatening Unfortunately, bad out­
comes are unpredictable, especially immediately after 
the transplant. One of the major concerns for the 
transplant team immediately after the surgery is to 
know whether the graft works. Failure of graft function 
remains an important cause of mortality. Some serial 
reports using metabolomics approaches have shown 
interesting results concerning the follow-up of patients. 
Serkova et al[34] described the blood metabolomics 
profile, which permits early detection of graft failure. 
In this case report, they were able to identify several 
metabolites in case of graft failure using sequential 
approach with multiple samples in the same patient: 
lactate, uric acid, glutamine, methionine increase and 
total fatty acids, citrate decrease. Thus, they have 
shown that metabolomics profiling can be a additional 
tool in clinical decision making. Unfortunately, vali­
dation on this interesting work is not available.

To assess the quality of the liver before tran­
splantation, Melendez et al[35] analyzed metabolomic 
profiles of hepatic bile in vitro 1H NMR spectroscopy. 
They included bile samples from donors and recipients. 
The main result showed a greater phosphatidylcholine 
signal in bile from steatotic graft compared with normal 
grafts.

CURRENT LIMITATION OF 
METABOLOMICS AND FUTURE CLINICAL 
APPLICATION
In this review we have highlighted studies that have 
advanced our understanding of various liver diseases. 
The examples above demonstrate that the integration 
of metabolomics approaches into basic and biomedical 
research is already improving our understanding of 
biological mechanism, with important applications 
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in the study of disease and/or therapeutic response. 
Technological advances have brought metabolomics 
to the point where these techniques can find general 
application in medicine.

However, there are several challenges to be overcome 
before metabolomics approaches can become a valuable 
clinical tool. It will be necessary to translate the technic 
in hospital lab, improve, simplify and automatized 
bioinformatics strategies, automatic recon of biomarker 
or metabolomics profile, validated the results in large 
prospective observational and interventional studies 
with meaningful clinical-end point.

Only after that and probably in a near future, 
results from metabolomics approach (with analysis 
and interpretation) will be available to the clinician in 
less than 1 d.

Metabolomics profiling could be useful in per­
sonalized medicine for diagnosis, prognosis and to 
follow patients-response before and after treatment. 
Metabolomics has the potential of providing new 
criteria to risk-stratify patients and develop novel 
approaches for individualized treatment.

CONCLUSION
Metabolomics is a powerful method that can be used 
to quantitatively assess the differences in metabolite 
abundance or to determine metabolic fingerprint 
discriminating different disease states, the severity of 
disease extension, drug treatment metabolic impairment 
or pathophysiological mechanism investigation. The 
ability to perform such studies in a large range of 
biological samples, especially urine samples, which are 
easy to collect and non-invasive, makes it an attractive 
platform for translation to clinical use.
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