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FIGURE 1

(57) Abstract: Diagnostic biomarker panel, method, kit, and
device for diagnosing the severity and/or prognosis of cir-
rhosis are provided. More specifically, the invention
provides a novel biomarker panel correlating to HVPG and
esophageal varices. The invention further provides a bio-
marker panel and non-invasive test methods that predict
non-clinically significant portal hypertension HVPG and
non-clinically signiticant esophageal varices when the ex-
pression of the biomarker panel correlates with HVPG of
less than 12 mmHg. The invention turther provides that the
patients with the expression of the biomarker panel correlat-
ing to non-clinically significant HVPG and esophageal
varices can be excluded from undergoing esophago-
gastroduodenoscopy (EGD) screening and those correlating
to HVPG equal to or greater than 12mmHg are indicated for
EGD.
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BIOMARKER COMPOSITE TEST FOR HEPATIC VEIN PRESSURE GRADIENT
AND CIRRHOSIS TREATMENT

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This patent application claims priority benefit of U.S. Provisional
Application No. 61/826,140 filed on May 22, 2013, which is incorporated herein by

reference in its entirety.

STATEMENT OF GOVERNMENT INTEREST

[0002] This invention was made with government support under grant Nos.
DKO038652 and DKO046071 awarded by National Institutes of Health (NIH). The

government has certain rights in the invention.
FIELD OF THE INVENTION

[0003] The invention relates generally to the field of diagnosis and prognosis of
cirrhosis and its associated complications. More specifically, the invention relates to a
composite of biomarkers correlating to the hepatic vein pressure gradient (HVPG),
wherein such biomarkers can also exclude or indicate the presence of clinically significant

esophageal varices.

BACKGROUND OF THE INVENTION

[0004] The majority of patients who succumb to cirrhosis die due to complications
of increased portal venous pressure, such as variceal hemorrhage, ascites, hepatic
encephalopathy, hepatopulmonary syndrome, or hepatorenal syndrome (1; 2). The hepatic
vein pressure gradient (HVPG), an indirect measure of portal pressure (3), is a prognostic
indicator for long term survival in cirrhosis (1; 2). Furthermore, the HVPG can reflect
progression of disease in the pre-cirrhotic stage. There is an association between the
severity of the hepatic inflammation and fibrosis and the HVPG even before cirrhosis
develops (4). In addition, HVPG predicts the response to hepatitis C treatment among

patients with cirrhosis (5).

[0005] One of the most frequent severe complications of portal hypertension is

hemorrhage from gastroesophageal varices (GEV), which is a significant cause of death in
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patients with cirrhosis. Reduction of the HVPG below 12 mm Hg (normal is 0-5 mm Hg),
either through spontaneous reversion after the insult is resolved or with medical,
radiological, or surgical interventions, effectively prevents recurrent bleeding (3; 6; 7; 8).
Currently, there is no established non-invasive test to predict the portal pressure among
patients who are treated medically, and thus, there is no way to predict either the response
to standard of care (SOC) or the complications of portal hypertension (including
potentially  lethal esophageal bleeding) other than performing screening
esophagogastroduodenoscopy (EGD) with the added costs and morbidity of the procedure.
Although transient elastography has a very good predictive value for clinically-significant
portal hypertension, there are some limitations of this technique in patients with chronic

liver diseases and with obesity (9).

[0006] The ability to predict portal pressure with a simple blood test would
revolutionize clinical management of patients with chronic liver diseases, as well as aid in
the design and performance of clinical research into the complications of cirrhosis (1; 2).
Given that liver inflammation due to liver injury and/or bacterial translocation occurs in
liver cirrhosis with portal hypertension (10; 11; 12; 13; 14; 15), it would be desirable to
develop a non-invasive test to predict the presence of severe portal hypertension at levels
associated with the presence of variceal bleeding (2), as well as to exclude clinically
significant esophageal varices so as to avoid and/or prevent the cirrhosis patients from

undergoing unnecessary EGD screening.
SUMMARY OF THE INVENTION

[0007] This invention provides a non-invasive test and method to predict portal
pressure in cirrhotic patients, which is a critical predictor of complications associated with
the presence of variceal bleeding and ascites. More specifically, the invention provides a
novel biomarker panel and assay that can be used to develop a predictive paradigm for
hepatic vein pressure gradient (HVPG), the prognostic indicator for long term survival in
cirrhosis, as well as esophageal varices reflecting progression of disease stage. 'The
invention, therefore, provides methods of treating cirrhosis based on composite biomarker
determination of probable HVPG and indications of whether or not to perform EGD

screening.
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[0008] In certain embodiments, the invention provides a biomarker panel
correlating with hepatic vein pressure gradient (HVPG) measurement of portal pressure, as
well as esophageal varices, as indicators for an immediate EGD procedure and long term
survival in and/or prognosis of cirrhosis. The novel biomarker panel comprises two or
more isolated reagents capable of detecting inflammatory biomarkers, including but not
limited to: IL-1B, IL-1Ra, Fas-R, VCAM-1, TNF-B, and HSP-70, as well as biomarkers
including but not limited to I1.-18, toll-like receptor, such as TLR9, lymphotoxin-f,
glutamine and glutamine synthase, and other heat shock proteins, such as, HSP-27, HSP-
60, HSP-110, and grp170, and hyaluronan, homeocysteine, and angiotensin-II. In certain
embodiments, the invention provides that at least two, at least three, at least four, at least
five, and at least six of these biomarkers are combined in a composite panel to show

significant correlation with HVPG as an indicator for the treatment of cirrhosis.

[0009] In other embodiments, the invention provides that presence or expression of
at least six specific inflammatory biomarkers are selected including IL-1f, IL-1Rq, Fas-R,
VCAM-1, TNF-B, and HSP-70 that correlate with HVPG measurements, as well as
esophageal varices. In certain embodiments, the invention provides that the presence or
expression of these inflammatory biomarkers correlate with HVPG of less than 12 mmHg
suggest non-clinically significant HVPG, as well as non-clinically significant esophageal
varices (< 5 mm) and no indication for an EGD procedure. The detection of the
significant correlations between the six inflammatory biomarkers: IL-1B, IL-1Ra, Fas-R,
VCAM-1, TNF-B, and HSP-70 provides at least 86% accuracy excluding HVPG equal to

or greater than 12 mmHg.

[0010] In other embodiments, the invention provides that the presence or
expression of these inflammatory biomarkers correlating with HVPG of equal to or greater
than 12 mmHg correlates with clinically significant HVPG, as well as clinically significant
esophageal varices (> Smm). Patients with expression of these inflammatory biomarkers
correlating with HVPG of equal to or greater than 12 mmHg are indicated for undergoing

esophagogastroduodenoscopy (EGD) screening.

[0011] The invention further provides that the non-invasive biomarker test
correlates to and can be used in conjunction with established demographic and clinical

laboratory parameters associated with liver diseases and/or cirrhosis, including but not
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limited to, age, model for end-stage liver diseases (MELD), Child-Pugh Score (CPS),
platelets, alanine aminotranserase (ALT), aspartate aminotransferase (AST), and at-risk

alcohol use.

[0012] The invention further provides a method for predicting HVPG and
esophageal varices as a prognostic indicator for a cirrhosis patient, comprising: a)
obtaining a biological sample of a patient, b)detecting expression levels of two or more
inflammatory biomarkers in the sample, including but not limited to, IL-1f, IL-1Ra, Fas-
R, VCAM-1, TNF-B, and HSP-70, ¢) correlating the expression levels of said biomarker
panel with a threshold HVPG measurement, and d) diagnosing said patient with non-
clinically significant HVPG and esophageal varices, when the presence or the expression
levels of said biomarker panel correlates to HVPG of less than 12 mmHg. In certain
embodiments, the biological sample refers to a biological fluid selected from the group
consisting of whole blood, plasma, serum, or specific serum bacterial DNA. The inventive
method of treating cirrhosis and detecting the biomarkers correlating to HVPG and
esophageal varices can be used in conjunction with demographic and clinical laboratory

parameters discussed above.

[0013] A kit and/or a device for diagnosing, prognosing, and predicting HVPG and
esophageal varices as an indicator for treatment of cirrhosis is also provided. The kit
comprises: a) a detection system comprising one or more detectors and reagents specific
for detecting a presence or an expression levels of a biomarker panel comprising two or
more biomarkers, including but not limited to, IL-1B, IL-1Ra, Fas-R, VCAM-1, TNF-f,
and HSP-70, in a biological sample of said cirrhosis patient, and b) instructions for using
the kit for predicting the patient with non-clinically significant HVPG or esophageal
varices, when the presence or expression of said biomarker panel correlates with HVPG

equal to, greater than, or less than 12 mmHg threshold.
BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Figure 1 illustrates ROC Curve for the Composite Test. An ROC curve was
produced for the composite (area 0.767+/- 0.057; asymptotic sigma P< 0.0001; 95% CI
0.656 to 0.879). A scatter plot was drawn and a cut-point (CAT12; arrow) selected where
probability of HVPG equal or >12 based on a natural break in the scatter plot. CAT12

groups were compared to actual HVPG <12. The composite test was statistically
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significant using several Chi-Square tests (Pearson Chi-Square P=0.017; Fisher’s Exact

Test P=0.025; Likelihood Ratio P=0.013; Linear-by-Linear Association P=0.018).

DETAILED DESCRIPTION OF THE INVENTION

[0015] The invention provides a biomarker assay for correlating patient hepatic
vein pressure gradient (HVPG) to treat cirrhosis, comprising: combining a biological
sample from a patient with a biomarker panel detecting a corresponding two or more
biomarkers in the sample selected from the group consisting of IL-1f, IL-1Ra, Fas-R,
VCAM-1, TNF-B, HSP-70, IL-18, TLR9, lymphotoxin-B, glutamine, glutamine synthase,
HSP-27, HSP-60, HSP-110, grp170, hyaluronan, homeocysteine, and angiotensin-II. The
assay further comprises detecting the expression levels of the two or more biomarkers;
correlating the levels of the two or more biomarkers with a threshold HVPG, and
indicating esophagogastricduodenoscopy (EGD) for the patient when the biomarker
expression levels correlate to HVPG equal to or greater than 12 mmHg, or indicating no
EGD for the patient when the biomarker expression levels correlate to HVPG less than 12

mmHg.

[0016] The invention provides an assay, wherein said biological sample is a
biological fluid selected from the group consisting of whole blood, plasma, serum, or

specific serum bacterial DNA.

[0017] The invention provides an assay, wherein said biomarker panel comprises
detecting at least six biomarkers selected from the group consisting of IL-1f, IL-1Ra., Fas-

R, VCAM-1, TNF-B and HSP-70.

[0018] As used herein, a “biomarker panel” refers to a composite set of selected
relevant biomarkers, which can be identified by one or more well-known or later
developed reagents or assays, and be performed using one or more separate containers or
substrates, including but not limited to reagents involving multiplex peptide magnetic
bead-based detection systems, nucleic acid hybridization, and enzyme-linked
immunoassays, and proteomics techniques such as two-dimensional gel electrophoresis

and mass spectrometry.

[0019] Various mathematical approaches for correlating biomarker panel results

with a clinical diagnosis, prognosis or indication for further treatment, are well-known in
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the art. Certain methods of correlating the data are presented in the examples
herein. Furthermore, biomarker panels can rely on statistical analysis known as
multivariate classification or supervised learning. Exemplary methods, such as a
Pearson’s correlation coefficient, multiple linear regression analysis, threshold-based
methods, logistic regression analysis, tree-based methods, and Support Vector Machine
(SVM), can be applied to correlate biomarker panels with a clinical diagnosis, prognosis
or indication for further treatment. Generalized additive models also allow one to
combine data with patient clinical information to predict an outcome. Furthermore,
several other methods, e.g., a Bayesian network on gene expression microarray data,
perform well in proteomics based biomarker detection. Additional well-known data pre-
processing and data normalization steps can be implemented. Additional computational
methods and randomization techniques, such as a permutation test, cross-validation and
bootstrapping, can help to evaluate and validate the performance and correlation. A more
detailed discussion of methods for defining, classifying and performance validation of a
biomarker panel are described in Robin et al., 2009, Expert Review of Proteomics 6 (6) p.

675-689, the entire contents of which is incorporated by reference herein.

[0020] In one aspect, the invention provides an assay, wherein said assay is further
correlated with demographic and clinical laboratory parameters selected from the group
consisting of age, model for end-stage liver diseases (MELD), Child-Pugh Score (CPS),
platelets, alanine aminotranserase (ALT), aspartate aminotransferase (AST), and at-risk

alcohol use for indicating EGD to the patient, or not indicating EGD for the patient.

[0021] The invention provides an assay, wherein the correlating with HVPG
provides at least 86% accuracy excluding HVPG equal to or greater than 12 mmHg.

[0022] The invention provides a biomarker panel, wherein the biomarker panel
further correlates to HVPG< vs HVPG=/> 12mmHg as follows: IL-1B (5.9+/- 1.2 vs
22.94/- 1.2 pg/ml), IL-1R (53.1 +/- 12.0 vs 158.2 +/- 101.3 pg/ml), Fas-R (8.7 +/- 0.2 vs
9.3 +/- 0.5 ng/ml), VCAM-1 (1.14+/-0.09 vs 1.4 +/- 0.01; ng/ml) , TNF-B ( 0.4 +/- 0.04 vs
0.6 +/- 0.06 ng/ml) and HSP-70 (42.6 +/- 1.2 vs 81.9 +/- 15.3 ng/ml).

[0023] The invention provides a method of correlating an inflammatory biomarker
panel to hepatic vein pressure gradient (HVPG), comprising: correlating expression levels

of two or more biomarkers from a biological sample of a patient with an HVPG
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measurement, wherein the biomarkers are selected from IL-1f, IL-1Ra, Fas-R, VCAM-1,
TNF-B, HSP-70, IL-18, TLRY, lymphotoxin-f3, glutamine, glutamine synthase, HSP-27,
HSP-60, HSP-110, grp170, hyaluronan, homeocysteine, and angiotensin-IIl. The method
further comprises performing esophagogastricduodenoscopy (EGD) on the patient when

the expression levels correlate to an HVPG of greater than or equal to 12 mmHg.

[0024] The invention provides a method, wherein said biological sample is a
biological fluid selected from the group consisting of whole blood, plasma, serum, or
specific serum bacterial DNA. The invention provides a method, wherein said biomarker
panel detects six biomarkers selected from the group consisting of IL-1, IL-1Ra, Fas-R,

VCAM-1, TNF-B and HSP-70.

[0025] The invention provides a method, wherein said assay is further correlated
with demographic and clinical laboratory parameters selected from the group consisting of
age, model for end-stage liver diseases (MELD), Child-Pugh Score (CPS), platelets,
alanine aminotranserase (ALT), aspartate aminotransferase (AST), and at-risk alcohol use

for indicating EGD to the patient or not indicating EGD for the patient.

[0026] The invention provides a non-invasive test to predict the presence severe
portal hypertension at levels associated with the presence variceal bleeding and ascites.
The invention provides a method, wherein a patient with non-clinically significant HVPG

and esophageal varices is excluded from undergoing standard of care EGD.

[0027] The invention provides a kit for predicting HVPG and esophageal varices
as a prognostic indicator for long term survival of a cirrhosis patient, comprising: a
detection system comprising one or more reagents specific for detecting expression levels
of a biomarker panel comprising two or more biomarkers selected from IL-18 (5.9+/- 1.2
vs 22.9+/- 1.2 pg/ml), IL-1R (53.1 +/- 12.0 vs 158.2 +/- 101.3 pg/ml), Fas-R (8.7 +/- 0.2
vs 9.3 +/- 0.5 ng/ml), VCAM-1 (1.1+/-0.09 vs 1.4 +/- 0.01; ng/ml) , TNF-B ( 0.4 +/- 0.04
vs 0.6 +/- 0.06 ng/ml) and HSP-70 (42.6 +/- 1.2 vs 81.9 +/- 15.3 ng/ml) in a biological
sample of said cirrhosis patient. The kit further includes instructions for using the kit for
predicting the patient with non-clinically significant HVPG or esophageal varices, when
the expression of said biomarker panel correlates with HVPG less than 12 mmHg

threshold.
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[0028] This invention provides a novel biomarker panel and non-invasive
diagnostic test to measure hepatic vein pressure gradient (HVPG) and predict portal
pressure and esophageal varices in cirrhotic patients by detecting and correlating a
presence or expressions of the biomarker panel comprising one or more biomarkers with
HVPG measurements, as well as clinically significant esophageal varices. In certain
embodiments, the inventive biomarker panel comprises two or more specific inflammatory
biomarkers including, but not limited to, IL-1B, IL-1Ra, Fas-R, VCAM-1, TNF-B, and
HSP-70, as well as their related biomarkers, including but not limited to I1.-18, toll-like
receptor, such as TLR9, lymphotoxin-f3, glutamine and glutamine synthase, and other heat
shock proteins, such as, HSP-27, HSP-60, HSP-110, and grp170, and hyaluronan,
homeocysteine, and angiotensin-II. In certain embodiments, the invention provides that a
presence or expressions of at least two, at least three, at least four, at least five, and/or at
least six of these biomarkers show significant correlations with HVPG measurements,

predicting clinically significant portal pressure and/or esophageal varices.

[0029] In certain embodiments, the invention provides that the presence or
expression of a biomarker panel comprising at least six (6) specific biomarkers: IL-1f, IL-
1Ra, Fas-R, VCAM-1, TNF-B, and HSP-70, predicts non-clinically significant portal
hypertension when the presence or expressions of these biomarkers correlate with HVPG
less than 12 mmHg, which further suggests non-clinically significant esophageal varices
(< 5 mm). The invention provides that detection of the significant correlations between
these biomarkers and HVPG less than 12 mmHg provides at least 86% accuracy excluding
HVPG equal to or greater than 12 mmHg. The invention further suggests that patients
with the presence or expressions of these biomarkers correlating with HVPG less than 12
mmHg can avoid undergoing the standard of care EGD in view of the non-clinically

significant HVPG and esophageal varices.

[0030] On the other hand, the presence or expressions of these biomarkers
correlating with HVPG equal to or greater than 12 mmHg suggests clinically significant
portal hypertension, as well as clinically significant esophageal varices (>5 mm), which is
the critical threshold for cirrhotic patients with variceal bleeding associated with portal
hypertension in cirrhosis. Patients with the presence or expressions of these biomarkers
correlating with HVPG equal to or greater than 12 mmHg should undergo the standard of

care EGD in view of the clinically significant HVPG and likely esophageal varices.
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Methods for determining and correlating the presence or expression levels of one or more
biomarkers (including mRNA, DNA, and/or other nucleic acid, and/or protein level of
such biomarkers) are routine technologies and well known in the art by those skilled in the

art.

[0031] The invention further provides that the non-invasive biomarker test
correlates to or is in conjunction with established demographic and clinical laboratory
parameters associated with liver diseases and/or cirrhosis, including but not limited to,
age, model for end-stage liver diseases (MELD), Child-Pugh Score (CPS), platelets,

alanine aminotranserase (ALT), aspartate aminotransferase (AST), and at-risk alcohol use.

[0032] Methods, kits, and/or devices for predicting portal pressure HVPG and
esophageal varices as a prognostic indicator for long term survival of a cirrhosis patient by
detecting the presence and/or the expression level of a specific biomarker panel
comprising at least two, at least three, at least four, at least five, and at least six or more,
biomarkers, including but not limited to, IL-1B, IL-1Ra, Fas-R, VCAM-1, TNF-B, and
HSP-70, as well as their related biomarkers, including but not limited to I1.-18, toll-like
receptor, such as TLR9, lymphotoxin-f3, glutamine and glutamine synthase, and other heat
shock proteins, such as, HSP-27, HSP-60, HSP-110, and grp170, and hyaluronan,

homeocysteine, and angiotensin-II, of the invention, are also provided.

[0033] Unless defined otherwise, all technical and scientific terms used herein
have the same meaning as commonly understood by one of ordinary skill in the art to
which the invention pertains. Other specifically defined terms are to be construed in a
manner consistent with the definition provided herein. Although any methods and
materials similar or equivalent to those described herein can be used in the practice for
testing of the present invention, the preferred materials and methods are described herein.
In describing and claiming the present invention, the following terminology will be used.

[0034] As used in this specification and the appended claims, the singular forms
“a”, “an” and “the” include plural referents unless the content clearly dictates otherwise.

Thus, for example, reference to “an antibody” includes a combination of two or more

antibodies, and the like.

[0035] Other embodiments and uses are apparent to one skilled in the art in light of

the present disclosures. Those skilled in the art will appreciate that numerous changes and
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modifications can be made to the embodiments of the invention and that such changes and
modifications can be made without departing from the spirit of the invention. It is,
therefore, intended that the appended claims cover all such equivalent variations as fall

within the true spirit and scope of the invention.

[0036] Throughout the specification various citations are referenced, and the entire
content of each is hereby incorporated by reference. The following example is provided to

describe the invention in more detail. It is intended to illustrate, not to limit the invention.
EXAMPLE 1
Novel Inflammatory Biomarkers of Portal Pressure in Compensated Cirrhotic Patients

[0037] The rationale for screening inflammatory serum biomarkers of the hepatic
vein pressure gradient (HVPG) is based on the fact that portal hypertension is
pathogenically related to liver injury and fibrosis, and that in turn these are associated with
the activation of inflammatory pathways. This was a nested cohort study in the setting of
a randomized, clinical trial to assess the development of gastroesophageal varices (GEV)
(N Engl J Med. 353:2254; 2005). Patients had cirrhosis and portal hypertension but did
not have GEV. A total of 90 patients that had baseline day-1 sera available were enrolled
into the present study. The objective of this study was to determine whether inflammatory
biomarkers in conjunction with clinical parameters could be used to develop a predictive
paradigm for HVPG. The correlations between HVPG and IL-1B (P= 0.0052); IL-1R-
alpha (P= 0.0085); Fas-R (P=0.0354) and serum VCAM-1 (P= 0.0007) were highly
significant. By using multivariate logistic regression analysis and selected parameters
(TGFB; HSP-70; at-risk alcohol use; and Child-Pugh B score) we could exclude HVPG
equal or > 12 mmHg with 86% accuracy (95% Confidence Interval; 67.78 to 96.16%) and
the sensitivity was 87.01% (95% Confidence Interval; 69.68 to 96.34%). Therefore, the
composite test could identify 86% of compensated cirrhotic patients with HVPG below 12
mmHg and prevent unnecessary esophagogastroduodenoscopy with its associated
morbidity and costs in these patients. This diagnostic test was not efficient in predicting
HVPG equal or >12 mmHg. A blood test for HVPG could also be performed in cirrhotic

patients to prevent unnecessary esophagogastroduodenoscopy.

METHODS
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[0038] The study was a nested cohort study in the setting of an investigator-
initiated, prospective, randomized, double-blind, placebo-controlled, clinical trial designed
to evaluate the efficacy of nonselective beta-blockers in preventing GEV and the
usefulness of measuring HVPG sequentially. The complete description of the trial has
been published elsewhere (16). The protocol for conducting the current analysis of de-
identified sera samples was approved by the UCSD Human Protection Program (Protocol
#101569 on 8/16/2012), the Research and Development Committee, VASDHS (Project
#1159016 on 11/6/2012) and the Yale Human Research Protection Program.

[0039] The patients were enrolled between August 1993 and March 1999. Eligible
patients had cirrhosis and portal hypertension as defined by an HVPG of 6 mm Hg or
greater, did not have GEV, and were older than 18 and less than 75 years of age.
Exclusion criteria included ascites requiring diuretics, hepatocellular carcinoma, splenic or
portal vein thrombosis, concurrent illness expected to decrease life expectancy to less than
1 year, the use of any drug or procedure affecting the splanchnic hemodynamic or portal
pressure, primary biliary cirrhosis or primary sclerosing cholangitis, or any
contraindications to beta blocker therapy, pregnancy, and alcohol intake during the dose
titration phase. A total of 90 of the 213 subjects (39 from the Connecticut Center, 26 from
the London Center, and 25 from the Boston Center) that had baseline day-1 sera available
prior to drug or placebo treatment were enrolled into the present study. Full details of the

clinical trial have been previously published (16).

[0040] The objective of this study was to determine whether novel biomarkers of
inflammation measured in conjunction with established demographic and clinical

laboratory parameters could be used to develop a predictive paradigm for HVPG.

[0041] The primary outcome was the analysis of clinical parameters (age and
model for end-stage liver diseases [MELD]; Child-Pugh score [CPS] platelets; alanine
aminotransferase (ALT); aspartate aminotransferase (AST)); and novel inflammatory
serum biomarkers with respect to any correlations with HVPG. De-identified blood
samples were then analyzed for novel inflammatory biomarkers. A multiplex peptide
detection system (Human Sepsis Magnetic Bead Panels 1, 2 and 3; Milipore and Quansys
Q-Plex Human Cytokine-Screen IR16-Plex; Quansys Biosciences) were utilized according
to the manufacturer’s protocol to determine inflammatory markers (interleukin [IL]-

log IL-1B; 1L-2; IL-4; IL-5; IL-6; IL-8; IL-10; IL-12; IL-13; IL-15; IL-17;
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interferon(IFN)-y; tumor necrosis factor [TNF]-a; TNF-B; CCL22/MDC; CCL-17/TARC;
IL-Ro; and IL-1RA; elastase-2; lactoferrin; thrombospondin-1; MIF; ICAM-1; Fas-L;
Fas-R; VCAM-1; tPAI-1; granzyme-B; HSP-70; MIP-1o; MIP-1f; and MMP-8). Values
were calculated from individual pixels using the MAGPIX analysis xPonent software and
Q-View Imager system, respectively. An enzyme-linked immunoassay kit was used to
determine serum L.PS-binding protein (LPB) and CD-163 according to the manufacturer’s

protocol (BioVision and Aviscera Bioscience, respectively).

[0042] Individuals performing the laboratory tests were kept blinded to the

subjects’ demographics, clinical and portal pressure data.

[0043] The exploratory correlations were assessed with Pearson’s correlation
coefficient with 95% confidence intervals. Multiple linear regression analysis was
performed to test for predictive values of demographic, clinical laboratory and novel
inflammatory biomarkers to HVPG. The significance level was fixed at a=5% for all

tests. All analyses were performed using the Analyse-it program.
RESULTS

[0044] As outlined in Table 1, most subjects were middle age (mean 50.5 +/-7
years; range 32 to 72 years), predominantly males (71%) and Caucasians (87%) with
compensated cirrhosis (no ascites, no encephalopathy, no varices). Accordingly MELD
score was low (9.5+/-2.3; range 6.4 to 16.3) as was the CPS (5.5+/-0.8; range 5.0 to 8.0)
score. More than half of the subjects had chronic hepatitis C viral infection (55.6%) and
34% was at-risk alcohol use. At the time of HVPG measurement 6 patients had had a
drink within the prior week but in the remaining 25 patients, last drink had been >1 month
prior to HVPG measurements (with 12 having had the last drink >6 months prior to
HVPG).

[0045] The etiology of cirrhosis was in its majority attributed to chronic hepatitis
C (53%) and alcohol (28%). Subjects had mild to severe degrees of liver injury, judging
by the levels of ALT (95.1+/-108.4; range 10 to 615 IU/ml) and AST (84.8+/-77.1; range
16 to 510 IU/ml), which most likely reflects a mild to severe level of liver inflammation.
As expected for a cirrhotic cohort the platelets were relatively low (median 138.0; range

15 to 559 x 10%/ pL). No hepatitis C viral load was measured at the time of enrollment.
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[0046] As anticipated, in this cirrhotic population selected for the absence of GEV,
the HVPG was 10.9 +/- 3.9 mmHg (median: 10.3; range: 6.0 to 21.5 mmHg) (Table 1).
The wedge hepatic vein pressure [WHVP] (19.3 +/- 5.2; median: 18.7; range: 7.0 to 30.0
mmHg) (3) was on average 8.4 mmHg higher than the HVPG (Table 1). Thirty of the 90
subjects (33.3 %) had HVPG equal to or > 12 mmHg, a critical threshold for variceal
bleeding of cirrhosis associated with portal hypertension (3) and 60 subjects ( 66.6 %) had
HVPG < 12 mmHg.

[0047] As depicted in Table 2, we found that HVPG correlated positively with age
(P= 0.0019); (MELD) (P< 0.0001); CPS (P= 0.0445); and platelets (P= 0.0154) but the
linear regression correlation R* was only 0.26 for age + MELD and lower for the other
clinical indicators. There was no significant correlation between HVPG and either ALT or

AST.

[0048] The correlations between HVPG and IL-1B (P= 0.0052); IL-1Ra ( P=
0.0085); Fas-R (P=0.0354) and serum VCAM-1 (P=0.0007) were highly significant.
There were no significant correlations between HVPG and other inflammatory biomarkers
(LBP, CD-163, IL-10., IL-4, IL-5, IL-6, 1L-8, 1L.-10, IL-12, 1I-13, 1L-15, IL.-17, CCL-17,
CCL-22, TNFa , TNFB, elastase-2, lactoferrin, thrombospondin-1, N-Gal, resistin, MIF,
ICAM, Fas-1, tPAI-1, Granzyme-B, MIP-1q, MIP-1f, and MMP-8) as assessed with

Pearson’s correlation coefficient (Table 3).

[0049] Distribution analysis was performed for all of the variables by measuring
skewness and kurtosis. Variables that did not have a normal distribution, judging by a
skewness > (.5 were log transformed. All variables were analyzed by a two-sided t-test or
chi-square test. Univariate logistic regression was run for HVPG < 12 mmHg or HVPG
equal or >12 mmHg (a clinically significant level of portal hypertension for variceal
bleeding [36]). The four variables that were most significant (TNFB [P=0.019]; HSP-70
[P=0.030]; at-risk alcohol use [P=0.003]; and Child-Pugh B score [P=0.034]) were
submitted to multivariate logistic regression with backward elimination of the variables
that did not add to the model. The four variables remained. These four variables were
combined by logistic regression to a synthetic composite. ROC curves were produced for
the four variables and the composite (area 0.767+/-0.057; asymptotic sigma P< 0.0001;
95% CI 0.656 to 0.879) (Fig. 1). A scatter plot was drawn and a cut-point (CAT12)
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selected where probability of HVPG equal or >12 based on a natural break in the scatter
plot. CAT12 groups were compared to actual HVPG <12. The composite test was
statistically significant using several Chi-Square tests (Pearson Chi-Square P=0.017;
Fisher’s Exact Test P=0.025; Likelihood Ratio P= 0.013; Linear-by-Linear Association
P=0.018).
Predictive Value (NPV) were computed for actual HVPG cut at 12 mmHg. The NPV was
86.21% (significant 95% Confidence Interval; between 67.78 and 96.16 %). Thus, if the

The sensitivity, specificity, Positive Predictive Value (PPV) and Negative

equation predicts HVPG is <12 mmHg, then it will actually be <12 mmHg for 86 % of the
patients. The sensitivity was 87.01% (significant 95% Confidence Interval; between 69.68
and 96.34%). However, both the PPV (45.76%; significant 95% Confidence Interval;
between 32.89 and 59.14%) and the specificity (43.86%; significant 95% Confidence

Interval; between 30.93 and 57.56%) were relatively low.

Table 1 — Baseline demographic and clinical characteristics of subjects (N=90).

Parameters Numbers (%)

Sex (male) 64 (71%)
Ethnicity

Caucasians 78 (87%)

Black 4 (4%)

Hispanic 4 (4%)

Others 3 (3%)
Etiology

Hepatitis C 47 (52%)

Alcohol 25 (28%)

Cryptogenic 6 (7%)

Autoimmune 5 (6%)

Hepatitis B 4 (4%)

Others 3 (3%)

Parameters Mean (SD) 95% CI1 0™ 25{ e;ggl?t;lsfih; 100

Age (years) 50.5 (9.7) 48.4 t0 52.5 32;44; 48;57; 72
MELD 9.5(2.3) 9.0 10 10.0 6.4;7.5;8.9;109;16.3
Child-Pugh (score) | 5.5 (0.8) 53t05.6 5.0; 5.0;5.0; 6.0; 8.0
ALT (IU/ml) 95.1 (108.4) 724101178 10.0; 33.8; 59.5; 97.1; 615.0
AST (IU/ml) 84.8 (77.1) 68.6 to 100.9 16.0; 40.8; 59.0; 97.3; 510.0
Platelets (x107/ uL) | 144.8 (73.9) 129.4 t0 160.3 ;2'90698'3’ 138.0; 173.6;
HPVG 10.9 (3.9) 10.0 to 11.7 6.0; 8.0; 10.3;12.7; 21.5
WHVP 19.3 (5.2) 18210204 7.0; 15;0; 18.7;23.0; 30.0
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Table 2 — Correlation of HVPG with demographic and clinical characteristics of

subjects.
Pearson’s
Parameters
P value
Age (years) 0.0019 *
MELD 0.0001 *
Age + MELD 0.0001 *
Child-Pugh (score) 0.0445 *
ALT (IU/ml) 0.6123
AST (IU/ml) 0.5134
Platelets (x107/ uL) 0.0154 *

Table 3 — Correlation between HVPG and inflammatory biomarkers.

Inflammatory
. Pearson’s P value
Biomarkers

VCAM-1 0.0007 *
IL-1B 0,0052 *
IL-1R¢, 0.0085 *
Fas-R 0.0354 *
ICAM-1 0.0609
CD-163 0.0739
Thrombospondin-

] 0.0950
Elastase-2 0.4105
Lactoferrin 0.7008
LBP 0.6297
IL-1x 0.0772
IL-2 0.7130
1L-4 0.4357
IL.-5 0.3703
11.-6 0.2943
11.-8 0.3585
I1.-10 0.5814
IL-12 0.3990
IL-13 0.7905
IL-17 0.3132
IFN-y 0.5065
IL-1RA 0.8545
CC1L.-22 0.0955
CCL-17 0.0905
TNF-q, 0.0955
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Int:lammatory Pearson’s P value
Biomarkers
TNF-B 0.0905
Fas-L 0.0894
Granzyme-B 0.6713
HSP-70 0.0894
MIP-1¢ 0.7681
MIP-18 0.1162
MMP-8 0.1183
N-Gal 0.5171
Resistin 0.3517
MIF 0.1662
Resistin 0.3517
MIF 0.1662

PCT/US2014/039172

Table 4 — Logistic regression analysis of HVPG biomarkers.

HSP70 4.23 1.12 3.64 1.32 0.030
TNF-B 412.08 336.82 594.58 350.18 0.019
fstemk of alcohol 19 3% 21 66 % 0.003
CPS-B score 5 9 % 8 25 % 0.034
5 Table 5 — Predictive value of the composite test for HVPG < 12 mmHg
. 5% Confidence Intervals
Test Variable Percent Test Variable
Sensitivity 87.09 69.67 96.33
Specificity 43.86 30.93 57.56
Negative Predictive Value 86.21 67.78 96.16
Positive Predictive Value 45.76 32.89 59.14

[0050]

Furthermore, this study also indicates that the following biomarkers that

correlate with HVPG: 1) IL-18 in view of the finding that LL-1f correlates with HVPG

since active caspase-1 is essential for the concurrent cleavage of pro-IL-1 and pro-1L.-18

10 into their mature, biologically active forms LL-1f and IL-18 (20; 21); 2) TLR-9 and

Granulin in view of the finding that IL.-1RA correlates with HVPG since TLG-9 signaling

has been implicated in rapidly progressing tissue fibrosis and results in the activation of

IL-1R pathways, and IL-1RA binds to the IL-1R inhibiting its signaling (20; 21; 25; 26);
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3) lymphotoxin-f in view of the finding that TNFf correlates with HVPG since TNFp is
secreted as a soluble polypeptide that forms heterotrimers with lymphotoxin-f§ (27); 4) the
Heat Shock Proteins, such as HSP27, HSP-60, HSP-110, grp170 and their inducer
glutamine in view of the finding that HSP-70 correlates with HVPG since glutamine,
which is induced in hepatic acinar zone 3 by hypoxia (characteristic of cirrhosis with
portal hypertension), stimulates transcription of Heat shock factor (HSI-1), a master
regulator of Heat shock protein (HSP) (38; 39); and 5) VCAM-1 inducer: hyaluronan,
homeocysteine and angiotensin-II, in view of the finding that that VCAM-1 correlates
with HVPG since hyaluronan, homeocysteine and angiotensin-II induce expression of

VCAM-1 (30; 31; 32).

[0051] In this example the novel inflammatory biomarkers IL-1B , IL-1Ra, Fas-R,
VCAM-1, TNF-B and HSP-70 were found to be significantly correlated with HVPG in a
compensated cirrhotic cohort. Also found were some demographic and clinical parameters
correlated significantly with HVPG, including age; MELD; CPS; platelets; and at-risk

alcohol use.

[0052] The rationale for screening inflammatory serum biomarkers of HVPG is
based on the fact that portal hypertension is pathogenically related to liver injury and
fibrosis (10; 11; 12; 13; 14; 15) , and that in turn these are associated with the activation of
inflammatory pathways (11; 12; 14; 15). Indeed, portal hypertension occurs in the
presence of liver injury and inflammation even in the absence of liver fibrosis in fulminant
acute liver failure and acute viral hepatitis (17; 18), indicating that liver injury and
inflammation can be sufficient and critical for the development of portal hypertension
(with 50% of the patients having portal pressures > 12 mmHg. In addition, patients with
chronic alcoholic liver disease in the absence of cirrhosis, may have HVPG > 12 mmHg
and develop esophageal varices, suggesting that in addition to and sometimes in the
absence of liver fibrosis, hepatocyte injury and inflammation affect the portal pressure

(19).

[0053] Inflammatory pathways can be activated by bacterial translocation (or
translocation of LPS and DNA) from the intestine to the portal vein circulation that occurs
in patients with cirrhosis and portal hypertension (10; 13; 14). Bacterial/LPS/DNA

translocation leads to activation of toll-like receptors (TLRs) and their induction of
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signaling pathways resulting in the secretion of inflammatory mediators into the
circulation (12; 13). In support of these findings, the activation of these signaling
inflammatory pathways may be clinically inconspicuous but could be detected by
measuring hemodynamic effects or humoral mediators in blood (10; 12; 13). The increase
in HVPG after a meal significantly correlated with serum bacterial DNA concentration,

suggesting a causal effect between HVPG and bacterial translocation (10).

[0054] A critical inflammatory signaling pathway is the Inflammasome. It was
found that IL-1, a critical cytokine product of the Inflammasome, and its receptor IL-1Ro
correlated significantly with HVPG (20; 21). Active caspase-1 is essential for the
cleavage of pro-IL-1p into its mature, biologically active form IL-1f (20). Based on this
rationale anti-caspase drugs are being analyzed in Clinical Phase-2 Studies to ameliorate
hepatocyte injury (22). Similarly, polymorphisms of the TLR-9, which initiates signals
activating the Inflammasome (23; 24; 25), have been implicated in rapidly progressing

tissue fibrosis (26).

[0055] It was also found that TNF-B, a product of activated T and B lymphocytes
and a member of the TNF-a superfamily, correlates significantly with HVPG. TNFp is
secreted as a soluble inflammatory polypeptide that forms heterotrimers with
lymphotoxin-B and mediates a large variety of inflammatory, immunostimulatory, and
antiviral responses (27), which are relevant to the cohort of cirrhotic patients etiologically
linked to chronic HCV infection and alcohol use. In addition, the serum Fas-R, another
member of the TNF-« cell death receptor superfamily, which may be increased with liver

injury and inflammation (28; 29), also correlated with HVPG.

[0056] A highly significant correlation between HVPG and serum VCAM-1, a
product of endothelial cells was found (30; 31; 32). The increase in circulating endothelial
cells in cirrhotic patients is congruent with these findings (33). In addition, bacterial DNA
translocation is associated with intrahepatic endothelial dysfunction in patients with
cirrhosis (10). Hyaluronan, homeocysteine and angiotensin-II can induce the expression
of VCAM-1 synthesis (30; 31; 32). All of these factors are mechanistically related to
cirrhosis. Serum hyaluronan and homeocysteine are increased in liver fibrosis while
angiotensin-II stimulates liver fibrosis (34; 35; 36; 37). Therefore, the relationship

between hyaluronan, homeocysteine and angiotensin II with HVPG can be established.
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[0057] The heat shock protein (HSP)-70 correlated significantly with HVPG in the
logistic regression analysis. Of interest, glutamine, an amino acid induced in hepatic acinar
zone 3 by hypoxia (characteristic of cirrhosis with portal hypertension), stimulates
transcription of heat shock factor (HSF)-1, an inducer of HSP-70 (38; 39). Thus,

glutamine and glutamine synthethase can also be biomarkers of HVPG.

[0058] Presently, a significant correlation was found using Pearson’s test of HVPG
with novel inflammatory biomarkers (IL-1B, IL-1Ra, Fas-R, and VCAM-1). By using
multivariate logistic regression analysis and selected parameters (TNFP; HSP-70; at-risk
alcohol use; and Child-Pugh B score) HVPG equal or > 12 mmHg was excluded with 86%
accuracy (significant 95% Confidence Interval; between 67.78 and 96.16%) and the
sensitivity was 87.01% (significant 95% Confidence Interval; between 69.68 and 96.34%).
Therefore, the composite test could identify 86% of compensated cirrhotic patients with
HVPG below 12 mmHg and prevent unnecessary EGDs with their associated morbidity
and costs in these patients. As it is the case for estimating HVPG by measuring liver
stiffness (L.S) with transient elastography (9), this diagnostic test was not efficient in
predicting HVPG equal or >12 mmHg (PPV: 45.76 %; Specificity: 43.86 %). Therefore,
the ROC was only moderately accurate (area 0.767+/- 0.057; asymptotic sigma P< 0.0001;
95% CI 0.656 to 0.879) and similar to the ROC curve (0.76 +/- 0.07; 95% confidence
index 0.60-0.87) reported for the prediction of HVPG by LS- elastography for all cirrhotic

patients in their cohort (40).

[0059] Although LS has been proposed for predicting HVPG, the method as
currently used has several technical and logistic limitations making the measurement not
interpretable in a large percentage of patients with cirrhosis (41). The exclusion criteria
for LS include obesity, ascites, congestive heart failure, extrahepatic cholestasis and
severe liver inflammation related to HCV infection (9; 42). Also, in cirrhotic patients LS
values increased by 25% after a light meal, as compared with fasting patients, suggesting a

spurious postprandial increase in the predicted HVPG in cirrhosis (43).

[0060] Vizzutti and coworkers (40) reported a good correlation between LS and
HVPG in the entire cohort (R*= 0.61; P<0.0001) in 61 consecutive selected patients with
HCV-related chronic liver disease. Although the correlation between LS and HVPG was
very good for HVPG values less than 10 or 12 mm Hg (R’=0.72, P=0.0001 and R’=0.67
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P<0.0001, respectively) it was poor for HVPG > 10 mmHg and >12 mmHg (R?=0.35,
P=0.0001 and R*=0.17 P<0.02, respectively) (9). Berzigotti and coworkers (44) have
shown that LS provides excellent results when combined with platelets count and spleen
size (LSPS). Analyses of LSPS were effective in identifying patients with clinically
significant HVPG; they correctly classified 83% of patients in the training set (N: 117) and
85% in the validation set (N: 56). Berzigotti and coworkers (45) also reported that obesity
was present in 30% of a cohort of compensated cirrhotic patients. Thus, in evaluating
HVPG by LS including all subjects (an ‘intention to diagnose’ study), the 85% predictive
accuracy of LSPS reported by Berzigotti and coworkers (44) would be applicable to only
about 70% of those subjects, resulting in a correct classification of HVPG in about 60% of

the patients (85% x 0.70).

[0061] Colecchia and coworkers suggested using spleen stiffness (SS)
measurement as a screening test for the indication of esophagogastroduodenoscopy
(EGD). Using an intention-to-diagnose approach only 7 of 113 (7.1%) screened patients
would have wrongly avoided esophagogastroduodenoscopy (46). Similarly, Sharma and
coworkers found that SS >40.8 kPa had high sensitivity (94%), specificity (76%), positive
predictive value (91%), negative predictive value (84%), and diagnostic accuracy (86%)
for predicting EV (47). However, in the latter study, out of 270 patients SS was performed
only in 174 patients since 70 patients were excluded before performing the SS
measurement (due to ascites, alcohol abuse and hepatitis reactivation) and in 26 the SS
measurement could not be obtained. Thus, the intention-to treat would markedly reduce

both the sensitivity of the technique (47).
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EXAMPLE 2

Biomarkers to Exclude the Presence of Clinically Significant Esophageal Varices

[0062] This example focuses on the validation of previously discovered
biomarkers that are used to predict the absence of clinically significant esophageal varices
(>5 mm as measured by esophagogastroduodenoscopy [EGD]) in cirrhotic patients,
providing greater predictive insights on which cirrhotic patients lack clinically significant
esophageal varices and, therefore, are excluded from standard of care (SOC) screening
EGD. At present, all cirrhotic patients must undergo EGD screening for esophageal
varices as standard of care (54). This subjects a subset of this cohort, without clinically
significant esophageal varices to an unnecessary procedure with its potential
complications (sedation-induced respiratory depression; pulmonary aspiration; paradoxical
excitation in patients on narcotics and sedatives; pharyngeal injury and EGD-induced
bleeding from varices), thus, also save significant human and financial medical resources

(~ $ 10,000 per unneeded EGD).

[0063] The annual worldwide mortality from liver cirrhosis is approximately
800,000 (2; 48). Excessive tissue repair in chronic liver diseases induced by alcoholic,
viral, toxic, immunologic, and metabolic disorders (11), results in the deposition of scar
tissue and the development of cirrhosis (14). Chronic liver disease and cirrhosis account

for approximately 27,000 deaths in the United States each year.

[0064] The development of esophageal varices and esophageal variceal
hemorrhage are the complications of cirrhosis that result most directly from portal
hypertension (5; 16). Esophageal varices are the most relevant complication of portal

hypertension because their rupture results in variceal hemorrhage, the most common lethal



10

15

20

25

30

WO 2014/190170 PCT/US2014/039172

27-

complication of cirrhosis (6-8; 22; 23). A threshold of portal pressure (Hepatic Vein
Pressure Gradient (HVPG)) of 12 mmHg is needed to develop clinically significant
esophageal varices (5 mm) (3; 4; 41). All cirrhotic patients with clinically significant
esophageal varices (5 mm) have HVPG equal to or greater than 12 mmHg. No cirrhotic

patient develops clinically significant esophageal varices with a HVPG of < 12 mmHg.

[0065] Esophageal varices are present in approximately 50% of patients with
cirrhosis (54). Their presence correlates with the severity of liver disease; while only 40%
of Child A (compensated cirrhotic patients without ascites, encephalopathy or variceal
bleeding) have esophageal varices, they are present in ~ 85% of Child C (decompensated

cirrhotic patients with ascites, encephalopathy or variceal bleeding) (54).

[0066] Variceal hemorrhage occurs at a yearly rate of 5-15%, and the most
important predictor of hemorrhage is the size of varices, as measured by EGD, with the
highest risk of first hemorrhage (15% per year) occurring in patients with large varices
(> 5mm) (4; 54). The gold standard of clinical care for the diagnosis of varices is EGD
(54).

[0067] The frequency of surveillance endoscopies in patients with no or small
varices depends on their natural history. As this is a very subjective and imprecise variable
of diagnosis, the clinical challenge is to provide a more exacting way to triage the
procedures needed for these patients. The AASLD Guidelines recommends that EGD
should be performed once a diagnosis of cirrhosis is established (54). In patients with
compensated cirrhosis who have no varices on a first screening endoscopy, the EGD
should be repeated in 2-3 years (4; 54). In those who have small varices (1-5 mm) on
primary screening, the EGD should be repeated in 1-2 years (6; 54). In the presence of
decompensated cirrhosis, EGD should be repeated at yearly intervals (49; 50; 54). The
minimally invasive blood test using novel biomarkers could be of greatest potential impact
in its use to exclude the compensated cirrhotic patients with no or small varices. It could
spare these patients unnecessary risk from an unneeded procedure and save the medical
resources involved with these procedures. A lower percentage of the decompensated
Child-B and C cirrhotic patients could also benefit from predictive biomarkers since they
may not have clinically significant esophageal varices and if the other complications of

cirrhosis (ascites and encephalopathy) do not affect the accuracy of the biomarkers.
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[0068] There is not an FDA-approved non-invasive test for the diagnosis of
esophageal varices. There is not competing technology that measures esophageal varices

directly, except capsule endoscopy.

[0069] Liver Stiffness (LS) has been proposed for predicting HVPG (and
consequently, esophageal varices) but the method as currently used has several technical
and logistic limitations making the measurement not interpretable in a large percentage of
patients with cirrhosis (41). The exclusion criteria for LS include obesity, ascites,
congestive heart failure, extrahepatic cholestasis and severe liver inflammation related to
HCYV infection (9; 42). Also, in cirrhotic patients LS values increased by 25% after a
light meal, as compared with fasting patients, suggesting a spurious postprandial increase
in the predicted HVPG (and esophageal varices) in cirrhosis (43). Vizzutti and coworkers
(40) reported a good correlation between LS and HVPG in the entire cohort (R2 = 0.61;
P<0.0001) in 61 selected patients with HCV-related chronic liver disease. Although the
correlation between LS and HVPG was very good for HVPG values less than 10 or 12 mm
Hg (R?=0.72, P=0.0001 and R’=0.67 P<0.0001, respectively) it was poor for HVPG > 10
mmHg and >12 mmHg (R?=0.35, P=0.0001 and R*=0.17 P<0.02, respectively) (9).

[0070] Berzigotti and coworkers (44) have shown that LS provides excellent
results when combined with platelets count and spleen size (LSPS). Analyses of LSPS
were effective in identifying patients with clinically significant HVPG (and eventually,
esophageal varices); they correctly classified 83% of patients in the training set (N: 117)
and 85% in the validation set (N: 56). Berzigotti and coworkers (45) also reported that
obesity was present in 30% of a cohort of compensated cirrhotic patients. Thus, in
evaluating HVPG by LS including all subjects (an intention-to-diagnose’ study), the 85 %
predictive accuracy of LSPS reported by Berzigotti and coworkers (44) would be
applicable to only about 70% of those subjects, resulting in a correct classification of

HVPG in about 60% of the patients (85% x 0.70).

[0071] Colecchia and coworkers suggested using Spleen Stiffness (SS)
measurement as a screening test for the indication of EGD. Using an intention-to-
diagnose approach 35 of 141 (25%) screened patients would have wrongly avoided EGD
or not been able to be tested (46). Similarly, when using an intention-to-diagnose
approach, the results from Sharma and coworkers indicate only a 54% negative predictive

value for the diagnosis of esophageal varices (84 % NPV x 0.35% of patients excluded
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from the procedure). Out of 270 patients SS was performed only in 174 patients (65%)
since 96 patients were excluded (70 due to ascites, alcohol abuse and hepatitis reactivation
and 26 where the measurement could not be obtained). Thus, applying an intention-to-
diagnose would markedly reduce both the sensitivity and specificity of the technique,

rendering it unsuitable for clinical care (47).

[0072] Esophageal capsule endoscopy is a procedure that may be valuable. Two
recent pilot studies show that capsule endoscopy is a safe and well-tolerated way to
diagnose esophageal varices (51; 52), although its sensitivity remains to be established.
Thus, it remains to be determined whether capsule endoscopy will play a role in screening
for esophageal varices if additional larger studies support its use (54). All of these
potentially alternative techniques to diagnose esophageal varices, including capsule
endoscopy, require expensive equipment and medical expertise that is not available to the

average patient in clinical settings outside of highly developed medical centers.

[0073] There is a full agreement among experts that the development of a non-
invasive test to exclude the presence of clinically significant esophageal varices (>
Smm) could have clinical relevance (6; 54). The NIH Action Plan for Liver Diseases
(Chapter 13- Complications of Liver Diseases) indicates that the development of
noninvasive means to screen for clinically significant esophageal varices is a priority (2).
In this context, it was shown in the above Example 1, in a small but well characterized
cirrhotic cohort (16), that some low levels of some selected inflammatory biomarkers
are able to correctly exclude HVPG equal to or >12 mmHg with a high sensitivity

(87%) and high negative predictive value (86%).

[0074] Thus, if the biomarkers can exclude patients with clinically significant
portal pressure (HVPG equal to or > 12mmHg); and clinically significant portal pressure is
indispensable to develop clinically significant esophageal varices (> 5mm); then, these
biomarkers can also be able to exclude clinically significant esophageal varices. If the
correlation obtained with the biomarkers to exclude 86% of the non-clinically significant
HVPG correlates with the exclusion of clinically significant esophageal varices, the
clinical innovation of the biomarkers could be outstanding and physiologically reasonable
since clinically significant esophageal varices do not develop below a portal pressure
threshold of 12 mmHg of HVPG, and this is the mechanistic threshold activity of

discovery of the novel biomarkers (See Example 1).



10

15

20

25

30

WO 2014/190170 PCT/US2014/039172

-30-

[0075] The ability to predict which cirrhotic patients are not in need of a screening
EGD with a blood test could revolutionize clinical management of patients with chronic
liver diseases, as well as aid in the design and performance of clinical research into the
complications of cirrhosis (1; 2; 4; 54). Given that 6 inflammatory biomarkers were
recently found to serve as a non-invasive test to predict the absence of clinically
significant portal hypertension (See Example 1 above), these biomarkers could also predict
the absence of clinically significant esophageal varices (2), and therefore avoid the
screening EGD in these particular patients. In Example 1, 6 biomarkers were identified
that provide an 87% sensitivity to exclude clinically significant portal hypertension. The
objective of this example is to analyze whether these 6 biomarkers provide the same

efficacy to exclude clinically significant esophageal varices (> Smm).
RESULTS

[0076] Most subjects were middle age (mean 50.5 +/-7 years; range 32 to 72
years), predominantly males (71%) and Caucasians (87%) with compensated cirrhosis.
Accordingly, MELD score was low (9.5+/-2.3; range 6.4 to 16.3) as was the Child-Pugh
score (5.5+/-0.8; range 5.0 to 8.0. According to Drs. Bosch, Garcia-Tsao and coworkers
(9, 54), the novel non-invasive test will potentially have the greatest clinical impact in the
subset of compensated cirrhotic patients with a ~ 50% probability of having esophageal
varices. 'The alcohol use was defined in the original cohort by Drs. Groszmann, Garcia-
Tsao and coworkers (16) as the consumption of >60 g alcohol/day (the duration of said

alcohol use ranged from 2 to 45 years.

[0077] The etiology of cirrhosis was in its majority attributed to chronic hepatitis
C (53%) and alcoholism (28%). Subjects had mild to severe degrees of liver injury,
judging by the levels of ALT (95.14+/-108.4; range 10 to 615 IU/ml) and AST (84.8+/-
77.1; range 16 to 510 IU/ml), which would be congruent with mild to severe level of liver
inflammation. As expected for a cirrhotic cohort the platelets were relatively low (median
138.0; range 15 to 559 x 10%/ pL). Unfortunately, no hepatitis C viral load was measured

at the time of enrollment.

[0078] In the published study, thirty of the 90 subjects (33 %) had HVPG equal to

or > 12 mmHg, a critical threshold for clinically significant esophageal varices of cirrhosis
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(3; 41), and 60 subjects (66 %) had HVPG < 12 mmHg. The HVPG range was 6.0 to 21.5
mmHg in the cohort (normal HVPG is 1-5 mmHg).

[0079] The goal for a test using these novel biomarkers is the exclusion of EGD
screening for those patients with a score below the cut-off value that is predictive of
clinically significant esophageal varices. To reach these goals a study reported in above
Example 1 was completed using archival blood samples obtained during the measurement
of portal pressure in a well characterized cohort of cirrhotic patients from Yale, Harvard

and London Royal Free Medical Centers (16).

[0080] As reported in above Example 1, six biomarkers: IL-1p , IL-1Ra, Fas-R,
VCAM-1, TNF-B and HSP-70 are found to be significantly correlated with HVPG in a
cirrhotic cohort (16). The Pearson’s correlations between HVPG and serum IL-1B (P=
0.0052); IL-1R-o. (P= 0.0085); Fas-R (P=0.0354); VCAM-1 (P= 0.0007); TNF-B (P=
0.030) and HSP-70 (P= 0.019) were highly significant. The values of the biomarkers for
HVPG< vs HVPG=/> 12mmHg were for IL-1f (5.9+/- 1.2 vs 22.9+/- 1.2 pg/ml), IL-
1Ro (53.1 +/- 12.0 vs 158.2 +/- 101.3 pg/ml), Fas-R (8.7 +/- 0.2 vs 9.3 +/- 0.5 ng/ml),
VCAM-1 (1.14/-0.09 vs 1.4 +/- 0.01; ng/ml) , TNF-B ( 0.4 +/- 0.04 vs 0.6 +/- 0.06
ng/ml) and HSP-70 (42.6 +/- 1.2 vs 81.9 +/- 15.3 ng/ml). By using novel biomarkers and
known clinical parameters (TGFf; HSP-70; alcoholism; and Child-Pugh B score) patients
with HVPG equal or > 12 mmHg were identified with 86% accuracy (95% Confidence
Interval; 67.78 to 96.16 %) and 87.01% sensitivity (95% Confidence Interval; 69.68 to
96.34 %). Therefore, the composite test presented in Example 1 would identify 86% of
cirrhotic patients with HVPG below 12 mmHg and could prevent unnecessary EGDs with

its associated morbidity and costs in these patients.

[0081] The studies presented in Example 1 had a similar distribution of HCV,
alcohol and autoimmune etiologies for cirrhosis in the cohort with HVPG < 12 mmHg and
with HVPG equal or greater than 12 mmHg. Thus, the biomarkers are not the results of
confounding variables such as the consequence of unbalanced distribution of cases of liver
diseases among these patients. The test is not intended to predict HVPG equal or
>12mmHg, as it is not designed to replace measurements of portal pressures or EGD.
Rather it seeks to exclude the cirrhotic patients who have non-clinically significant portal

hypertension (HVPG <12mmHg) and are not expected to have clinically significant
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esophageal varices, and therefore, do not need to undergo SOC EGD screening. This
biomarkers screening does not seek to establish either an exact numerical value for HVPG
or a direct size correlation value for varices, but rather a cut-off value to safely and
effectively triage clinical care and procedures, safeguarding the health of the patient while

saving valuable clinical resources.

[0082] Similarly, in this Example, low values of each individual biomarkers
correspond to non-clinically significant esophageal varices (0-5 mm as measured by
EGD), while high values of these biomarkers correspond to clinically significant
esophageal varices ( > Smm) that would require an EGD for diagnostic and therapeutic
interventions. In this example, a large cohort of cirrhotic patients, including ~ 50% of
cirrhotic patients with clinically significant esophageal varices is analyzed and a validation
cohort to confirm the findings in a SOC screening EGD is performed. More importantly, a
larger cohort, while using all the six identified biomarkers allows a more precise

prediction of clinically significant esophageal varices (> Smm).

[0083] A blood test for clinically significant esophageal varices can be effective in
all patients, including those unsuitable (e.g., patients with obesity, ascites, congestive heart
failure and extrahepatic cholestasis) for other experimental measurements (Liver Stiffness,
Spleen Stiffness). The test presented in this example has a similar accuracy in predicting
HVPG (with clinically significant esophageal varices) to LS or SS and it can become more
accurate with a larger cohort and the more physiologically delineated values of variceal
measurements encountered by EGD. Thus, a test based on blood biomarkers could be
developed to be more accessible worldwide due to low costs and ease of execution.
Certainly if its predictive value for patients with clinically significant esophageal varices
as present SOC, correlates with its predictive value for HPVG, and the blood test is

executable in all cirrhotic patients, then its clinical value is substantial.

[0084] In virtually all diseases associated with inflammation, the pattern involves
only select cytokines/chemokines. For example, there is a selective and specific increase
in some cytokines/chemokines in the following diseases: i) Inflammatory Bowel Diseases:
elevated serum TNFq plays an important role in the pathogenesis of IBD. Therefore, a
chimeric monoclonal anti-TNF antibody (infliximab) is used in IBD therapy (55); ii)
Cancer-Cachexia is induced by high serum levels of TNFa and 1L-6 (56); iii) In
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Idiopathic Pulmonary Fibrosis: serum CCLI18 predicts outcomes (57); iv) Rheumatoid
Arthritis: IL-23 serum levels reflect local inflammation associated with this disease (58) ;
and v) Systemic Sclerosis is associated with very high CXCL4 serum levels, whereas the

levels of CCL2, CXCL10, CCL5, von Willebrand, and CCL18 did not increase (59).

[0085] In the above Example 1, it was reported that only certain specific
inflammatory biomarkers (IL-1p , IL-1Rc, Fas-R, VCAM-1, TNF-B and HSP-70) were
significantly correlated with HVPG. As documented in many specific non-hepatic
inflammatory diseases (55-59), the selectivity of these biomarkers is indicated by the fact
that 29 other inflammatory biomarkers were not significantly correlated with HVPG. The
aim of this example is to assess whether these biomarkers can identify cirrhotic patients
that have non-clinically significant varices. The studies provided in this example suggest
that the same biomarkers correlate with clinically significant esophageal varices, as well.
Therefore, the validation of a cut-off biomarker(s) value(s) allows excluding cirrhotic
patients that have non-clinically significant esophageal varices (0-5mm) from the SOC

EGD screening for esophageal varices.
METHODS AND MATERIALS

[0086] The six specific inflammatory biomarkers predicted non-clinically
significant portal hypertension HVPG<12 mmHg are also able to exclude the presence of
clinically significant esophageal varices (> 5Smm) in cirrhotic patients (2), thus, prevent
such patients from undergoing standard of care (SOC) screening by EGD. The ability to
also predict non-clinically significant esophageal varices with a blood test revolutionizes
clinical management of patients with cirrhosis, as well as aid in the design and

performance of clinical research into the complications of cirrhosis (1; 2).

[0087] In this example, clinical studies on the sensitivity and specificity of the
biomarkers in excluding clinically significant esophageal varices are conducted. The
materials required for successful clinical studies include: i) a large cohort of eligible
subjects (> 700 cirrhotic patients are followed at UCSD and the VASDHS Liver Clinics
and > 400 subjects undergo EGD for screening esophageal varices as SOC each year); and
ii) state-of-the-art endoscopy and laboratory facilities to analyze the inflammatory
biomarkers (the primary end-point). These studies suggest an inexpensive laboratory test

that could become an innovative standard of care for these cirrhotic patients.
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[0088] Predictive values of the seram biomarkers IL-1B , IL-1Ra, Fas-R, VCAM-
1, TNF-B and HSP-70 are determined for the absence of clinically significant esophageal
varices (> S5mm) in cirrhosis. The inclusion criteria for cirrhotic patients are: i) all
cirrhotic patients of any etiology undergoing SOC screening for esophageal varices by
EGD; and ii) 21-80 years of age. Exclusion criteria are those established by the SOC

criteria for EGD screening of esophageal varices (54).

[0089] Eligible cirrhotic subjects undergo SOC surveillance by EGD. Following
AASLD recommendations, SOC EGD is performed once the diagnosis of cirrhosis is
established (4; 49). In patients with compensated cirrhosis who have no varices on
screening endoscopy, the EGD is repeated in 2 years (4; 54). In those who have small
varices (1-5mm), the EGD is repeated in 2 years (4; 54). In the presence of
decompensated cirrhosis, EGD is repeated at yearly intervals (49; 50). The AASLD
Guidelines recommends that the classification be in 2 grades (small and large) (54), by
quantitative size with a cut-off diameter of 5 mm (variceal size is measured with a

calibrated catheter tip).

[0090] The inclusion criteria for control patients are an age-matched control group
consisting of 200 healthy individuals without liver disease (as determined by medical
history; physical examination; clinical laboratory tests (the same described for cirrhotic
patients) and US, CT or MRI liver imaging studies in the preceding 12 months). These
control patients are obtained from the UCSD and VASDHS Preventive Health Care

Clinics.

[0091] All subjects have 10 ml of blood drawn for analysis of the biomarkers and
additional SOC clinical laboratory tests (before the EGD for cirrhotic subjects and during
their Clinic Visit for healthy control subjects) after signing the Informed Consent. The
clinical laboratory tests include CBC with differential and platelets; chemistry panel; liver
panel; INR; lipid panel; CRP and HgbAlc. Child-Pugh and MELD scores will be

calculated.

[0092] Sample Size: Power analysis is performed based on the biomarkers of
portal hypertension. The most stringent statistical analysis allows only 1 biomarker per 10
subjects in the smaller occurring subset (clinically significant or non-clinically significant

esophageal varices. 'The power analysis for biomarkers included the following
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parameters: in order to utilize all six (6) biomarkers, the study sample size is calculated to
be 200 subjects in the training set and 200 subjects in the validation set (with an expected
an smaller subset of 70-100 of the subjects having clinically significant varices at each site
from the 2013 data analysis) (o error: 5% and B error: 20%). Thus, if at least 70 subjects
are enrolling in the smaller subset at each site, all six (6) biomarkers are able to be used.
Esophageal varices’ size is measured according to the AASLD Guidelines written by Dr.

Garcia-Tsao (54).

[0093] An intention-to-diagnose analysis is conducted in patients who undergo
SOC surveillance by EGD. The exploratory correlations are assessed with Pearson’s
correlation coefficient with 95% confidence intervals. Multiple linear regression analysis
and logistic regression analysis are then used to test for predictive values of clinically
significant varices (> 5Smm). The significance level is fixed at 0=5% for all tests. All

analyses are performed using the Analyse-it program.

[0094] Distribution analysis is performed for all the variables by measuring
skewness and kurtosis. Variables that do not have a normal distribution, judging by a
skewness > (.5 are log transformed. All variables are analyzed by a two-sided t-test or
chi-square test. Univariate logistic regression is run for esophageal varices </= 5 mm or
esophageal varices > Smm. The variables that are most significant are submitted to
multivariate logistic regression with backward elimination of variables that do not add to
the model. The variables that remain are combined by logistic regression to a synthetic
composite. ROC curves are produced for the variables and the composite (area;

asymptotic sigma P value; and 95% CI will be determined).

[0095] A scatter plot is drawn and a cut-off point is selected where probability of
esophageal varices > Smm based on a natural break in the scatter plot. The group below
the cut-off point is compared to actual esophageal varices</=Smm. The sensitivity,
specificity, Positive Predictive Value and Negative Predictive Value are computed for
actual esophageal varices cut-off at 5 mm. The cut-off at Smm means that if the equation
predicts esophageal varices is < /=5 mm, then it actually is </=5 mm for a given % of the
patients (Negative Predictive Value). The Sensitivity, Positive Predictive Value and
Specificity for esophageal varices <= 5mm or >5 mm are determined as previously

reported (See Example 1). The identified biomarkers are used to determine categories
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(esophageal varices > Smm or not) but are not used for continuous measurements since

this is unnecessary for this objective.

[0096] De-identified blood samples are analyzed in quadruplicates (to assess intra-
assay reproducibility) for the six biomarkers as previously described (See Example 1). A
multiplex peptide detection system (Milipore, ) is utilized according to the manufacturer’s
protocol to determine IL-1P, IL-1Ra, Fas-R, VCAM-1, TNF- and HSP-70. Values are
calculated from individual pixels using the MAGPIX analysis xPonent software and Q-
View Imager system, respectively. Intrapatient variability in the levels of these biomarkers
is analyzed. Individuals performing the laboratory tests are kept blinded to the subjects’

demographics, clinical, and EGD data.

[0097] False Negative: In cirrhosis due to genetic hemochromatosis (GH) there are
low levels of liver inflammation. Because GH is a rare cause of cirrhosis (< 1% in the
Transplantation List since phlebotomies prevent development of cirrhosis) this is
potentially a minor issue. FPurther, GH may have comparable levels of the biomarkers to
other cirrhotic etiologies with clinically significant esophageal varices. The identification
of false negatives at this stage of test development is valuable for future clinical

applications.

[0098] False Positive: other organ inflammatory diseases may induce a false
positive prediction of clinically significant varices. This is not a concern for the
development of a biomarkers’ test since these patients undergo an EGD needed following
the current AASLD Guidelines. The challenge of false positives to this screening while
not desirable, do not impact the well-being of the patient as the test is simply unable to
limit their EGD SOC procedure, but does not put them at risk. The main objective of these
biomarkers is to safely rule out as many patients with non-clinically significant esophageal
varices (0-5mm) as possible, and while these false positive clinical conditions might affect
the overall accuracy of the screening, they do not put cirrhotic patients’ at risk and are still

an improvement in the quality of care that is presently available.
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What is claimed is:
1. A biomarker assay for correlating patient hepatic vein pressure gradient (HVPG) to
treat cirrhosis, comprising:
a) combining a biological sample from a patient with a biomarker panel

detecting a corresponding two or more biomarkers in the sample selected
from the group consisting of IL-1B, IL-1Ra, Fas-R, VCAM-1, TNF-j,
HSP-70, 1L-18, TLR9, lymphotoxin-B, glutamine, glutamine synthase,
HSP-27, HSP-60, HSP-110, grp170, hyaluronan, homeocysteine, and
angiotensin-II;

b) detecting the expression levels of the two or more biomarkers;

c) correlating the expression levels of the two or more biomarkers with a

threshold HVPG, and

d) indicating esophagogastricduodenoscopy (EGD) for the patient when the
biomarker expression levels correlate to HVPG equal to or greater than 12
mmHg, or indicating no EGD for the patient when the biomarker

expression levels correlate to HVPG less than 12 mmHg.

2. The assay of claim 1, wherein said biological sample is a biological fluid selected
from the group consisting of whole blood, plasma, serum, or specific serum

bacterial DNA.

3. The assay of claim 1, wherein said biomarker panel comprises detecting at least six

biomarkers IL-1B, IL-1Ra, Fas-R, VCAM-1, TNF-3 and HSP-70.

4. The assay of claim 1, wherein said assay is further correlated with demographic
and clinical laboratory parameters selected from the group consisting of age, model
for end-stage liver diseases (MELD), Child-Pugh Score (CPS), platelets, alanine
aminotranserase (ALT), aspartate aminotransferase (AST), and at-risk alcohol use

for indicating EGD to the patient or not indicating EGD for the patient.

5. The assay of claim 1, wherein the correlating with HVPG provides at least 86%

accuracy excluding HVPG equal to or greater than 12 mmHg.
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The biomarker panel of claim 3, wherein the biomarker panel further correlates to
HVPG< vs HVPG=/> 12mmHg as follows: IL-1B (5.9+/- 1.2 vs 22.9+4/- 1.2
pg/ml), IL-1Ra (53.1 +/- 12.0 vs 158.2 +/- 101.3 pg/ml), Fas-R (8.7 +/- 0.2 vs 9.3
+/- 0.5 ng/ml), VCAM-1 (1.1+/-0.09 vs 1.4 +/- 0.01; ng/m1) , TNF-B ( 0.4 +/- 0.04
vs 0.6 +/- 0.06 ng/ml) and HSP-70 (42.6 +/- 1.2 vs 81.9 +/- 15.3 ng/ml).

A method of treating cirrhosis correlating an inflammatory biomarker panel to

hepatic vein pressure gradient (HVPG), comprising:

a) correlating expression levels of two or more biomarkers in a biological
sample of a patient with an HVPG measurement, wherein the biomarkers
are selected from IL-1B, IL-1Rea, Fas-R, VCAM-1, TNF-B, HSP-70,
IL-18, TLRY, lymphotoxin-f, glutamine, glutamine synthase, HSP-27,
HSP-60, HSP-110, grp170, hyaluronan, homeocysteine, and angiotensin-I1;

and

b) performing esophagogastricduodenoscopy (EGD) on the patient when the

expression levels correlate to an HVPG greater than or equal to 12 mmHg.

The method of claim 7, wherein said biological sample is a biological fluid
selected from the group consisting of whole blood, plasma, serum, or specific

serum bacterial DNA.

The method of claim 7, wherein said biomarker panel detects six biomarkers
selected from the group consisting of IL-1B, IL-1Ra., Fas-R, VCAM-1, TNF-3 and
HSP-70.

The method of claim 7, wherein said assay is further correlated with demographic
and clinical laboratory parameters selected from the group consisting of age, model
for end-stage liver diseases (MELD), Child-Pugh Score (CPS), platelets, alanine
aminotranserase (ALT), aspartate aminotransferase (AST), and at-risk alcohol use

for indicating EGD to the patient or not indicating EGD for the patient.

The method of claim 7, wherein the correlating with HVPG provides at least 86%

accuracy.
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The method of claim 9, wherein the biomarker panel further correlates to HVPG<
vs HVPG=/> 12mmHg as follows: IL-1B (5.9+/- 1.2 vs 22.9+4/- 1.2 pg/ml), IL-
1Ro (53.1 +/- 12.0 vs 158.2 +/- 101.3 pg/ml), Fas-R (8.7 +/- 0.2 vs 9.3 +/- 0.5
ng/ml), VCAM-1 (1.1+/-0.09 vs 1.4 +/- 0.01; ng/ml) , TNF-f ( 0.4 +/- 0.04 vs 0.6
+/-0.06 ng/ml) and HSP-70 (42.6 +/- 1.2 vs 81.9 +/- 15.3 ng/ml).

The method of claim 7, wherein said method provides a non-invasive test to
predict the presence severe portal hypertension at levels associated with the

presence variceal bleeding and ascites.

The method of claim 7, wherein said method is used in conjunction with
established demographic and clinical laboratory parameters selected from the
group consisting of age, model for end-stage liver diseases (MELD), Child-Pugh
Score (CPS), platelets, alanine aminotranserase (ALT), aspartate aminotransferase

(AST), and at-risk alcohol use.

The method of claim 10, wherein a patient with non-clinically significant HVPG

and esophageal varices is excluded from undergoing standard of care EGD.

A kit for predicting HVPG and esophageal varices as a prognostic indicator for

long term survival of a cirrhosis patient, comprising:

a) a detection system comprising one or more detectors and reagents specific
for detecting expression levels of a biomarker panel comprising two or
more biomarkers selected from IL-1B, IL-1Ra, Fas-R, VCAM-1, TNF-§,
HSP-70, 1L-18, TLR9, lymphotoxin-B, glutamine, glutamine synthase,
HSP-27, HSP-60, HSP-110, grp170, hyaluronan, homeocysteine, and

angiotensin-II in a biological sample of said cirrhosis patient; and

b) instructions for using the kit for predicting the patient with non-clinically
significant HVPG or esophageal varices, when the expression of said

biomarker panel correlates with HVPG less than 12 mmHg threshold.
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The kit of claim 16, wherein said patient with non-clinically significant HVPG and
esophageal varices is excluded from undergoing standard of care EGD, or said

patient with HVPG equal to or greater than 12 mmHg is indicated for EGD.

The kit of claim 16, wherein said biomarker panel comprises at least six
inflammatory biomarkers selected from the group consisting of IL-1pB, IL-1Rq,

Fas-R, VCAM-1, TNF-3 and HSP-70.

The kit of claim 16, further comprising instructions for using the kit in conjunction
with demographic and clinical laboratory parameters selected from the group
consisting of age, model for end-stage liver diseases (MELD), Child-Pugh Score
(CPS), platelets, alanine aminotranserase (ALT), aspartate aminotransferase

(AST), and at-risk alcohol use.

The kit of claim 16, wherein said biological sample is a biological fluid selected
from the group consisting of whole blood, plasma, serum, or specific serum

bacterial DNA.
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