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BIOMARKERS FOR ASSESSING LIVER FUNCTION

Field of the invention

The invention relates to a method for assessing liver function, in particular for
predicting the clinical outcome of liver disease. It also relates to a kit for use in such
a method and to the treatment of an individual identified as at risk of deleterious

outcome using the method.

Background to the invention

Statistics from the NIH suggest there are in excess of 3000 patients with
fulminant hepatic failure per year in the United States. If this data is extrapolated to
incorporate the increasing burden of viral and alcoholic liver disease in The West and
also in the under-developed world, the number of cases exceeds millions per year
world-wide.

With global increasing incidence of end-stage liver disease secondary to
alcohol injury, viral hepatitis and the more recently identified entity of non-alcoholic
fatty liver disease, and a lack of significant increase in the liver transplant donor pool,
a need for identification of individuals with rapid deterioration in liver function

requiring supportive and interventional treatments, has markedly increased.

Summary of the invention

The inventors examined decompensated alcoholic cirrhosis patients and have
established that plasma levels of two methylarginines in plasma, asymmetric
dimethylarginine (ADMA) and its stereo-isomer symmetric dimethylarginine
(SDMA), are significantly higher in alcoholic hepatitis patients and in non-survivors.

The combined sum of plasma ADMA and SDMA, termed a dimethylarginine
score (DAS), was also a better predictor of clinical outcome in alcoholic cirrhotic
patients than other known biological scoring systems or either dimethylarginine alone.

Accordingly, elevated levels of methylarginines represent important biological

markers of deleterious outcome in alcoholic hepatitis patients, in whom there is also a
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high incidence of organ failure and sepsis. These markers may be used as a reliable
predictor of progression and outcome in patients with liver disease, those undergoing
liver transplantation and in patients with multi-organ failure and sepsis.

The inventors have established further that, in patients with alcoholic liver
disease, patients who die have a significantly increased ischemia modified albumin
(IMA): albumin ratio (or “IMAR?).

Despite methylarginine levels, DAS and IMAR being suggestive of markers
for disease progression and outcome, the inventors have found that combining
methylarginine measurement with IMAR as a combined biomarker improves the
predictive utility of poor outcome and, therefore, that such a combination provides a
predictive utility to assess mortality risk. In particular, the inventors have found that
combining DAS with IMAR as a combined biomarker (“DASIMAR?) provides an
excellent predictive utility to assess mortality risk.

In accordance with the present invention, there is thus provided a method for
assessing liver function in an individual, which method comprises determining the
level of one or more methylarginines and the ratio of ischemia modified albumin
(IMA): albumin ratio (IMAR) in the individual.

The invention also provides:

- a test kit suitable for use in a method for predicting the outcome of liver
disease in an individual, which test kit comprises means for determining the level of
one or more methylarginines and/or the ratio of ischemia modified albumin (IMA):
albumin ratio (IMAR) in the individual;

- use of an agent in the manufacture of a medicament for use in a method of
treatment of liver disease in an individual, wherein the individual has been identified
as having an increased risk of mortality according to the method of the invention;

- a method for the treatment of liver disease in an individual, which method
comprises:

) determining whether the individual has an increased risk of death using

a method according to the invention; and
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(ii) administering to a individual identified in (i) as at risk of death, a
therapeutically effective amount of an agent useful in the treatment of liver disease;
and
- products containing:

@) means for determining the level of one or more methylarginines and
the ratio of ischemia modified albumin (IMA): albumin ratio (IMAR) in the
individual; and

(i)  an agent which is useful in the treatment of liver disease, as a
combined preparation for simultaneous, separate or sequential use in a method of

treatment of the human or animal body by therapy.

Brief description of the drawings

Figure 1 shows ADMA levels in patients and healthy volunteers: (a) Patients
with cirrhosis with superadded alcoholic hepatitis (AH+C+) have significantly higher
ADMA levels (P<0.001) compared to patients with cirrhosis alone (AH- C+). All
cirrhotic patients had significantly higher ADMA levels compared with normal
volunteers (P<0.001). (b) In-patient survivors with decompensated cirrhosis (n=39)
had significantly lower ADMA levels than those that died (n=13); P<0.001. (c) Sub-
analysis of patients demonstrated greater ADMA levels in AH+C+ survivors (n=15)
compared with AH- C+ survivors (n=24); P<0.01. ADMA levels were higher in
AH+C+ patients that died (n=12) compared with AH+C+ survivors; P<0.05)

Figure 2 shows SDMA levels in patients and healthy volunteers: (a) AH+C-+
patients have significantly higher SDMA levels (P<0.001) compared to AH- C+
patients. There was no difference in SDMA levels between AH- C+ patients and
healthy volunteers. (b) In-patient survivors with decompensated cirrhosis (n=39) had
significantly lower SDMA levels than those that died (n=13); P<0.001. (c) Sub-
analysis of patients demonstrated greater SDMA levels in AH+C+ patients that died
(n=12) compared with AH+C+ survivors; P<0.01. AH+C+ survivors (n=15) also had
higher SDMA values compared with AH — C+ (non-inflammatory cirrhotic)

survivors (n=24); P<0.01.
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Figure 3 shows ADMA compared with SDMA: A piot of ADMA vs. SDMA
in AH+C+ patients demonstrates that at the cut-off value for SDMA of 0.9 umol/L
derived from receiver operator curves, number of deaths as predicted by ADMA using
a cut-off 0.65 pmol/L, are not accounted for (denoted by the shaded area), suggesting
a potential benefit of a combined score of ADMA+SDMA (DAS) to determine
outcome.

Figure 4 shows percentage change in dimethylarginine score (DAS) during the
course of admission in survivors and non-survivors. This figure shows the percentage
increase in DAS [ADMA-+SDMA] value in non-surviving AH+C+ patients (n=12)
.compared to values from 18 surviving patients, including 6 AH+C+ patients, in whom
there was a net decrease in DAS value (P<0.01).

Figure 5 shows Kaplan-Meier Survival curves of the admission
dimethylarginine écore (DAS): The figure shows a Kaplan-Meier survival analysis
comparing in-hospital mortality in all studied alcoholic cirrhotic patients, based on
admission DAS value < 1.23 or > 1.23 (P<0.0005). A higher DAS scdre significantly
increases the risk of in-hospital mortality.

Figure 6 shows receiver Operator Curves calculated for the prognostic scores-
Discriminant Function (DF), Child-Pugh score, Model for End-stage Liver Disease
(MELD) and the Dimethylarginine Score (DAS) in alcoholic hepatitis (AH + C+)
patients: The ROC curves for DF, Child-Pugh, MELD and DAS are shown with the
area under the curve (AUROC) listed. It is evident from these figures that in the
subgroup of AH+ C+ patients, the DAS value provides the most reliable predictor of
mortality (AUROC =0.84), using a DAS cut-off of 1.52; this gives a sensitivity of
73% and a specificity of 83%.

Figure 7 shows DDAH IT and PRMT-1 Protein Expression: Representative
Western blots are shown for dimethylarginine-dimethylaminohydrolase-II (DDAH-II)
and protein-arginine-methyltransferase-1 (PRMT-1) expression in the studied AH+C+
and AH- C+ patients, together with their corresponding a-Tubulin protein blots, to
control for gel loading. A quantification of DDAH II and PRMT-1 densities on

Western blots of all assessed patient biopsies is represented in the column bars for
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AHAC+ and AH- C+ patients, having been corrected for a-Tubulin expression.
AH~+C+ patients have significantly lower DDAH II expression (P<0.01) and
significantly higher PRMT-1 (P<0.01) expression.

Figure 8 shows that decompensated alcoholic Fig 8 demonstrates that
decompensated alcoholic cirrhotic patients who die have a significantly increased
IMA/Alb ratio, compared to survivors, likely to reflect the worsening in disease
severity and the higher index of inflammation in these patients. This point is
illustrated in the lower panel where it can be seen that patients with the additional
inflammatory component of alcoholic hepatitis (AH) have a higher DAS and IMAR
than stable cirrhotics; Survivors of AH have lower DASIMAR scores than those that
die with progression of their disease.

Figure 9 shows survival receiver operator curves are for IMAR and
DASIMAR, respectively. It can be seen that the predictive utility is greater for
DASIMAR than IMAR alone, which we suggest relates to the synergistic and
additional contributions to the pathology of summing the two predictive scores, DAS
and IMAR, reflecting inflammation and haemodynamic chahges in addition to
progressive severity of liver dysfunction, as liver and multi-organ failure evolves.

Figure 10 shows the mathematical representation of all 3 components of the
DASIMAR score (namely ADMA, SDMA, and IMAR) and clearly demonstrates the
rationale for combining DAS and the IMAR scores to identify which susceptible

‘patients are unlikely to survive. In the ﬁgure, the mid-grey dots (seen at higher valves
on the IMAR axis) reveal the mathematical plane showing patients with alcoholic
patients who die, clearly distinguishable from survivors and those with cirthosis
alone.

Figure 11 shows the ROC curves for IMAR, DAS and DASIMAR obtained
from studies performed on rats treated with galactosamine (Sigma, Poole UK) by
intra-peritoneal injection (IP) at 1g/kg (n=22) followed 24 hours later by a further
challenge in a subgroup with lipopolysaccharaide (LPS — Klebsiella pneumonia,

n=11) administered IP at 1mg/kg.
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Detailed description of the invention

Throughout this specification, the word “comprise”, or variations such as
“comprised” or “comprising”, will be understood to imply the inclusion of a stated
element, integer or step, or group of elements, integers or steps, but not the
exclusion of any other element, integer or step, or group of elements, integers or
steps.

The reference to any prior art in this speciﬁcation4 is not, and should not be
taken as, an acknowledgement or any form of suggestion that that prior art forms part
of the general knowledge in Australia or elsewhere.

Currently used prognostic scores for liver failure lack specificity, which partly
relates to the use of clinical variables which are subject to observer differences. These
scores also incorporate biological parameters such as bilirubin and prothrombin time,
the assays for which vary between laboratories, whilst other biological parameters
such as creatinine are affected by nutritional status and cholestasis in patients with
progressive liver injury.

There is thus a need to find a specific and sensitive marker of progressive liver
dysfunction that remains independent of clinical and biological variables, which are
subject to variation dependent on patient and lab status. This marker should also
reflect the evolution of pathology, with specific reference to inflammation and organ
dysfunction. '

The present invention is based on a combination of two types of markers,
methylarginines and ischemia modified albumin (IMA).

There are two methylated arginines in plasma, asymmetric dimethylarginine
[ADMA] and its stereo-isomer symmetric dimethylarginine [SDMA]. Measurement
of methylarginine in accordance with the invention may encompass the measurement
of one or more methylarginines such as one or both of these dimethylarginines. For
example, in one embodiment, measurement of methylarginine in accordance with the
invention may be measurement of combined ADMA and SDMA, giving a combined

dimethylarginine score (DAS).
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The inventors have determined that the measurement of dimethylarginines,
products of normal post-translational protein modifications, using a combined
dimethylarginine score (DAS score) allows the shortcomings of currently used
biological scoring systems to be overcome, whilst also reflecting the evolution of
pathology with a reliable predictive utility of early (28 day) mortality form liver
failure, as demonstrated in a recent pilot study.

A DAS score is calculated from the summation of measured values of ADMA
and SDMA. The inventors’ studies suggest that these two variables reflect both
inflammatory status and identify early evolution of organ failure (Figure 1).
Furthermore, patients that die have a significant percentage increase in DAS
compared with survivors, in whom there is a relative reduction (Figure 4).

The inventors have demonstrated that the use of these measurements acts as a
reliable predictor of outcome in patients with acute liver failure, including changes
with liver transplantation, as well as in those with ACLF. It is believed that
application of this test or score helps define those patients with progressive liver
failure in whom early intervention with liver support systems is warranted, compared
with currently available prognostic scores (DF, MELD, Child-Pugh). (see Figure 6:
ROC curves).

Its use may also be extended to (i) a population of patients awaiting
transplantation to stratify utilization of organs for transplantation or to determine
organ function after orthotopic liver transplantation (ii) patient with multi-organ
failure and sepsis with liver dysfunction, in which a method as described herein, such
as a method that assesses the combined DAS value, could be used to predict poor
outcome.:

The potential advantages of the methylarginine or DAS score system is that it
involves a highly precise measurement of ubiquitous methylarginines that are not
dependent on nutritional intake (as creatinine is) nor variations of assays across
continents as occurs with the use of Prothrombin Time measurement applied to
current scoring systems. DAS measurement is also not dependent on clinical variables

and its mathematical calculation can be derived at the bedside, without the need for
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computation. The currently validated measurement systems include the use of high-

performance liquid chromatography or/and mass-spectrometry to achieve

_reproducible and reliable separations between the stéreoisomers. However, a

methylarginine measurement or a DAS score may be determined using any suitable
method, for example in the form of an assay which could be performed at the bedside,
using an ELISA which would simplify measurement within a clinical setting.

Given that the varying levels 6f albumin in liver patients determined partly by
nutrition and largely by residual liver synthetic function, the inventors have modified
the application of the albumin-cobalt binding assay to factor in a ratio of IMA to
native albumin in the serum- a serum IMA :albumin ratio, or “IMAR”. Datain a
series of 52 decompensated patients with alcoholic liver disease suggest that patients
who die have a significantly increased IMA:albumin ratio (P<0.01). Furthermore, as
with the methylarginine or DAS value, there is a suggestion that IMAR may reflect
inflammatory status and thereby the underlying pathological evolution of the disease
(see Figure 8). Using receiver operator curves to predict mortality, the area under the
curve was found to be 0.73 (£0.06) for the cohort studied, suggesting that IMAR may
be a useful predictive test of mortality in these patients.

However, the inventors have found that a combination of a methylarginine
measurement (such as DAS) with IMAR as a combined biomarker improves the
predictive utility of poor oﬁtcome. A combination of DAS score with IMAR leads to
an AUROC of 0.91 ((z:0.04) with 95% confidence intervals of 0.81-0.99, and a
sensitivity of 74% and specificity of 92%. This provides an excellent predictive
utility to assess mortality risk. (Figure 9), whilst also reflecting worsening organ
failure and inflammation, elements of the pathophysiology of liver failure, that may
be targeted by specific interventions such as albumin dialysis and therapies to reduce
inflammation. Methods of the invention such as DASIMAR could thus potentially
also be used to monitor response to intervention.

Accordingly, methylarginines (such as DAS) and IMAR are suggestive of

markers for disease progression and may be used in combination. The invention thus
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relates to a method for assessing the likelihood of progressive liver dysfunction and
the development of multi-organ failure.

The assessment of liver function may be useful in a wide range of situations.
For example, the method allows the patienfs with liver dysfunction to be distinguished
from those with no liver dysfunction. Thus, the progression of liver disease may be
monitored using the method of the invention; in particular those patients who are
likely to suffer from a deleterious outcome may be identified. That is to say, the
method of the invention may be used to predict the outcome of liver disease.

The method of the invention may also be used inter alia to assess liver
function in post-liver transplantation, to assess liver function in reperfusion injury in a
graft post-liver transplantation or assessing liver function in patients who develop
multi-organ failure and sepsis.

Liver failure is the final stage of liver disease. Liver failure is divided into
types depending on the rapidity of onset. Acute liver faiture develops rapidly, but
chronic liver failture may take months or years to develop. By definition, liver failure
occurs when the liver is so diseased, and functioning so poorly, that encephalopathy is
evident. Any progressive liver disease can result in liver failure; examples include:
acetaminotophen toxicity, cirrhosis, viral hepatitis, and metastatic cancer of the liver.
Other signs of liver disease such as jaundince, ascites, fetor hepaticus, and failure of
coagulation indicate that the liver is having trouble performing its normal
physiological duties, but it is not termed liver failure until the mental status changes
appear.

The prognosis for patients with liver disease is difficult to estimate because the
condition has many causes. According to the invention, it is, however, possible to
predict the clinical outcome of liver disease, in particular in patients with acute liver
failure, as well as in those with ACLF. It may also be possible to identify early
evolution of organ failure. In addition, those patients with progressive liver failure in
whom early intervention is justified may be identified. Changes involved in liver

transplants may also be identified using the method of the invention.
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Accordingly, the method of the invention may be carried out on an individual
whose liver is decompensated or who shows features of hepatic encephalopathy. The
individual’s liver may be in the compensated state. The individual may have chronic
liver disease. The individual may have liver cirrhosis, for example with or without
alcoholic hepatitis. The individual may have acute liver failure. The individual may
have hepatic encephalopathy.

The onset of both acute and chronic liver disease may be due to a xenobiotic
cause. For example, the individual may have been exposed to a chemical, drug or
some other agent which causes liver damage. The individual may have a reaction to
an over-the-counter, prescriptive or “recreational” drug which causes liver damage.
The individual may have been taking Rezulin™ (troglitazone; Parke-Davis),
Serzone™ (nefazodone; Bristol-Myers Squibb) or other drugs thought to cause liver
damage. The individual may be one who has had an overdose of a particular drug or
exceeded the recommended dosage of a drug capable of causing liver damage. For
example, the individual may have taken an overdose of paracetamol. The individual
may have been exposed tol chemicals which can cause liver damage such as, for
example, at their place of work. For example, the individual may have been exposed
to such chemicals in an industrial or agricultural context. The individual may have
consumed plants which contain compounds which can cause liver damage, in
particular this may be the case where the individual is an animal, such as a herbivore.
For example, the individual may have consumed a plant containing pyrrolizidine
alkaloid such as ragwort. The individual may have been exposed to environmental
toxins thought to cause liver disease.

Drug-related liver toxicity comprises more than 50% of all cases with acute
liver disease (acute liver failure). Acetaminophen-(also known as paracetamol and N-
acetyl-p-aminophenol) toxicity is the most common cause of acute liver failure in the
United States and Great Britain. Long-term moderate to heavy alcohol users who take
acetaminophen in therapeutic or modestly excessive doses are at risk of severe hepatic
injury and possibly acute liver failure. Alcohol use potentiates the toxic effects of

acetaminophen. Idiosyncratic drug toxicity also contributes to acute liver failure.
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Idiosyncratic drug toxicity is thought to be a hypersensitivity response wherein the
individual responds to a drug in a pharmacologically abnormal way. This abnormal
response can lead to acute liver failure.

The acute liver failure or chronic liver disease may be caused by infection
with a pathogenic organism. For example, the liver disease may be due to viral
infection. In particular, the individual may be infected, or have been infected, with a
virus which causes hepatitis. The individual may have chronic viral hepatitis. The
virus may, for example, be hepatitis B, C or D virus. In some cases, and in particular
where the individual has viral hepatitis, the individual may also be infected with HIV-
IorII. The individual may have AIDS. It is possible that the individual may have
been, or be, infected with other organisms which cause liver disease and in particular
those which are present in the liver during some stage of their life cycle. For example,
the individual may have, or have had, liver fluke.

The individual may have an inherited disease which causes, or increases the
risk of, chronic liver disease. For example, the individual may have one or more of
hepatic hemochromatosis, Wilson’s disease or a-1-antitrypsin deficiency. The
individual may have an inherited disorder which causes some kind of structural or
functional abnormality in the liver which increases the likelihood of liver fibrosis.
The individual may be genetically predisposed to develop an autoimmune disorder
which damages the liver and hence which can contribute to liver fibrosis.

The chronic liver disease may be alcohol-induced. A man or woman to be
treated may be, or have been, an alcoholic. He or she may be, or have been,
consuming on average 50 or more units of alcohol per week, 60 or more units of
alcohol per week, 75 or more units of alcohol per week and even 100 or more units of
alcohol per week. The man or woman may be, or have.been, consuming on average
up to 100 units of alcohol per week, up to 150 units of alcohol per week and even up
to 200 units of alcohol per week. The measurement of one unit of alcohol differs
from country to country. Here, one unit equals 8§ grams of ethanol in accordance with

the United Kingdom standard.

11
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The man or woman may have been consuming such levels of alcohol for 5 or
more years, 10 or more years, 15 or more years or 20 or more years. The individual
may have been consuming such levels of alcohol for up to 10 years, up to 20 years, up
to 30 years and even up to 40 years. In cases of alcohol-induced liver cirrhosis the
individual may be aged, for example, 25 years or over, 35 years or over, 45 years or
over and even over 60 years.

The individual may be male or female. Women may be more susceptible to
the adverse effects of alcohol than men. Women can develop alcoholic chronic liver
disease in a shorter time frame and from smaller amounts of alcohol than men. There
seems to be no single factor to account for increased susceptibility to alcoholic liver
damage in females, but the effect of hormones on the metabolism of alcohol may play
an important fole.

Thus, the individual may be suffering from alcoholic hepatitis. Alcoholic
hepatitis may range from a mild hepatitis, with abnormal laboratory tests being the
only indication of disease, to severe liver dysfunction with complications such as
jaundice (yellow skin caused by bilirubin retention), hepatic encephalopathy, ascites,
bleeding esophageal varices, abnormal blood clotting and coma.

In the invention, the individual may have one or more of a number of other
conditions known to result in liver damage such as, for example, primary biliary
cirrhosis, autoimmune chronic active hepatitis, and/or schistosomiasis (parasitic
infection). The individual may have or have had a bile duct blockage. In some cases,
the underlying cause of liver disease may not be known. For example the individual
may have been diagnosed as having cryptogehic cirthosis. Accordingly, the
individual may be suspected of having any of the conditions listed herein.

Methods for diagnosing liver disease such as acute liver failure and hepatic
encephalopathy are well known in the art and in particular to clinicians and
veterinarians in the field. Preferably, the individual will have been diagnosed as
having a liver disease and hepatic encephalopathy, for example by a medical or
veterinarian professional. The individual may display one or more symptoms

associated with liver disease such as one or more of jaundice, ascites, skin changes,

12
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fluid retention, nail changes, easy bruising, nose bleeds, oesophageal varices, and in
male individuals may have enlargement of breasts. The individual may display
exhaustion, fatigue, loss of appetite, nausea, weakness and/or weight loss. The
individual may also display one or more symptoms associated with hepatic
encephalopathy such as one or more of confusion, disorientation, dementia, stupor,
coma, cerebral edema, multiorgan failure (respiratory failure, cardiovascular failure or

kidney failure), muscle stiffness/rigidity, seizures or speech impairment. The

- individual to be treated may or may not be taking other drugs to treat liver disease.

The individual to be treated may be at risk of developing hepatic encephalopathy.

The liver disease may have been, or be, confirmed by physical examination
including techniques such as ultrasound. Liver biopsies may have been taken to look
for build up of fibrosis, necrotic cells, cellular degeneration and/or inflammation and
other characteristic features of liver disease. Liver function may have been assessed in
the individual to determine whether this is compromised in the individual. The nature
and underlying cause of the liver disease may be characterized. Any history of
exposure to causative agents of liver disease may be determined.

The individual to be treated may be at risk for hepatic encephalopathic
episodes, for example patients who are awaiting liver transplants, surgical and/or
portal hypertension patients. A person at risk for hepatic encephalopathic episodes is a
person who has not suffered any hepatic encephalopathic episodes or has not suffered
any hepatic encephalopathic episode for an extended period of time (about 12 weeks
or longer), but has a disorder or medical condition which creates a risk of hepatic
encephalopathic episodes. A hepatic encephalopathic episode is a clinical condition
characterised by the presence of cerebral dysfunction in patients with liver disease or
dysfunction. There is a wide spectrum of mental disturbances in hepatic
encephalopathy which range from minimal where the main effects are a reduction in
the quality of life, to overt which leads to coma and ultimately death.

The method of the invention may be applied to monitoring liver dysfunction,
i.e. as a test of liver function, in the context of, for example, (i) post-liver

transplantation — the inventors have shown that after acute liver failure patients have

13
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been transplanted, there is a progressive reduction in ADMA and a slower drop in
SDMA reflected in a lower DAS score; (ii) reperfusion injury in a graft after liver
transplantation; (iii) critically ill patients in ITU who develop multi-organ failure-
liver dysfunction may be a primary driver and, therefore, the method of the invention
can identify this early on and track progress of this i.e. may predict those likely to get
further organ failure (for example, 1, 2 or 3 organs) and die. Accordingly, the
individual on which the method of the invention is practiced may be a liver transplant
patient, an individual suffering from reperfusion injury, for example in a graft after
liver transplantation or a patient at risk of developing or who has developed multi-
organ failure. '

In the ihvention, the level of methylarginine(s) and IMAR is determined in an
individual. *

Typically the method is carried cut in vitro on a sample from the individual.
The sample will generally be from a tissue known to contain methylarginine(s) and
IMA and albumin. The sample typically comprises a body fluid of the individual and
may, therefore, be serum for example. Alternatively, or additionally, the sample may
comprise urine, cerebrospinal fluid or hepatic tissue. Such samples may be obtained
in any appropriate way. Methods for obtaining serum and hepatic tissue are well
known to those skilled in the art.

Levels of methylarginine(s) in an individual, in particular ADMA and SDMA,
may be measured in any convenient fashion. Such methods are well known to those
skilled in the art. For example, the level of methylarginine(s) in a sample may be
measured using fragmentation specific stable isotope dilution electrospray tandem
mass spectrometry, or by ion-exchange extraction followed by HPLC with
fluorescence detection. Further detection techniques include capillary electrophoresis.

IMAR may be also be determined using any convenient method known to
those skilled in the art. For example, the Abbott Aeroset Bomocresol Purple (BCP)
test may be used for the measurement of serum albumin. The concentration of IMA

may then be determined by the addition of a known amount of Co(II) to a serum
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specimen and measurement of the unbound Co(II) by a colorimetric assay using
dithiothreitol.

The level of methylarginines individually or in combination, (for example
ADMA+SDMA = DAS score), and IMAR may be used to predict the clinical
outcome of liver disease in the individual.

Preferably, the method used for determining the level of methylarginine(s)
(such as ADMA and SDMA) and IMAR will be one which it is possible to carry out
relatively ﬁquickly and cheaply. The method used may be one which it is possible to
carry out at the bedside so as to simplify measurement within a clinical setting. For
example, an assay kit such as an ELISA may be used to measure the level of
methylarginines or to determine IMAR.

A DAS score is calculated from the summation of measured values of the 2
methylated arginines in plasma (asymmetric dimethylarginine [ADMA] and its’
stereo-isomer symmetric dimethylarginine [SDMAJ). These two variables reflect both
inflammatory status and identify early evolution of organ failure. Patients that die
have a significant percentage increase in DAS compared with survivors, in whom
there is a relative reduction.

Accordingly, in the method of the invention an elevated DAS score (or a score
generated from one or other of the components thereof), as compared with the
equivalent score in a patient not suffering from liver disease or a survivor of liver
disease, is a reliable predictor of the progression to organ failure or, more critically,
deleterious outcome, i.e. mortality.

An elevated DAS score (or a score generated from one or other of the
components thereof) thus acts as a reliable predictor of outcome in patients with acute
liver failure, including changes with liver transplantation, as well as in those with
ACLF. |

It is believed that application of this elevated score (as compared with non-
liver disease individuals or liver disease survivors) helps define those patients with

progressive liver failure in whom early intervention with liver support systems is
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warranted. Also, such elevated scores may be used to select individuals from a
population of candidates who are to receive liver transplants.

Patients with alcoholic liver disease who die have a significantly increased

* IMA:albumin ratio as compared with survivors. Furthermore, as with the DAS value,

IMAR appears to reflect inflammatory status and there-by the underlying pathological
evolution of the disease. Accordingly, IMAR may be a useful predictive test of liver
disease progression, and, in particular, mortality in these patients. |

A combination of a dimethylarginine Score (DAS) with IMAR as a combined
biomarker, improves the predictive utility of poor outcome, with an AUROC of 0.91
((0.04) with 95% confidence intervals of 0.81-0.99, and a sensitivity of 74% and
specificity of 92%. This provides an excellent predictive utility to assess mortality
risk, whilst also reflecting worsening organ failure and inﬂamrhation, elements of the
pathophysiology of liver failure, that may be targeted by specific interventions such as
albumin dialysis and therapies to reduce inflammation.

Accordingly, in the method of the invention, an elevated level of
methylarginine(s), as compared with the level of methylarginine(s) in an individual
not suffering from liver disease or in an individual who is a survivor of liver disease,
is indicative of a progression of liver disease, impaired hepatic function, increased
risk of mortality in the individual.

An increase in the combined level of ADMA and SDMA, as compared with
the combined level of ADMA and SDMA in an individual not suffering from liver
disease or in an individual who is a survivor of liver disease, is indicative of a
progression of liver disease, impaired hepatic function, increased risk of mortality in
the individual.

An increase in IMAR, as compared with IMAR in an individual not suffering
from liver disease or in an individual who is a survivor of liver disease, is also
indicative of a progression of liver disease, impaired hepatic function, increased risk
of mortality in the individual.

In the methods described above, an increase in the level of methylarginine(s), -

such as an increase in the combined level of ADMA and SDMA, and an increase in
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IMAR, as compared to an individual not suffering from liver disease or in an
individual who is a survivor of liver disease, is indicative of a progression of liver
disease, impaired hepatic function, increased risk of mortality in the individual.

Ideally, a DAS score (or a component score thereof) or a DASIMAR score
should be predictive of a specific outcome such as mortality, i.e. ideally the skilled
person would like to be able to determine clinical outcome, for example survival or
death, on the basis of such scores.

A receiver operating characteristic (ROC) curve may allow this to be
achieved. Such curves explore the relationship between the sensitivity and specificity
of a clinical test, such as DAS or DASIMAR, for a variety of different cut points, thus
allowing the determination of an optimal cut point, i.e. it will be desirable to select a
cut point above which, deleterious outcome of liver disease is indicated and below

. which survival is indicated.

Commonly used measures of the performance of a clinical test are the
sensitivity and specificity. Sensitivity is the probability that the disease (or outcome
in the case of the present invention) is diagnosed when it is actually present and
specificity is the probability that the disease is identified as being absent when it
properly is absent. Ideally, both of sensitivity and specificity should be one.
However, changing the cut point to try to increase one of sensitivity and specificity
will usually result in a decrease in the other. '

The ROC curve is a graphical technique for establishing the optimal cut point.
In order to construct a ROC curve one needs to calculate the sensitivity and specificity
for each possible cut point value. To make the ROC graph, the X-axis is 1 minus
the specificity and the Y-axis is the sensitivity. A diagonal line is drawn from the
lower left corner to the upper right corner. This graph reflects the characteristics of a
test with no discriminating power. The closer the graph gets to the upper left corner
the better it is at discriminating between cases and non-cases. An index of the
goodness of the test is the area under the curve — the closer this value is to one the

better the discriminating power of the test.
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Accordingly, an ROC curve may be used to establish a cut point for a DAS
score (or component score thereof) or a DASIMAR score. A score above the cut
point may be indicative of deleterious outcome such as mortality, whereas a score
below the cut point may be indicate of non-deleterious outcome such as survival,

The cut point can be selected depending on the requirements of the test, for
example whether it is more important to exclude false positives or whether it is more
important to identify all true positives. In the case of a test for identifying those
patients admitted with liver failure who will die, it is important that all of the those
patients are identified in which case the cut point may well also identify a number of
false positives.

In the method of the invention, a cut point may indicate a particular outcome
of liver disease, such as survival, or be indicative of progression of liver disease, for

. example onset of acute liver disease.

An appropriate cut point may be identified by those skilled in the art. For
example, a DAS cut point of 1.52 has been shown to be a useful predictor when
evaluating survival in patients suffering from alcoholic cirrhosis with alcoholic
hepatitis.

The method of the invention may be carried out in combination with one or
more additional scoring systems used to assess the severity of liver disease and
hepatic encei)halopathy and also the prognosis of subjects. For example, from about
two, three, four or more to about five, six, sevén, eight or more scoring systems may
be combined with those of the invention. Such additional scoring systems include the
Child-Pugh, West Haven Criteria, Glasgow Coma Scale or modified Child-Pugh
scoring system. Alternatively, or in addition, DF, SOFA, MELD or APACHE II may
be used scoring system may be used. Points are assigned to parameters including
serum bilirubin levels, serum albumin levels and to signs including presence of ascites
or encephalopathy. Subjects to be treated may be classified in Child-Pugh class A , B
or C. Generally subjects to be treated are classified in Child-Pugh class C.
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The invention also provides a test kit suitable for predicting the outcome of
liver disease in an individual, which test kit comprises means for determining the
level of one or more methylarginines and IMAR in the individual.

A test kit of the invention may also comprise an agent useful in the treatment
of liver disease.

A test kit of the invention may optionally comprise, appropriate buffer(s),
enzymes, for example a thermostable polymerase such as Taq polymerase and/or
control poﬁlynucleotides. A kit of the invention may also comprise appropriate
packaging and instructions for use in a method for predicting the outcome of liver
disease in an individual.

The invention allows the identification of an individual who has increased risk
of mortality. It may also allow the progression of liver disease to be monitored of the
effects of intervention to be determined, i.e. the efficacy of treatment of liver disease
in an individual may be monitored. Thus, the method may be carried out a number of
times in respect of the same individual and treatment to evaluate the effectiveness of a
course of treatment for liver disease.

Individuals identified as being at an increased risk of mortality may then be
treated accordingly.

The invention thus provides a method of treatment of liver disease, which
method comprises determining whether or not the individual has an increased risk of
mortality using the method as described above and then administering to the
individual a therapeutically effective amount of an agent useful in the treatment of
liver disease.

The invention also provides use of an agent which is useful in the treatment of
liver disease for use in, or for use in the manufacture of a medicament for use in, a
method of treatment of liver disease in an individual, wherein the individual has been
identified as suffering from an increased risk of mortality using the method set out
above.

Thus, the condition of an individual identified as having an increased risk of

mortality may be improved by administration of an agent which is used in the

19



10

15

20

25

30

WO 2008/029145 PCT/GB2007/003362

treatment of liver disease. A therapeutically effective amount of an agent which is
used in the treatment of liver disease may be given to an individual identified
according to a method of the invention.

Even when an individual is identified as having an increased risk of mortality,
the progression to complete liver failure may be irreversible. In this case, steps may
be taken to slow down the decline of liver function. The patient's diet may be
restricted. Protein consumption will typically be kept at optimal levels: if it is too
high, it can cause brain dysfunction, but too little can cause weight loss. Alcohol
must be completely avoided and sodium consumption may be kept down to help to
prevent ascites, the accumulation of fluid in the abdomen. Liver dialysis may be
approriate. Liver transplantation is the definitive treatment for liver failure, but is not
an option for all patients and the supply of livers is limited. Accordingly, the method
of the invention may be used to stratify potential recipients of liver transplants; those
most risk of death may be identified. Medications, such as lactulose may be given to
relieve the symptoms of liver failure.

An agent which is used in the treatment of liver disease may be administered
in a variety of dosage forms. Thus, an agent may be administered orally, for example
as tablets, troches, lozenges, aqueous or oily suspensions, dispersible powders or
granules. The agent which is used to treat disease may also be administered
parenterally, either subcutaneously, intravenously, intramuscularly, intrasternally,
transdermally or by infusion techniques. The agent may also be administered in the
form of a suppository. A physician will be able to determine the required route of
administration for each particular patient.

The formulation of an agent used in the treatment of liver disease will depend
upon factors such as the nature of the exact agent, whether a pharmaceutical or
veterinary use is intended, etc. An agent which is to be used to treat liver disease may
be formulated for simultaneous, separate or sequential use.

An agent used in the treatment of liver disease is typically formulated for
administration in the present invention with a pharmaceutically acceptable carrier or

diluent. The pharmaceutical carrier or diluent may be, for example, an isotonic
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solution. For example, solid oral forms may contain, together with the active
compound, diluents, e.g. lactose, dextrose, saccharose, cellulose, corn starch or potato
starch; lubricants, e.g. silica, talc, stearic acid, magnesium or calcium stearate, and/or
polyethylene glycols; binding agents; e.g. starches, gum arabic, gelatin,
methylcellulose, carboxymethylcellulose or polyvinyl pyrrolidone; disaggregating
agents, e.g. starch, alginic acid, alginates or sodium starch glycolate; effervescing
mixtures; dyestuffs; sweeteners; wetting agents, such as lecithin, polysorbates,
laurylsulphates; and, in general, non-toxic and pharmacologically inactive substances
used in pharmaceutical formulations. Such pharmaceutical preparations may be
manufactured in known manner, for example, by means of mixing, granulating,
tabletting, sugar-coating, or film-coating processes.

Liquid dispersions for oral administration may be syrups, emulsions or
suspensions. The syrups may contain as carriers, for example, saccharose or
saccharose with glycerine and/or mannitol and/or sorbitol.

Suspensions and emulsions may contain as carrier, for example a natural gum,
agar, sodium alginate, pectin, methylcellulose, carboxymethylcellulose, or polyvinyl
alcohol. The suspensions or solutions for intramuscular injections may contain,
together with the active compound, a pharmaceutically acceptable carrier, e.g. sterile
water, olive oil, ethyl oleate, glycols, e.g. propylene glycol, and if desired, a sﬁitable
amount of lidocaine hydrochloride.

Solutions for intravenous administration or infusion may contain as carrier, for
example, sterile water or preferably they may be in the form of sterile, aqueous,
isotonic saline solutions.

A therapeutically effective amount of an agent used in the treatment of liver
disease may be administered to a patient identified as having liver disease using the
method of the invention. The dose of an agent which used in the treatment of liver
disease may be determined according to various parameters, especially according to
the substance used; the age, weight and condition of the patient to be treated; the route

of administration; and the required regimen.

21



10

15

20

25

30

WO 2008/029145 PCT/GB2007/003362

Again, a physician will be able to determine the required route of
administration and dosage for any particular patient. A typical daily dose is from
about 0.1 to 50 mg per kg of body weight, according to the activity of the specific
inhibitor, the age, weight and conditions of the individual to be treated, the type and
severity of the degeneration and the frequency and route of administration.
Preferably, daily dosage levels are from 5 mg to 2 g.

A suitable agent may be used in the manufacture of a medicament for use in a
method of treatment of liver disease in an individual, wherein the individual has been
identified as suffering from liver disease according to the method of the invention as
described above.

- Thus, a method for the treatment of liver disease in an individual may
comprise: (i) determining whether the individual is at risk of mortality using a method
of the invention as described above; and (ii) administering to an individual identified
in (i) as at risk of mortality, a therapeutically effective amount of an agent as
disclosed above.

Products containing means for predicting the outcome of liver disease in an
individual and an agent which may used in the treatment of liver as a combined
preparation for simultaneous, separate or sequential use in a method of treatment of
the human or animal body by therapy. Thus, such products may comprise both means
for diagnosis and means for therapy.

All publications and patent applications mentioned in this specification are
indicative of the level of those skilled in the art to which this invention pertains.

All publications and patent applications are herein incorporated by reference
to the same extent as if each individual publication or patent application was
specifically and individually to be incorporated by reference.

Although the foregoing invention has been described in some detail by way of
illustration and example for purposes of understanding, it will be clear to those skilled
in the art that certain changes and modifications may be practiced within the scope of

the appended claims.
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The following Examples illustrate the invention:

Examples

Example 1: Increasing dimethylarginine levels are associated with adverse

_ clinical outcome in severe alcholic hepatitis

Methods

Study Design: All patients or their relatives gave written informed consent or
assent, respectively, in accordance with the Declaration of Helsinki of the World
Medical Association, 1989, and the study was approved by the local ethics committee.
Patients were included with evidence of an acute decompensation of alcoholic liver
disease (increasing ascites, pedal oedema or progressive jaundice) with clinical and
radiological evidence of cirrhosis, and with a current history of alcohol abuse (alcohol
consumption of >80g alcohol/day for men and >60g/day for women up until the time
of admission). Patients were excluded if they were <18 or >75 years and had evidence
of: additional or another aetiology of liver disease; severe cardiac dysfunction or renal
failure (creatinine >150pumol/L); hepatic/extra-hepatic malignancy; hepatic
encephalopathy > Grade 2 (precluding informed consent), and if there was
microbiological evidence (culture of urine, blood, sputum and ascites) indicative of
infection after 72 hours of broad-spectrum antibiotic therapy.

Patients were studied at the time of transjugular liver biopsy (within days 1-3
of admission), performed to assess the severity of liver dysfunction in those with
ascites or/and coagulopathy. Patients were classified as having alcoholic hepatitis
superimposed on cirrhosis (AH+C+) on subsequent histological examination. The
histological criteria used to define AH+C+ included the presence of: hepatocyte
balloon degeneration; Mallory bodies; neutrophil infiltration and apoptotic acidophilic
bodies.'® All patients received supportive therapy including, nutrition: 2000kCal/day
with 72g protein/day; vitamin supplementation: 1 multivitamin capsule and 200mg

Thiamine per day after initial parenteral B vitamin supplementation (intra-venous
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Pabrinex three times daily for 2 days). Local protocol driven treatment was initiated
for the development of complications including, sepsis (antimicrobials after culture);
hepatorenal syndrome (terlipressin 0.5-2mg intravenously up to six times daily in
conjunction with 60g of salt poor albumin [20g/ 100ml]); organ failure (full intensive
care support including haemofiltration or/and ventilation, as indicated). Given the on-
going debate on the use of corticosteroids and anti-TNF antibody treatments in the
UK for acute alcoholic hepatitis, no patients received these therapies during the study.

Measurements: Haemodynamic studies were performed following an
overnight fast and a one hour supine resting period. Patients were sedated for the
procedure using Midazolam (mean dose of 4 mg; Pﬁoenix Pharma Ltd., Gloucester,
UK), and heart rate and non-invasive mean arterial blood pressure monitoring was
conducted throughout. A Systemic Inflammatory Response Syndrome (SIRS) score
for each patient '® was established using the criteria: temperature >38°C; a heart rate >
90 beats/minute; tachypnoea >20 breaths/minute; white blood cell count of >12 x
10°/L or<4x 109/L or the presence of more than 10% immature neutrophils,

Hepatic venous pressure gradient (HVPG): A 5Fr Berenstein occlusion
balloon catheter (Boston Scientific, Cork, Ireland) was introduced via the right
internal jugular route into the right hepatic vein under fluoroscopic screening
(Toshiba Spot Film Device Model: SA-900U; Tochigi-ken, Japan). Wedged and free
hepatic venous pressure measurements, performed in triplicate, were recorded via
pressure transducer sets (Medex Medical, Rossendale, Lancashire, UK) on a Hewlett
Packard monitor (Model 86S, HP, USA). HVPG was calculated as the difference
between wedged and free hepatic venous pressure.

Sampling and Assays: Blood was collected from an artery and hepatic vein in
pre-cooled heparinized/ EDTA coated tubes (Becton Dickenson, Drogheda, Ireland).
Routine haematology, liver biochemistry and C-reactive protein were measured in all
patients. Plasma creatinine was assessed by mass spectrometry given the difficulties
with accuracy of the Jaffe assay in cholestatic states. 2° Additional plasma samples
were separated by centrifugation and plasma stored at —80° C for subsequent analysis

of cytokines, chemokines and ADMA. Hepatic tissue acquired was either formalin
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fixed or snap-frozen in liquid nitrogen and stored at -80°C for subsequent assessment
of tissue ADMA concentration and for protein estimation of PRMT 1 and DDAH L.
Blood samples drawn from a “control” group of 12 healthy volunteers (9 male), with
no history of alcohol excess and no known past medical history, were used to
evaluate “normal” ranges for ADMA and SDMA. |

Cytokines/chemokines: TNFa, interleukin-6 (IL-6), interleukin-8 (IL-8) and
soluble TNF receptors I and IT (TNF-RI, TNF-RII) were measured using standard
comumercial assay kits (BioSource, Nivélles, Belgium) as described previously.?! The
lower limit of detection was estimated to be 5pg/ml and the intra-assay coefficient of
variation was 4.5-5.5 %. |

ADMA: Plasma ADMA was measured using fragmentation specific stable
isotope dilution electrospray tandem mass spectrometry. Samples (50ul) were de-
proteinized with acetonitrile containing *Hg-ADMA, chromatographed
(acetonitrile:water, 1:1, with 0.025% formic acid) on a Teicoplanin guard column
10mm x 2.1mm ID (Chirobiotic T, ASTEC Ltd, Congleton, UK), and analysed using
a SCIEX API4000 (Applied Biosystems, Warrington, UK) in positive ion multiple
reaction monitoring mode. The acquisition time was 2.5min with an inject-to-inject
time of <3min. Within assay imprecision for ADMA was 2.1% at a concentration of
0.37 pumol/l. Inter assay imprecision for ADMA was 7.4%, 5.8%, and 5.1% at
concentrations of 0.39, 1.15, and 3.96 umol/l, respectively. |

Tissue homogenates were prepared from snap frozen liver tissue in ice-cold
HEPES buffer (20mM, pH 7.4) containing EDTA (1mM); sucrose (250mM); valine
(60mM); protease inhibitor cocktail (at 1m1/20g tissue, containing:4-(2-
aminoethyl)benzenesulfonyl fluoride (AEBSF), pepstatinA, E-64, bestatin, leupeptin,
and aprotinin; Sigma-Aldrich Co, UK); and PMSF (3.4mg/ml). This was centrifuged
(1000g, 10min, 4°C) and the supernatant retained and measured for protein content
using the Biurret method. 22 The supernatants from these preparations were extracted
and assayed for ADMA using the method outlined above, but using 10ul of each
homogenate sample. Tissue ADMA concentrations were expressed as micromoles per

milligram of protein.
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DDAH and PRMT Western blot analysis: Biopsy specimens from the last 8
patients (4 with proven AH+C+ and 4 with alcoholic cirrhosis alone) were assessed -
for quantification of DDAH and PRMT. Homogenised frozen liver tissue was re-
suspended in 100];LL of lysis buffer (PBS, pH 6.6, containing 0.1% SDS, 0.5% sodium
deoxycholate and 1% Nonidet). After protein concentratioﬁ determination, 30ug of
protein was separated by SDS polyacrylamide gel (12%) and transferred to a
nitrocellulose membrane, which was blocked with 5% non-fat dry milk in PBS
containing 0.1% Tween for one hour. Samples were incubated overnight at 4°C with
the primary antibody (anti mouse monoclonal DDAH II antibody, raised against
amino acids 241-255- a sequence unique to human DDAH II; or anti rabbit
polyclonal PRMT-1 antibody [Abcam plc, UK], 1:1000), before washing and further
incubation wifh anti-mouse or anti-rabbit horseradish peroxidase-conjugated
secondary antibody (DDAH II and PRMT-1, respectively) at a dilution of 1:3000; The
membranes were developed with enhanced chemiluminescence substrate plus (ECL
plus, Amersham, UK). Blots were imaged and quantified using Genesnap/Gene tools
(Syngene, SLS, UK). Membranes were then stripped at 55°C and re-probed using an
a~tubulin mouse anti-human monoclonal primary antibody (Sigma-Aldrich, UK)
followed by secondary anti-mouse antibody and developed as above, in order to
quantify the expression of PRMT and DDAH by cbrrecting it for the a-tubulin
content. '

Statistical Analysis: Data are shown as median [range] or mean + standard
error of the mean (SEM). Two-tailed unpaired t-tests were used to define differences
between means of normally distributed data of equal variance, using a commercially
available package (Graph Pad Prism, version 4.0; Graph Pad Software, Inc.,
SanDiego, CA, USA). For statistical evaluation of data that was not normally
distributed, a Mann-Whitney test (Graph Pad Prism) was used. Results were
considered significant if P<0.05. Comparison between multiple groups was by
analysis of variance (ANOVA) with a Bonferroni correction for multiple
comparisons. Calculation of correlations between variables was performed using

regression analysis software; Excel 2003 (Microsoft Corporation, WA).
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Results

Patients: From a total number of 64 patients assessed over a fifteen month
period, 52 patients were included in the study, with a mean Pugh score® for the group
of 10 £ 0.3 reflecting de-compenéated cirrhosis in this cohort. This elevated index of
severity was complemented by a raised MELD score®* and the elevated mean hepatic
venous pressure gradient (HVPG) of 19 + 1 mmHg for the whole group, reflecting
advanced portal hypertension. 12 patients were excluded: 7 with concomitant viral
hepatitis, 3 with severe renal dysfunction, 1 patient with no histological evidence of
cirrhosis, and 1 patient with overwhelming sepsis. Using the standard histological
criteria defined above!® the 52 patients included in the study were then divided into
those with cirrhosis and inﬂammatién as alcoholic hepatitis [AH+C+] (n=27), and
those with alcoholic cirrhosis alone [AH- C+] (n=25), as described in the patient
characteristics table- 1. Grading of severity of necroinflammation in AH+C+ biopsies
was by application of a scoring system similar to that suggested for non-alcoholic
steatohepatitis,”, and all included patients had a moderate-severe grading agreed
upon by 2 independent histopathologists.

In addition to histological criteria, all AH+C+ patients had acute severe AH as
evidenced by a mean Maddrey discriminant function (DF) score of 46 + 6,2 and
reflected in the significantly elevated plasma bilirubin levels and prothrombin times
compared to the AH- C+ patients, as summarized in Table 1. The serum
aminotransferases were not statistically different between the groups (P=0.46). Mean
serum creatinine levels were within normal laboratory reference range for both
groups, although the mean creatinine value was higher in AH-+C+ patients compared
to AH- C+, P=0.01. Twenty of the twenty-seven AH+C+ patients had moderate to
severe ascites compared with ten of the twenty-five AH- C+ patients; P=0.008.
Twelve AH+C+ patients had > grade 2 hepatic encephalopathy compared to four out
of twenty-five AH- C+ patients; P=0.02.

Inflammatory Markers: AH+C+ patients had significantly elevated

inflammatory indices compared with AH- C+ patients as evidenced by higher plasma
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CRP (P<0.001), elevated white blood cell count (P<0.001), and Systemic
Inflammatory Response Syndrome (SIRS) scores (P<0.001). Further evidence of on-
going inflammation in the AH+C+ patients was evident from significantly greater
plasma TNFa. (P<0.01), TNF-R1 (P<0.01) and TNF-R2 (P<0.001) levels, and
elevated IL-6 (P<0.01) levels in AH+C+, compared with AH- C+ patients.

HVPG: AH+C+ patients had significantly higher mean HVPG compared to
AH- C+ patients (22 £ 1.9 vs. 15.5 £ 1.6 mmHg, P<0.01), reflecting more advanced
portal hypertension. '

Patient Outcome: There were thirteen in-patient deaths in the fifty-two
studied patients, twelve with AH+C+ and one amongst those with only cirrhosis. Of
the AH+C+ deaths, eight developed renal failure, four of whom also had concomitant
sepsis and developed multi-organ failure. Two patients died from uncontrolled GI

bleeding, whilst two other patients failed to recover from spontaneous bacterial

* peritonitis with gram negative organisms, with development of a coagulopathy and

multi-organ failure. (Table 2). Amongst the fifteen AH+C+ patients that survived and
were successfully discharged from hospital within 28 days, six had evidence of
infection during their admission, one patient with renal failure responded to
supportive therapy and two had an episode of controlled variceal bleeding. AH+C+
patients who died had no significant difference in discriminant function (P=0.3), Pugh
score (P=0.2) or MELD (P=0.6) score compared with surviving AH+C+ patients.

In the cirrhotic only (AH- C+) group, one in-patient died from renal failure
despite supportive therapy. Of the remaining 24 AH- C+ patients, who were
successfully discharged from hospital, five had an episode of infection recorded
during their admission, and there was 1 controlled variceal bleed. AH- C+ patients
had significantly lower Pugh scores (P<0.001) and MELD scores (P<0.001) than
AH+C+ survivors (n=15). '

ADMA: The mean plasma ADMA levels were higher in the 52 patients
compared to 12 healthy controls [age: 38 (31-55); 9 male]: 0.59 £+ 0.03 vs. 0.37 %
0.01pmol/L; P<0.001. Furthermore, AH+C+ patients had significantly higher ADMA

values compared to the AH- C+ group: 0.69 £ 0.04 vs. 0.49 % 0.02 pmol/L; P<0.001,
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as illustrated in Figure 1a. Hepatic tissue ADMA levels were also considerably higher
in AH+C+ patients compared to AH- C+ (97 £ 23 vs. 27 £ 13 umol/mg protein,
P<0.05), and were shown to cofrelate with portal pressure, R= 0.61, P<0.05. Plasma
ADMA levels were significantly greater in those patients that died during their
admission (n=13) compared with survivors.(n=39) (0.77 £ 0.08 vs. 0.53 +0.02
pumol/L; P<0.001); figure 1b. Further sub-analysis revealed significantly greater
ADMA levels between discharged AH+C+ patients and the non-inflamed AH- C+
patients (6.62 + 0.04 vs. 0.49 £+ 0.02 pmol/L, P<0.01). Fﬁrthermore, levels of ADMA
were higher in AH+C+ patients that died compared to AH+C+ survivors, P<0.05.
Figure 1c.

SDMA: The mean plasma SDMA level for the 52 patients although higher
was not statistically significantly greater than in controls: 0.77 + 0.08 vs. 0.46 = 0.01
pumol/L, P=0.08. However, levels of SDMA were significantly higher in AH+C+
patients compared to AH- C+ (1.03 £0.1 vs. 0.48 £ 0.03 pumol/L; P<0.001). SDMA
levels amongst AH- C+ patients were similar to healthy volunteers (P=0.67) [Figure
2a]. Levels of SDMA were significantly higher in patients that died during admission
compared with all sﬁrvivors, (1.6 £ 0.35 vs. 0.6 £ 0.05 pmol/L; P<0.001) [Figure 2b].
Further sub-analysis of AH+C+ patients demonstrated a significantly greater SDMA -
in those patients that died compared with survivors, in whom the mean SDMA was
0.8 £ 0.1 pmol/L; P<0.05 [Figure 2c]. There was also, however, a significant
difference in SDMA between AH+C+ survivors and non-inflamed AH- C+ survivors
in whom the mean SDMA level was 0.48 + 0.03; P<0.01.

Predictors of Survival: Baseline measurements (day 0-3) of ADMA and
SDMA, together with the calculated MELD, Pugh Score and Discriminant Function at
this time-point, were used to compare the predictive utility of these measures in
determining in-patient survival, by the use of area under the curve (AUC) for receiver
operator curves (ROC). The AUC for each of these predictive measures for all
patients, and a separate analysis for AH+C+ patients, is listed in table 3. In addition,
when ADMA was compared with SDMA in AH+C+ patients as shown in Figure 3,
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the cut-off value for SDMA. (<0.9) derived from its ROC, did not encompass all
deaths as predicted by using an ADMA cut-off <0.65. We therefore, used a combined
dimethylarginine score (DAS), calculated from the summation of ADMA and SDMA
[DAS= ADMA + SDMA], to try and improve the predictive utility of an individual
dimethylarginine level in determining survival. The calculated DAS was significantly
higher in AH+C+ patients compared with AH- C+ (1.9 £ 0.2 vs. 0.96 + 0.04;
P<0.001) Furthermore, the DAS value was significantly higher in non-surviving
AH+C+ patients compared to survivors, 2.5 £ 0.38 vs. 1.4 + 0.16; P<0.01. Indeed,
the DAS value improved the specificity, whilst maintaining a high sensitivity of
predicting outcome in all patients, and appeared at least as good in determining
outcome as the Pugh score, DF or MELD, Table 3. Repeat dimethylarginine
measurements from blood taken during admission in the 12 AH+C+ patients that died
compared with 18 survivors (6 AH- C+) in whom repeat blood samples were
available, revealed a significant percentage increase in DAS in those patents that died
compared with survivors (P<0.01). Figure 4. A Kaplan-Meier plot for all studied
patients is shown in figure 5, and shows the significant decrease in in-hospital
survival in those patients with an admission DAS value > 1.23, with a log rank of
P<0.001. Furthermore, a DAS cut-off of 1.52 appeared to be a more useful predictor
than all other scoring systems when evaluating survival in AH+C+ patients, as shown
in figure 6. |

DDAH IT and PRMT-1 expression: Hepatic DDAH II expression (corrected
for a-tubulin expression) was significantly lower (P<0.01) in the 4 AH+C+ patients in
whom it was measured, as compared with 4 AH- C+ patients. In contrast, the
expression of PRMT-1 was significantly increased in the livers’ of AH+C+ patients
(P<0.01) as shown in figure 7. PRMT-1 data for 7 patients is shown due to limited

homogenate extracted from 1 AH- C+ patient to allow adequate gel loading.

Discussion
The results of this study show that patients with alcoholic cirrhosis with

superimposed inflammation (AH+C+) proven histologically, and with elevated pro-
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inflammatory cytokines and SIRS components, have higher hepatic venous pressure
gradients compared to patients with only cirthosis (AH- C+). We extend previous
observations of increased free circulating ADMA in decompensated cirrhosis®’ with

the new additional finding of increased plasma and hepatic tissue ADMA in

inflammatory AH+C+ patients compared to AH- C+, and demonstrate an association
between increased ADMA and elevated portal pressure. Furthermore, our results
demonstrate significantly lower ADMA and SDMA levels in sufvivors of
decompensated cirrhosis, with SDMA also discriminating between survivors and non-
survivors in the sub-group of inflammatory AH+C+ patients, in whom death is
associated primarily with renal failure. When current validated scoring systems
(Child-Pugh, DF and MELD) used to determine early outcome (in-patient mortality)
or need for intervention in alcoholic hepatitis were applied to our cohort of patients,
their predictive utility was limited. Circulating levels of ADMA, SDMA or the sum of
these dimethylarginines (DAS) predicted those patients that were at risk of dying.

Our results confirm previous reports that AH+C+ patients have significantly elevated
plasma levels of TNFa, TNF -RI and RII compared with AH- C+ patients®!.
Inflammation, modulated through TNFa, is believed to be important in alcohol

2829 and its inthibition in animal models of alcoholic injury,

induced liver injury
significantly attenuates hepatic inflammation. ** Furthermore, recent animal model
data also suggests that additional inflammation may be important in the increased
intrahepatic resistance in cirrhosis, giving rise to elevated portal pressure. > Thus,
portal pressure in portal hypertensive animals and humans is reduced by interventions

31,3
»32 and

directed at mediators of inflammation such as treatment with thalidomide
TNFo monoclonal antibodies® Our recent observation of a marked reduction in portal
pressure in patients with cirrhosis who had superimposed alcoholic hepatitis, treated
with an anti-TNFo monoclonal antibody, may support the hypothesis of a relationship
between inflammation and factors modulating intravascular tone.>

There is general agreement in the literature that increased intrahepatic
resistance in cirrhosis is contributed to by reduced local NO availability, secondary to

decreased hepatic eNOS activity.>® ADMA is a competitive, endogenous inhibitor of
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eNOS produced during proteolysis,’ and it has been suggested that the liver is an
important site of ADMA metabolism.'® Elevated ADMA has been shown to be

3436 whilst increased

associated with endothelial dysfunction in numerous conditions,
urinary excretion of ADMA has been described in patients with chronic active
hepatitis.’” Recently, ADMA was found to be elevated in end-stage cirrhotics
compared to healthy controls *’and in liver failure patients prior to orthotopic liver
transplantation, the levels falling significantly, post transplantation.ls These studies
imply that with progression of liver disease and portal hypertension, ADMA rises, and
that after liver transplantation there is a rapid decline, suggesting a correction of the
derangement in ADMA metabolism associated with a reduction in inflammatory
indices, docﬁmented post transplantation.’ % In this study, we demonstrate significantly
increased plasma and hepatic tissue levels of ADMA in AH+C+ patients with
superimposed hepatic inflammation, compared to AH- C+ patients. The effects of
inflammation appear to be above and beyond those expected for alcoholic cirrhosis
alone '*. This data would support a hypothesis that following an increase in hepatic
inflammatory mediators, there is an alteration in hepatic ADMA metabolism or/and
generation.

ADMA homeostasis is maintained by its metabolism through the enzyme
DDAH, which is particularly abundant in the liver and kidney.'>* DDAH activity
has been shown to be reduced by inflammatory stimuli such as TNFo..!” It follows
that when levels of TNFa are markedly inc;eased, as seen in AH+C+ patients, one
might expect higher liver ADMA levels through impaired metabolism, and that this in
turn may decrease local hepatic NOS activity. This assertion is supported in part by
the observation of increased hepatic tissue ADMA coupled with decreased liver
DDAH II protein expression (the most abundant subtype of DDAH found in the liver)
in AH+C+ patients in this study, in whom HVPG was significantly increased.

An alternative explanation for our observation of increased ADMA in AH+C+
patients, is through increased ADMA production. ADMA is generated by the action
of PRMTs, a family of .enzymes that methylate the side-chain nitrogen of arginine

within proteins.*® Several types of PRMT have been described with Type I being
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responsible for the generation of N®-monomethyl-L-arginine (L-NMMA) and
ADMA, and Type II, L-NMMA and symmetric dimethylarginine (SDMA). Upon
proteolysis, which is increased in hyper metabolic states such as cirrhosis and
inflammation, *! significant amounts of ADMA are generated*. The rate of ADMA
and SDMA generation is thus likely to be dependent on the presence and activity of
PRMTs and the rate of protein breakdown. In keeping with this, we observed an
increase in expression of PRMT-1 in AH+C+ patients in.whom there is increased
inflammation, compared to AH- C+ patients. This observation is further supported by
data from studies on human endothelial cells exposed to oxidised LDL~cholesterol, in
which up-regulated ADMA release is associated with increased PRMT expression .

Although our study was neither powered nor aimed to look at the role of the
dimethylarginines in determining survival, one of the most important findings to
emerge from this study was the association of elevated ADMA and SDMA levels
with in-hospital mortality in the whole group of alcoholic cirrhotic patients (25%) and
specifically, in AH+C+ patients, in whom the mortality was 44%, in keeping with
previous published series. *** Current scoring systems predicting outcome in
alcoholic hepatitis are centred on biochemical (bilirubin, prothrombin time and
creatinine) and clinical variables (degree of ascites and encephalopathy) and do not
specifically factor in the significant changés in pro-inflammatory state or marked
haemodynamic changes that are associated with this condition. 26447

In this study we identify the potential use of dimethylarginine levels as
measurable biological markers (with minimal inter-assay variability), that may predict
early in-patient mortality with a better sensitivity (73%) and specificity (83%) than
currently used prognostic scores. Our data also suggests a further temporal increase in
dimethylarginine levels in those with poor outcome but firm conclusions on the
discriminatory value of repeated measurements are limited by the small number of
patients studied. It is possible that ADMA levels partly reflect the inflammatory state
in AH in which vascular dysfunction occurs, including within the renal circulatory
bed.* Increasing ADMA has been associated with a decreased effective renal plasma

flow and increased renovascular resistance, 49 which would lead to increased retention
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of SDMA. Indeed, SDMA has recently been shown to be elevated in hepatorenal
syndrome patients compared to patients with cirrhosis without renal failure. VA
combined dimethylarginine (DAS) score thus factors in both inflammation and
incipient renal dysfunction (the main cause of mortality in our AH+C+ patient cohort)
and might explain the better predictive utility of this score identified in our study.

In conclusion, we observed that AH+C+ patients have a more marked
elevétion in HVPG, which is associated with an increase in plasma and hepatic tissue
ADMA. The increased ADMA in AH+C+ patients may result from both decreased
breakdown (decreased hepatic DDAH) or/and increased production (increased PRMT
expression and/or proteolysis). Elevated dimethylarginine levels may be an important
biological marker of deleterious outcome in alcoholic hepatitis but further studies in

appropriate models are required to determine if ADMA is causally involved.

Example 2: Patients who die of alcoholic liver disease have a significantly

increased IMA: albumin ratio

Methods

Method of assessment for an IMA:albumin ratio: Abbott Aeroset
Bromocresol Purple (BCP) test is used for the measurement bf serum albumin (Duly
et al; J Clin Pathol 2003). The conéentration of ischemia modified serum albumin can

be determined by the addition of a known amount of Co(II ) to a serum specimen and

" measurement of the unbound Co(II) by a colorimetric assay using dithiothreitol

(DTT) (Bhagavan, NV; Clin Chem 2003 and Bar-Or D; Eur J Biochem 2001). An
inverse relationship thus exists between the amount of albumin bound cobalt and the
intensity of the colour formation. In brief: All reactions are carried out in 1.5ml
Eppendorfs at room temperature. 200 pL of patient serum is added to 50 uL of a
solution of 1g/L of cobalt chloride, followed by vigorous mixing, and a 10 minute
incubation. DTT (50 pL of a 1.5g/L solution) is then added and mixed. After a 2-min
incubation, 1.0 mL of a 9.0 g/L solution of NaCl is added. The absorbance of assay
mixtures is read at 470 nm with a Hewlett Packard 8452A Diode Array
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Spectrophotometer. A reference sample is prepared similarly with the exclusion of
DTT. All chemicals, including cobalt chloride and DTT, purchased from Sigma-
Aldrich.

Results

Development of a new biomarker: “DASIMAR”: Given the varying levels of
albumin in liver patients determined partly by nutrition and largely by residual liver
synthetic function, we have modified the application of the albumin-cobalt binding
assay to factor in a ratio of IMA to native albumin in the serum- a serum
IMA :albumin ratio, or “IMAR?”. Data in a series of 52 decompensated patients with
alcoholic liver disease suggest that patients who die have a significantly increased
IMA:albumin ratio (P<0.01). Furthermore, as with the DAS value, there is a
suggestion that IMAR may reflect inflammatory status and there-by the underlying
pathological evolution of the disease. Using receiver opérator curves to predict
mortality, the area under the curve was found to be 0.73 (20.06) for the cohort
studied, suggesting that IMAR may be a useful predictive test of mortality in these

patients.

Discussion

Despite both DAS and IMAR being suggestive of markers for disease
progression and outcome, we found that combining a Dimethylarginine Score (DAS —
see Example 1) with IMAR as a combined biomarker, improved the predictive utility
of poor outcome, with an AUROC of 0.91 ((£0.04) with 95% confidence intervals of
0.81-0.99, and a sensitivity of 74% and specificity of 92%. This provides an excellent
predictive utility to assess mortality risk. (Figures 9 and 10), whilst also reflecting
worsening organ failure and inflammation, elements of the pathophysiology of liver
failure, that may be targeted by specific interventions such as albumin dialysis and
therapies to reduce inflammation. DASIMAR could thus potentially also be used to

monitor response to intervention.
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Example 3: IMAR, DAS and DASIMAR to predict survival in a rodent liver

failure model

Rats were treated with an agent known to cause liver injury, galactosamine
(Sigma, Poole UK), by intra-peritoneal injection (IP) at 1g/kg (n=22) followed 24
hours later by a further challenge in a subgroup with lipopolysaccharide (LPS —
Klebsiella pneumonia, n=11) to simulate additional infection/inflammation
administered IP at Img/kg. Blood samples were then obtained immediately prior to
death. ‘ '

Those animals receiving the challenge at 24 hours all incurred mortality by 6
hours, as compared to rats receiving galactosamine alone or sham animals which
received a similar dose of LPS.

Measures of ADMA, SDMA, and IMAR were taken using the same methods
described in the previous Examples. As with the data from human patients, it was
seen that DASIMAR is a much better predictor of mortality (AUROC of 0.96) than
DAS or IMAR alone (see Figure 11). Indeed, in this model, DASIMAR has a high
sensitivity (96%) and specificity (91%) in predicting outcome, highlighting the effect
of combining DAS and IMAR components and emphasising the utility of this score in

different models of liver disease and in the context of sepsis.

AUROC Standard error of Sensitivity Specificity
0

mean % Yo
DASIMAR 0.96 0.03 96 91
DAS 0.92 0.05 89 82
IMAR 0.82 0.07 73 91

36



WO 2008/029145

PCT/GB2007/003362

Table 1: Baseline characteristics for all patients studied and their sub-
classification into patients with alcoholic hepatitis (AH+C+) and cirrhosis with
no inflammation (AH-C+)

All Patients Alcoholic Hepatitis | Cirrhosis Only
(n=52) (AH+C+, n=27) (AH- C+, n=25)
Age (years) 50 [32-69] 47 [32-69] ns | 51[38-67]
Bilirubin (wmol/L) | 169 £ 26 291 £38 . **Ek | 5613
[3-17]
Prothrombin (secs) 15.6 £0.7 181 - ¥ 113.4£0.6
[10-12]
ALT (U/L)|55+9 60£15 ns [47£9
[8-50]
Creatinine (umolL) | 76.5£9.7 92.5+11 * 159.8+£5
[66-112]
Pugh Score 10£0.3 11.5+£0.3 **% 184204
MELD Score 74+1.7 15£23 ***% 1026114
HVPG (mmHg) | 191 22+19 ** 1155+1.6
[<5]
CRP (mg/L) | 33.5£6.5 507 *Ek | 17%3
[0-5]
WBC (x10°/L) | 102+ 1.4 143+1.6 #¥% | 64+0.5
[3-10]
SIRS 0902 . 1.6+04 **% 10.3£0.1
[9] ‘
TNFa (pg/ml) | 21 £11 46 £ 20%* 4+0.5
[0-5]
TNFR1 (ng/ml) | 726 =76 88593 ** 1455+ 74
[0-1.6]
TNFR2 (ng/ml) | 1237 + 141 1798 + 128 **% 1759 + 136
[0-3.5]
IL-6 (pg/ml) | 29.5+9.6 557+19 ¥ 193+2
[0-5]

37




WO 2008/029145

PCT/GB2007/003362

Table 2: Outcome characteristics amongst studied patients

Alcoholic hepatitis | Alcoholic hepatitis | Cirrhosis Only

Deaths (n=12) Discharged (n=15) | Discharged (n=24)
Renal Failare 8 11 0
Gastrointestinal | 2 2 1
Bleed
Infection 6 (2 with SBP) 6 5
Pugh score 11.9+ 0.5 11.1+ 04 - 8.4+ 0.4 HF¥*
MELD 16.2+ 3.9 142+ 3.1 0.7+ 1.7 ***
Discriminant 534 13 41+ 6 -
Function

*#% P<0.001 : Alcoholic Cirrhosis compared with Alcoholic hepatitis patients
discharged from hospital
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Table 3: Comparison of prognostic scores with dimethylarginine levels to
predict outcome in all studied alcoholic cirrhosis patients and in a subgroup with

alcoholic hepatitis using receiver operator curves

Scoring system/ | Cut-off value | AUROC Cut-off value | AUROC
Dimethylarginine | (%Sensitivity; (Y% Sensitivity;
level Specificity ) Specificity)
Pugh 10.5 (63; 75) 0.81£0.07 11.5 (60; 64) 0.65+0.11
DF 36 (76;73) 0.78 + 0.08 39 (53;70) 0.55+0.13
MELD 10.3 (74;73) |0.76 £0.08 18.9 (60; 40) 0.53+£0.12
ADMA 0.57 (74, 775 0.83 £ 0.06 0.65 (73; 75) 0.74 = 0.09
SDMA 0.7 (77, 85) 0.87 £0.06 0.89 (73; 67) 0.82 £ 0.08
DAS 1.23 (77; 92) 0.9 +0.05 1.52 (73; 83) 0.85+0.07
All Patients Alcoholic Hepatitis
(AH+CH)

DAS (Dimethylarginine Score) = Sum of ADMA and SDMA

AUROC (area under the curve) + SEM
Sensitivity and specificity, respectively, at each Cut-off value is specified in

parenthesis
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CLAIMS

1. A method for assessing liver function in an individual, which method
comprises determining the level of one or more methylarginines and the ratio of
ischemia modified albumin (IMA): albumin (IMAR) in the individual, thereby to

assess liver function in the individual.

2. A method according to claim 1, wherein the method is for monitoring
progression of liver disease in the individual, predicting the outcome of liver disease
in the individual, assessing liver function in post-liver transplantation, assessing liver
function in reperfusion injury in a graft post-liver transplantation or assessing liver

function in patients who develop multi-organ failure and/or sepsis.

3. A method according to claim 1 or 2, wherein the methylarginines are

asymmetric dimethylarginine (ADMA) and/or symmetric dimethylarginine (SDMA).

4. A method according to claim 3, wherein the combined level of ADMA and
SDMA is determined.
5. A method according to any one of the preceding claims, wherein the

individual is suffering from liver failure.

6. A method according claim 5, wherein the individual is suffering from chronic

liver failure, acute-on-chronic liver failure or acute liver failure.

7. A method according to any one of the preceding claims, wherein the

individual is suffering from alcoholic liver disease.

8. A method according to claim 7, wherein the individual is suffering from

cirrhosis or cirrhosis and/or alcoholic hepatitis.

9. A method according to any one of the preceding claims, wherein an elevated

level of methylarginine(s), as compared with the level of the methylarginine(s) in an
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individual not suffering from liver disease or in an individual who is a survivor of

liver disease, is indicative of an increased risk of mortality in the individual.

10. A method according to claim 9, wherein an increase in the combined level of
ADMA and SDMA, as compared with the combined level of ADMA and SDMA in
an individual not suffering from liver disease or in an individual who is a survivor of

liver disease, is indicative of an increased risk of mortality in the individual.

11. A method according to any one of the preceding claims, wherein an increase
in IMAR, as compared with IMAR in an individual not suffering from liver disease
or in an individual who is a survivor of liver disease, is indicative of an increased risk

of mortalify in the individual.

12. A method according to any one of claims 9 to 11, wherein an increase in the
combined level of ADMA and SDMA and an increase in IMAR, as compared to an
individual not suffering from liver disease or in an individual who is a survivor of

liver disease, is indicative of an increased risk of mortality in the individual.

13. A method according to any one of the preceding claims, one or more

additional liver disease prognostic scores are determined.

14. A method according to claim 13, wherein the one or more additional liver
disease prognostic scores is one or more of the Child-Pugh scoring system, West
Haven Criteria, Glasgow Coma Scale, modified Child-Pugh scoring system, SOFA,
MELD or APACHE II. '

15. A method according to any one of the preceding claims, wherein the method

is carried out on a sample from the individual.

16. A method according to claim 15, wherein the sample is a plasma sample or a

hepatic tissue sample.
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17. A test kit suitable for use in a method for assessing liver function in an
individual, which test kit comprises means for determining the level of one or more
methylarginines and the ratio of ischemia modified albumin (IMA): albumin ratio

(IMAR) in the individual.

18.  Use of an agent in the manufacture of a medicament for use in a method of

treatment of liver disease in an individual, wherein the individual has been identified

as having an increased risk of mortality according to the method of any one of claims

1to 16._

19. A method for the treatment of liver diseasé in an individual, which method
comprises:

@) determining whether the individual has an increased risk of death
using a method according to any one of claims 1 to 16; and .

(i)  administering to a individual identified in (i) as at risk of death, a

therapeutically effective amount of an agent useful in the treatment of liver disease.

20.  Products containing:

@) means for determining the level of one or more methylarginines and
the ratio of ischemia modified albumin (IMA): albumin (IMAR) in the individual;
and

(ii)  anagent which is useful in the treatment of liver disease,
as a combined preparation for simultaneous, separate or sequential use in a

method of treatment of the human or animal body by therapy.
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