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METHODS OF PREDICTING THE RISK OF HAVING LOWER-EXTREMITY
ARTERY DISEASE IN PATIENTS SUFFERING FROM TYPE 2 DIABETES

FIELD OF THE INVENTION:

The present invention relates to methods of predicting the risk of having lower-
extremity artery disease in patients suffering from type 2 diabetes.

BACKGROUND OF THE INVENTION:

Lower-extremity artery disease (LEAD) is one of the major clinical manifestations of
atherosclerosis across the world (1). Its prevalence is 2 — 3 fold higher in individuals with type
2 diabetes compared with people without diabetes (2; 3). LEAD is a leading cause of limb loss,
and is associated with worse cardiovascular outcomes in subjects with type 2 diabetes (4-7). It
is also responsible for a quality of life worsening and a high economic burden (8§; 9).

It is well established that low-grade inflammation and oxidative stress play an important
role in the development of atherosclerosis and its presentations in different arterial beds,
including the arteries of lower limbs (10-13). Several studies have evaluated association
between circulating inflammatory or redox biomarkers with chronic kidney disease (CKD) and
major adverse cardiovascular events (MACE), but few have been done to test reliably these
candidates on the risk of LEAD in subjects with type 2 diabetes. Our team has assessed a broad
spectrum set of inflammatory and redox biomarkers to test their interest in the prediction of
kidney and vascular complications in the SURDIAGENE (SURvie, DIAbete de type 2 et
GENEtique) type 2 diabetes cohort (14-17). Hence, plasma concentrations of tumor necrosis
factor-a. receptor 1 (TNFR1) and angiopoietin-like 2 (ANGPTL2), two proinflammatory
factors, have been associated with increased risk of MACE, CKD, or death (14-16). However,
the prediction of MACE has not been enhanced with circulating levels of redox status
surrogates, including ischemia-modified albumin (IMA), fluorescent advanced glycation end
products (F-AGE), protein carbonyls, and total reductive capacity of plasma (TRCP) (17).

SUMMARY OF THE INVENTION:

The present invention relates to methods of predicting the risk of having lower-
extremity artery disease in patients suffering from type 2 diabetes. In particular, the present
invention is defined by the claims.

DETAILED DESCRIPTION OF THE INVENTION:

Inflammation and oxidative stress play an important role in the pathogenesis of lower-

extremity artery disease (LEAD). The inventors assessed the prognostic values of inflammatory



10

15

20

25

30

WO 2019/238554 PCT/EP2019/064929
2

and redox status biomarkers on the risk of LEAD in individuals with type 2 diabetes.
Accordingly, plasma concentrations of TNF receptor-1 (TNFR1), angiopoietin like-2,
ischemia-modified albumin (IMA), fluorescent advanced glycation end-products, carbonyls,
and total reductive capacity of plasma were measured at baseline in the SURDIAGENE
(SURVvie, DIAbete de type 2 et GENEtique) cohort. Major LEAD was defined as the occurrence
during follow-up of peripheral revascularization or lower-limb amputation. Among 1412
participants at baseline (men: 58.2%, mean (SD) age: 64.7 (10.6) years), 112 (7.9%) subjects
developed a major LEAD during 5.6 years of follow-up. High plasma concentrations of TNFR1
(HR [95%C] for second versus first tertile: 1.12 [0.62-2.03], p=0.71; third versus first tertile:
2.16[1.19-3.92], p=0.01) and IMA (2.42 [1.38-4.23], p=0.002; 2.04 [1.17-3.57], p=0.01) were
independently associated with increased risk of major LEAD. Plasma concentrations of
TNFR1, but not IMA, yielded incremental information, over traditional risk factors, for the risk
of major LEAD: c-statistic change (0.036 [0.013-0.059], p=0.002), IDI (0.012 [0.005-0.022],
p<0.001), continuous NRI (0.583 [0.294-0.847], p<0.001), and categorical NRI (0.171 [0.027-
0.317], p=0.02). In conclusion, this is the first report of independent associations between high
plasma TNFR1 and/or IMA concentrations and increased 5.6-year risk of major LEAD in
people with type 2 diabetes. TNFR1 allowed incremental prognostic information suggesting its
use as a biomarker for LEAD.

Accordingly, the first object of the present invention relates to a method of determining
whether a patient suffering from type 2 diabetes is at risk of having lower-extremity artery
disease comprising 1) measuring the concentration of TNFR1 and/or IMA in a plasma sample
obtained from the patient, ii) comparing the concentration measured at step i) with its
corresponding predetermined reference value wherein detecting differential between the
concentration measured at step 1) and its corresponding predetermined reference value indicates
whether the patient is or is not at risk of having lower-extremity artery disease.

As used herein, the term "type 2 diabetes” or “non-insulin dependent diabetes mellitus
(NIDDM)” has its general meaning in the art. Type 2 diabetes often occurs when levels of
insulin are normal or even elevated and appears to result from the inability of tissues to respond
appropriately to insulin. Most of the type 2 diabetics are obese. As used herein the term
"obesity" refers to a condition characterized by an excess of body fat. The operational definition
of obesity is based on the Body Mass Index (BMI), which is calculated as body weight per
height in meter squared (kg/m?). Obesity refers to a condition whereby an otherwise healthy
subject has a BMI greater than or equal to 30 kg/m?, or a condition whereby a subject with at

least one co-morbidity has a BMI greater than or equal to 27 kg/m?2. An "obese subject” is an
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otherwise healthy subject with a BMI greater than or equal to 30 kg/m? or a subject with at least
one co-morbidity with a BMI greater than or equal 27 kg/m?. A "subject at risk of obesity" is
an otherwise healthy subject with a BMI of 25 kg/m? to less than 30 kg/m? or a subject with at
least one co-morbidity with a BMI of 25 kg/m? to less than 27 kg/m2 The increased risks
associated with obesity may occur at a lower BMI in people of Asian descent. In Asian and
Asian-Pacific countries, including Japan, "obesity" refers to a condition whereby a subject with
at least one obesity-induced or obesity-related co-morbidity that requires weight reduction or
that would be improved by weight reduction, has a BMI greater than or equal to 25 kg/m?2. An
"obese subject"” in these countries refers to a subject with at least one obesity-induced or obesity-
related co-morbidity that requires weight reduction or that would be improved by weight
reduction, with a BMI greater than or equal to 25 kg/m?. In these countries, a "subject at risk of
obesity" is a person with a BMI of greater than 23 kg/m? to less than 25 kg/m2.

In some embodiments, the patient is an elderly patient. As used herein, the term "elderly
patient"” refers to an adult patient sixty-five years of age or older.

As used herein, the expression “lower extremity artery disease “ or “LEAD” has its
general meaning in the art and refers to a common manifestation of atherosclerosis in lower
limbs. LEAD is associated with an increased risk not only for major adverse limb events, but
also for all-cause and cardiovascular death as well as for non-fatal myocardial infarction and
ischaemic stroke. In some embodiments, the method of the present invention is particularly
suitable for determining the risk of major LEAD. As used herein, the term “major LEAD” is
defined as the first occurrence of lower-limb amputation (minor, toes or mediotarse; or major,
transtibial or transfemoral) or requirement of peripheral revascularization procedure
(angioplasty or surgery).

As used herein, the term "Risk" in the context of the present invention, relates to the
probability (i.e. at least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98,
99% of risk) that an event will occur over a specific time period (e.g. 1,2, 3,4,5,6,7,8, 9, or
10 years), as in the conversion to LEAD, and can mean a subject's "absolute" risk or "relative"
risk. Absolute risk can be measured with reference to either actual observation post-
measurement for the relevant time cohort, or with reference to index values developed from
statistically valid historical cohorts that have been followed for the relevant time period.
Relative risk refers to the ratio of absolute risks of a subject compared either to the absolute
risks of low risk cohorts or an average population risk, which can vary by how clinical risk
factors are assessed. Odds ratios, the proportion of positive events to negative events for a given

test result, are also commonly used (odds are according to the formula p/(l-p) where p is the
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probability of event and (1- p) is the probability of no event) to no- conversion. "Risk
evaluation," or "evaluation of risk" in the context of the present invention encompasses making
a prediction of the probability, odds, or likelihood that an event or disease state may occur, the
rate of occurrence of the event or conversion from one disease state to another, i.e., from a
normal condition to loss of renal function or to one at risk of developing loss of renal function.
Risk evaluation can also comprise prediction of future clinical parameters, traditional
laboratory risk factor values, or other indices of loss of renal function, either in absolute or
relative terms in reference to a previously measured population. The methods of the present
invention may be used to make continuous or categorical measurements of the risk of
conversion to loss of renal function, thus diagnosing and defining the risk spectrum of a
category of subjects defined as being at risk of having loss of renal function. In the categorical
scenario, the invention can be used to discriminate between normal and other subject cohorts at
higher risk of having loss of renal function. Thus, the terms "high risk", "intermediate risk" and
"low risk" refers to differences in the individual predisposition for developing a disease,
disorder, complication or susceptibility therefor, preferably after a subject has been treated by
one of the therapies referred to below, such as high-dose chemotherapy. Said high, intermediate
or low risk can be statistically analyzed. Preferably, the differences between a subject or a group
of subjects having a high, intermediate or low risk are statistically significant. This can be
evaluated by well-known statistic techniques including Student's t-Test, Chi2-Test, Wilcoxon-
Mann-Whitney Test, Kurskal-Wallis Test or Fisher's exact Test, log-rank test, logistic
regression analysis, or Cox models. Most preferably, the risk groups are analyzed as described
in the accompanied Examples whereby explorative data analysis is carried out and the risk
groups are formed with respect to the median, the 25% and the 75% percentiles. Differences in
continuous variables of the groups are tested by Wilcoxon-Mann-Whitney Test or Kurskal-
Wallis Test depending on the number of groups to be compared. For nominal or ordered
categories, Fisher's exact or Chi2-Test for trend are applied. Without further ado, the person
skilled in the art can carry out multivariant analysis with stratified versions of the
aforementioned tests or Cox models in order to examine the independent impact of predictive
factors and to establish the different risk groups.

Typically the plasma sample may be obtained using methods well known in the art.
Plasma may then be obtained from the plasma sample following standard procedures of the
field including, but not limited to, centrifuging the plasma sample, followed by pipetting of the
plasma layer. Platelet-free plasma (PFP) can be obtained following appropriate centrifugation.

More preferably, the plasma sample obtained from the patient is a platelet free plasma sample.
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As used herein, the term "TNFR1" has its general meaning in the art and is used herein
to denote the human soluble tumour necrosis factor receptor type 1. Typically sTNFRI1
comprises the extracellular domain of the intact receptor and exhibits an approximate molecular
weight of 30KDa.

As used herein, the term “IMA” has its general meaning in the art and refers to ischemia
modified albumin (IMA), which is an altered albumin induced by ischemia. Ischemia produces
modifications to the N-terminus (Bar-Or, D. et al. (2000) J. Emerg. Med. 19:311-315), and
possibly other sites, on the albumin molecule. The N-terminus of albumin has been well
characterized as being the primary binding site for several transition metals such as cobalt,
nickel and copper (Sadler, P. et al. (1994) Eur. J. Biochem. 220:193-200; Lakusta, H. et al.
(1979) J. Inorg. Biochem. 11:303-315; Gasmi, G. et al. (1997) J. Peptide Res. 49:500-509;
Predki, P. et al. (1992) Biochem. J. 287:211-215; Lussac, J. et al. (1984) Biochem. 23:2832-38;
Matsuoka, J. et al. (1993) J. Biol. Chem. 268:21533-37). Once the N-terminus and possibly
other sequestering binding sites have been modified by exposure to ischemic tissue, they are
rendered unable to bind metals. This altered albumin is referred to herein as Ischemia Modified
Albumin (IMA).

The measurement of the level of a biomarker (e.g. TNFR1) in the blood sample is
typically carried out using standard protocols known in the art. For example, the method may
comprise contacting the blood sample with a binding partner capable of selectively interacting
with the biomarker (e.g. TNFR1) in the sample. In some embodiments, the binding partners are
antibodies, such as, for example, monoclonal antibodies or even aptamers. For example the
binding may be detected through use of a competitive immunoassay, a non-competitive assay
system using techniques such as western blots, a radioimmunoassay, an ELISA (enzyme linked
immunosorbent assay), a “sandwich” immunoassay, an immunoprecipitation assay, a precipitin
reaction, a gel diffusion precipitin reaction, an immunodiffusion assay, an agglutination assay,
a complement fixation assay, an immunoradiometric assay, a fluorescent immunoassay, a
protein A immunoassay, an immunoprecipitation assay, an immunohistochemical assay, a
competition or sandwich ELISA, a radioimmunoassay, a Western blot assay, an
immunohistological assay, an immunocytochemical assay, a dot blot assay, a fluorescence
polarization assay, a scintillation proximity assay, a homogeneous time resolved fluorescence
assay, a IAsys analysis, and a BIAcore analysis. The aforementioned assays generally involve
the binding of the partner (ie. antibody or aptamer) to a solid support. Solid supports which can
be used in the practice of the invention include substrates such as nitrocellulose (e.g., in

membrane or microtiter well form); polyvinylchloride (e.g., sheets or microtiter wells);
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polystyrene latex (e.g., beads or microtiter plates); polyvinylidine fluoride; diazotized paper;
nylon membranes; activated beads, magnetically responsive beads, and the like. An exemplary
biochemical test for identifying specific proteins employs a standardized test format, such as
ELISA test, although the information provided herein may apply to the development of other
biochemical or diagnostic tests and is not limited to the development of an ELISA test (see,
e.g., Molecular Immunology: A Textbook, edited by Atassi et al. Marcel Dekker Inc., New
York and Basel 1984, for a description of ELISA tests). Therefore ELISA method can be used,
wherein the wells of a microtiter plate are coated with a set of antibodies which recognize the
biomarker (e.g. TNFR1). A sample containing or suspected of containing the biomarker (e.g.
TNFR1) is then added to the coated wells. After a period of incubation sufficient to allow the
formation of antibody-antigen complexes, the plate(s) can be washed to remove unbound
moieties and a detectably labelled secondary binding molecule added. The secondary binding
molecule is allowed to react with any captured sample marker protein, the plate washed and the
presence of the secondary binding molecule detected using methods well known in the art.
Measuring the level of a biomarker (e.g. TNFR1) (with or without immunoassay-based
methods) may also include separation of the compounds: centrifugation based on the
compound’s molecular weight; electrophoresis based on mass and charge; HPLC based on
hydrophobicity; size exclusion chromatography based on size; and solid-phase affinity based
on the compound's affinity for the particular solid-phase that is used. Once separated, said one
or two biomarkers proteins may be identified based on the known "separation profile" e.g.,
retention time, for that compound and measured using standard techniques. Alternatively, the
separated compounds may be detected and measured by, for example, a mass spectrometer.
Typically, levels of immunoreactive biomarker (e.g. TNFR1) in a sample may be measured by
an immunometric assay on the basis of a double-antibody "sandwich" technique, with a
monoclonal antibody specific for a biomarker (e.g. TNFR1) (Cayman Chemical Company, Ann
Arbor, Michigan). According to said embodiment, said means for measuring a biomarker (e.g.
TNFR1) level are for example 1) the biomarker (e.g. TNFR1) buffer, ii) a monoclonal antibody
that interacts specifically with the biomarker (e.g. TNFR1), iii) an enzyme-conjugated antibody
specific for the biomarker (e.g. TNFR1) and a predetermined reference value of the biomarker
(e.g. TNFRI1).

IMA may be measured by several methods including but not limited to mass
spectrometry, HPLC, immunoassay, electrochemical and colorimetric techniques. The
detection of IMA is described for example by Wu et al. (Journal: MLO Medical Laboratory
Observer 35 (2003), 36-38; 40). the assay for ischemia modified albumin can be, for example,
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the Albumin Cobalt Binding (ACB®) Test or an immunoassay specific for ischemia modified
albumin, i.e., using antibodies directed to the altered N-terminus of albumin, a metal affinity
assay for IMA, or an electrochemical or optical test for IMA. Some of these methods are
described in U.S. Pat. Nos. 5,290,519, 5,227,307, 6,492,179, and 6,461,875, and co-pending
patent applications which are hereby incorporated by reference: U.S. Ser. No. 10/304,610, U.S.
Ser. No. 09/849,956, U.S. Ser. No. 10/319,263, U.S. Ser. No. 09/846,411 and WO2008095358.

A predetermined reference value can be relative to a number or value derived from
population studies, including without limitation, such subjects having similar body mass index,
total cholesterol levels, LDL/HDL levels, systolic or diastolic blood pressure, subjects of the
same or similar age range, subjects in the same or similar ethnic group, and subjects having the
same severity of type 2 diabetes. Such predetermined reference values can be derived from
statistical analyses and/or risk prediction data of populations obtained from mathematical
algorithms and computed indices of metabolic syndrome. In some embodiments, the
predetermined reference values are derived from the level of a biomarker (e.g. TNFR1 and/or
IMA) in a control sample derived from one or more subjects who were not subjected to the
event. Furthermore, retrospective measurement of the level of a biomarker (e.g. TNFR1 and/or
IMA) in properly banked historical subject samples may be used in establishing these
predetermined reference values. The predetermined reference value has to be determined in
order to obtain the optimal sensitivity and specificity according to the function of the test and
the benefit/risk balance (clinical consequences of false positive and false negative). Typically,
the optimal sensitivity and specificity (and so the predetermined reference value) can be
determined using a Receiver Operating Characteristic (ROC) curve based on experimental data.
For example, after determining the level of the marker in a group of reference, one can use
algorithmic analysis for the statistic treatment of the measured levels of the marker in samples
to be tested, and thus obtain a classification standard having significance for sample
classification. The full name of ROC curve is receiver operator characteristic curve, which is
also known as receiver operation characteristic curve. It is mainly used for clinical biochemical
diagnostic tests. ROC curve is a comprehensive indicator that reflects the continuous variables
of true positive rate (sensitivity) and false positive rate (1-specificity). It reveals the relationship
between sensitivity and specificity with the image composition method. A series of different
cut-off values (thresholds or critical values, boundary values between normal and abnormal
results of diagnostic test) are set as continuous variables to calculate a series of sensitivity and
specificity values. Then sensitivity is used as the vertical coordinate and specificity is used as

the horizontal coordinate to draw a curve. The higher the area under the curve (AUC), the higher
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the accuracy of diagnosis. On the ROC curve, the point closest to the far upper left of the
coordinate diagram is a critical point having both high sensitivity and high specificity values.
The AUC value of the ROC curve is between 1.0 and 0.5. When AUC>0.5, the diagnostic result
gets better and better as AUC approaches 1. When AUC is between 0.5 and 0.7, the accuracy
is low. When AUC is between 0.7 and 0.9, the accuracy is moderate. When AUC is higher than
0.9, the accuracy is quite high. This algorithmic method is preferably done with a computer.
Existing software or systems in the art may be used for the drawing of the ROC curve, such as:
MedCalc 9.2.0.1 medical statistical software, SPSS 9.0, ROCPOWER.SAS,
DESIGNROC.FOR, MULTIREADER POWER.SAS, CREATE-ROC.SAS, GB STAT VIO0.0
(Dynamic Microsystems, Inc. Silver Spring, Md., USA), etc.

Typically, when the concentration of TNFRI1 and/or IMA is higher than its
corresponding predetermined reference value, it is concluded that the patient is a risk of having
LEAD. On the contrary, when the concentration of TNFR1 and/or IMA is lower than its
corresponding predetermined reference value, it is concluded that the patient is a risk of having
LEAD.

Once it is concluded that the patient is at risk of having LEAD, treatment options may
be prescribed. Typical treatment position include weight management, physical activity,
smoking cessation and medications. Medicines for preventing LEAD include lipid-lowering
drugs, anti-platelet dugs as well as anti-hypertensive drug. For instance lipid-lowering drugs
include statin. As used herein, the term “statin” refers to an inhibitor of the 3-hydroxy-3-
methylglutaryl-coenzyme A reductase (HMGCR) enzyme, which catalyzes the limiting step of
cholesterol biosynthesis and includes any natural, synthetic or semi-synthetic statin. In some
embodiments, the statin is atorvastatin, cerivastatin, fluvastatin, lovastatin, mevastatin,
pitavastatin, pravastatin, rosuvastatin, or simvastatin. Non-limiting examples of antiplatelet
drugs include: irreversible cyclooxygenase inhibitors (e.g., aspirin or triflusal), adenosine
diphosphate receptor inhibitors (e.g., clopidogrel, prasugrel, ticagrelor, or ticlopidine),
phosphodiesterase inhibitors (e.g., cilostazol), glycoprotein IIB/IIIA inhibitors (e.g., abciximab,
eptifibatide, or tirofiban), adenosine reuptake inhibitors (e.g., dipyridamole), and thromboxane
inhibitors (e.g., thromboxane synthase inhibitors or thromboxane receptor antagonists). Anti-
hypertensive drugs such as Diuretics, beta-blockers, calcium antagonists, angiotensin-
converting enzyme inhibitors (ACEIs) and angiotensin receptor blockers (ARBs).

A further object relates to a kit suitable for performing the method of the present
invention which comprises means for measuring the biomarker of the present invention (i.e.

TNFR1 and/or IMA). In some embodiments, the kit comprises binding partner specific for the
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biomarker(s). Said binding partners are antibodies as described above. In some embodiments,
these antibodies are labelled as described above. Typically, the kits described above will also
comprise one or more other containers, containing for example, wash reagents, and/or other
reagents capable of quantitatively detecting the presence of bound antibodies. Typically
compartmentalised kit includes any kit in which reagents are contained in separate containers,
and may include small glass containers, plastic containers or strips of plastic or paper. Such
containers may allow the efficient transfer of reagents from one compartment to another
compartment whilst avoiding cross-contamination of the samples and reagents, and the addition
of agents or solutions of each container from one compartment to another in a quantitative
fashion. Such kits may also include a container which will accept the tumor tissue sample, a
container which contains the antibody(s) used in the assay, containers which contain wash
reagents (such as phosphate buffered saline, Tris-buffers, and like), and containers which
contain the detection reagent.

The invention will be further illustrated by the following examples. However, these
examples should not be interpreted in any way as limiting the scope of the present invention.

EXAMPLE:

Methods

Participants

SURDIAGENE is a French single center prospective cohort designed to identify genetic
and biochemical determinants of vascular complications in individuals with type 2 diabetes
(18). Adults with an established diagnosis of type 2 diabetes for at least 2 years were recruited
in 2002 — 2012, and followed every 2 years since 2007 until December 31, 2015. Non-diabetic
kidney disease and short follow-up duration (<1 month) were the main exclusion criteria. The
SURDIAGENE study protocol was approved by the Poitiers University Hospital Ethics
Committee (CPP Ouest 3) and all participants gave written informed consent before enrolment.

Definition of clinical parameters at baseline

The history of macrovascular disease was defined as the presence at baseline of at least
one of the following: myocardial infarction, stable angina, stroke, transient ischaemic attack,
coronary or carotid artery revascularization. Glomerular filtration rate (eGFR) was estimated
using the Chronic Kidney Disease (CKD)-Epidemiology Collaboration equation. CKD was
defined at baseline as eGFR <60 ml/min/1.73 m?. Diabetic retinopathy was staged as absent,
non-proliferative, pre-proliferative, or proliferative.

Definition of endpoints
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The primary endpoint, major LEAD, was defined as the first occurrence during follow-
up of lower-limb amputation (minor, toes or mediotarse; or major, transtibial or transfemoral)
or requirement of peripheral revascularization procedure (angioplasty or surgery), whichever
came first. Requirement of peripheral revascularization procedure and lower-limb amputation
were considered separately as secondary endpoints. An independent adjudication committee
adjudicated each endpoint.

Laboratory procedures

Blood samples and second morning urines were obtained after an overnight fast and
stored at —80°C until use in the CHU Poitiers biobanking facility (CRB0033 - 00068). HbAlc
was assessed using a high performance liquid chromatography method (ADAMS A1C HA -
8160 analyzer; Menarini, Florence, Italy). Serum and urine creatinine and urinary albumin were
measured by nephelometry on a Modular System P (Roche Diagnostics GmbH, Mannheim,
Germany). Plasma concentrations of triglycerides, total- and HDL-cholesterol were measured
with enzymatic methods.

Plasma concentrations of TNFR1 (EKF Diagnostics, Dublin, Ireland) and human
ANGPTL2 (Cloud-Clone Corp, Houston, TX, USA) were measured using ELISA kits. Samples
were tested in duplicate, and the mean of the two measurements was considered. The intra- and
inter-assay coefficient of variations (CV) were 1.8-5.3% and 3.6-6.8% for TNFR1; and <10%
and <15% for ANGPTL?2, respectively. The results of both biomarkers are expressed as ng/ml.
Plasma C-reactive protein (CRP) was measured at baseline using immunoturbidimetric assay
(Roche/Hitachi cobas ¢ systems, Mannheim, Germany). CV was 2.07% and 2.85% for CRP
concentrations at 8.01 and 36.9 mg/l, respectively.

The comprehensive biological process used to measure the redox biomarkers were
recently reported (17). Briefly, plasma IMA index, an early marker of ischemia, was assessed
by spectrophotometry. The measurement was based on the decreased capacity of IMA to bind
cobalt, and the results are expressed as arbitrary units (AU). Plasma F-AGE concentrations
were assessed using a spectrofluorometer (Fluostar Omega, BM6 Labtech) and the results are
expressed as 10°AU. Plasma concentrations of protein carbonyls, reflecting the degree of
carbonylation in plasma, were determined by ELISA kit (OxiselectTM, Protein Carbonyl
ELISA Kit, Cell Biolabs, Inc), and the results are expressed as mmol/mg. TRCP, a marker of
anti-oxidant capacity of plasma, was measured using the Folin-Ciocalteu method. The gallic
acid (Sigma) was used as a standard, and the results are expressed as gallic acid equivalents.

Analyses and statistical methods
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Continuous variables are expressed as mean (SD), or as median (25", 75" percentiles)
for those with skewed distribution. Categorical variables are expressed as the number of
participants with corresponding percentage. Participants were categorized into three equally
sized groups corresponding to increasing tertiles (T1, T2 and T3) of each biomarker.
Characteristics of participants at baseline by the incidence of major LEAD during follow-up
were compared using chi-squared, ANOVA, or Wilcoxon tests.

A complete case method was used to handle missing data. Thus, 56 subjects with at least
one missing value were omitted in the present study, and 1412 participants were included in the
complete case study.

Restrictive cubic splines regression analyses were performed (using quantiles as knots,
and medians as reference values) to assess the nonlinearity in the relationship between each
biomarker and the primary endpoint. Kaplan-Meier curves were plotted to evaluate the primary
endpoint free-survival rates by biomarker tertiles at baseline, and compared using the log-rank
test. Cox proportional hazards regression models were fitted to estimate hazard ratios (HR),
with associated 95% CI, for endpoints during follow-up for the second and the third tertiles of
each biomarker compared with the first one. Analyses were adjusted for sex and age (model 1);
and for all potential confounding covariates at baseline: model 1 plus BMI, duration of diabetes,
HbAIc, systolic and diastolic blood pressure, urinary albumin to creatinine ratio (ACR), eGFR,
diabetic retinopathy stages, plasma concentrations of total-, HDL-cholesterol, and triglycerides,
history of macrovascular disease, current smoking, and use of insulin therapy, antihypertensive,
statin, fibrate, and antiplatelet drugs (model 2). The Schoenfeld residuals method was used to
check the proportional hazards assumption for the association between primary endpoint and
each biomarker.

Harrell’s c-statistic (19), Integrated Discrimination Improvement (IDI), and Net
Reclassification Improvement (NRI) were performed, in participants with no major LEAD at
baseline, to compare discrimination and classification of primary endpoint, assessed using
survival methodology, between two prognostic models: model 2 versus model 2 plus plasma
concentrations of relevant (independently associated with major LEAD) biomarkers.

We conducted a series of sensitivity analyses: (1) to use the competing risk model of
Fine and Gray to estimate the subdistribution hazard ratios for major LEAD, while accounting
for the competing risk of cardiovascular death (20); (2) to evaluate associations between plasma
biomarker levels and primary endpoint in individuals free at baseline of history of major LEAD,
macrovascular disease, or CKD; and (3) to assess associations between biomarkers and an

alternative primary endpoint defined as the first occurrence during follow-up of one of the
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following: (1) minor lower-limb amputation with peripheral revascularization; (ii) major lower-
limb amputation; or (iii) requirement of peripheral revascularization procedure. Finally, we
evaluated the prognostic value of plasma CRP concentrations on the risk of major LEAD in the
subset of participants for whom CRP data was available at baseline.

Statistics were performed using SAS software, version 9.4 (SAS Institute,

www.sas.com) and Stata software version 13 (StataCorp, www.stata.com). Two-sided P-values

less than 0.05 were considered significant.

Results

Characteristics of participants at baseline according to the incidence of major
LEAD during follow-up:

We investigated 1412 participants with 58.2 % of men, mean (SD) age at 64.7 (10.6)
years, and median [25%, 751 percentiles] duration of diabetes at 13 [6, 21] years at baseline.
New cases of major LEAD occurred in 112 (7.9%) subjects during a median duration of follow-
up of 5.6 [3.0, 8.6] years. The incidence rate of major LEAD was 1.4 per 100 person-years.
Individuals who developed a major LEAD during follow-up, compared with those who did not,
were significantly older, more frequently men, had a longer duration of diabetes, higher systolic
blood pressure and ACR, lower BMI, eGFR and HDL-cholesterol, were less likely to use
fibrate, more likely to use statin, antihypertensive and antiplatelet drugs, and had more prevalent
diabetic retinopathy, lower limb amputation, and peripheral revascularization at baseline (Table
1).

Risk of primary endpoint by plasma concentrations of inflammatory and oxidative
stress biomarkers at baseline:

Participants who developed a major LEAD during follow-up, compared with those who
did not, had higher plasma concentrations of TNFR1, ANGPTL?2, IMA, and protein carbonyls
(Table 1). The relationship between plasma concentrations of each biomarker at baseline and
the primary endpoint were not linear (p<0.0001 for all, data not shown). They were higher in
the upper compared with the lowest tertiles of TNFR1 (4.2 %, 4.7 %, and 17.7 % for T1, T2
and T3, respectively, p<0.0001), ANGPTL2 (4.4 %, 6.8 %, and 13.9 %, p<0.0001), IMA
(4.3 %, 10.5 %, and 9.7 %, p=0.002), and protein carbonyls (7.4 %, 6.0 %, and 10.4 %, p=0.03).
No significant association was observed between major LEAD and F-AGE or TRCP tertiles
(Table 2). The Cox regression model 1 confirmed the associations between TNFR1, ANGPTL2,
and IMA tertiles and major LEAD (Table 2). However, only TNFR1 and IMA tertiles remained
significantly associated with the risk of major LEAD in the fully adjusted model 2. Similar

results were observed after including both TNFR1 and IMA tertiles together into model 2
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(TNFR1, T2 vs. T1: 1.15 [0.63 — 2.10], p=0.64; T3 vs. T1: 2.28 [1.25 — 4.15], p=0.007; IMA,
T2 vs. T1: 2.52 [1.44 — 4.42], p=0.001; T3 vs. T1: 2.09 [1.20 — 3.66], p=0.009). No evidence
for interaction was observed between plasma concentrations of TNFR1 and IMA on the risk of
major LEAD (p for interaction=0.30).

Our findings were reliable after adjusting for cardiovascular death as a competing risk
(data not shown), and after considering participants with no baseline history of major LEAD
(n=1290), CKD (n=1016), or macrovascular disease (n=905, except for the absence of
significant IMA-LEAD association in this subset of participants) (data not shown). The use of
the alternative primary outcome did not materially alter the results (data not shown).

Plasma concentrations of CRP were measured at baseline in 291 (20.6) subjects.
Participants with available CRP measurements at baseline, compared with others, had slightly
higher BMI and HbAlc, lower systolic blood pressure, HDL-cholesterol and total-cholesterol,
were less likely to use fibrate, and more likely to use antihypertensive and antiplatelet drugs
(data not shown). Among participants for whom CRP measurements were available at baseline,
major LEAD occurred during follow-up in 31 (10.6%) subjects. Plasma CRP concentrations
were higher in individuals who experienced major LEAD compared to those who did not (8.5
[5.4 — 22.5] vs. 4.7 [2.0 — 12.6] mg/l, p=0.001), with a non-linear relationship (p for non-
linearity <0.0001, data not shown). The Kaplan—Meier estimate of the 6-year cumulative
incidence of major LEAD during follow-up was higher in the second (15.0%) and third CRP
tertiles (18.1%) compared to the first one (3.2%, p=0.02, data not shown). Hazard ratios for
major LEAD increased with growing CRP tertiles (T2 vs. T1: 5.52 [1.38 - 22.09], p=0.02; T3
vs. T1: 7.14 [1.82 - 27.96], p=0.005) in the fully adjusted model. A significant interaction was
observed between TNFR1 and CRP on the risk of major LEAD (p for interaction=0.03).

Additive value of plasma concentrations of TNFR1 and/or IMA at baseline in
discrimination and classification of major LEAD during follow-up:

The addition of plasma concentrations of TNFR1 to traditional risk factors (as in model
2) improved c-statistic (0.036, 95% CI [0.013 — 0.059], p=0.002), IDI (0.012 [0.005 — 0.022],
p<0.001), continuous NRI (0.583 [0.294 — 0.847], p<0.001), and categorical NRI (0.171 [0.027
—0.317], p=0.02) for the 5.6-year risk of major LEAD during follow-up. Plasma concentrations
of IMA at baseline did not enhance discrimination or classification of the investigated risk
(Table 3). No further improvement was observed by the addition of both plasma concentrations
of TNFR1 and IMA together into model 2 (data not shown). Plasma CRP concentrations
enhanced c-statistic (0.071 [0.008 - 0.135], p=0.03), IDI (1.031 [0.789 — 1.90], p<0.001), and
continuous NRI (0.291 [0.205 — 0.385], p<0.001) for the risk of major LEAD during follow-
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up. A greater improvement in c-statistic was observed when both TNFR1 and CRP were
introduced together in the final model (0.086 [0.020 - 0.151], p=0.01).

Risk of secondary endpoints by plasma concentrations of inflammatory and
oxidative stress biomarkers at baseline:

Peripheral revascularization and lower-limb amputation occurred during follow-up in
79 (5.6 %) and 58 (4.1 %) participants, respectively. Their incidence rates were 1.0 and 0.7 per
100 person-years, respectively. The risk of peripheral revascularization was significantly higher
in the greatest TNFR1 and IMA tertiles, while the risk of lower-limb amputation was greater in
the upper TNFR1 and ANGPTL?2 tertiles, compared with the lowest ones (data not shown).

Conclusion:

In the present study, we evaluated the relationship between plasma concentrations of
inflammatory and redox status biomarkers and the risk of major LEAD in a prospective cohort
of individuals with type 2 diabetes. We have observed associations between plasma
concentrations of TNFR1 and IMA at baseline and excess risk of major LEAD during follow-
up. Whereas no independent associations were observed between major LEAD and circulating
levels of ANGPTL2, F-AGE, protein carbonyls, or TRCP.

Participants in the upper TNFRI1 tertile had a 2-fold increased risk of major LEAD
compared with those in the lowest one. This finding was derived from analyse of the whole
cohort and remained significant in the subset of participants with no history of major LEAD at
baseline. This association was independent on potential confounders, including key
cardiovascular risk factors. Similar results were observed with either peripheral
revascularization or lower-limb amputation, considered individually as secondary endpoints.
Furthermore, plasma concentrations of TNFR1 provided additive prognostic information,
beyond conventional risk factors, on the risk of major LEAD. They improved C-statistics, IDI
and NRI.

As far as we know, we reported here for the first time reliable evidence for the
prognostic value of plasma TNFR1 concentrations on the risk of major LEAD in people with
type 2 diabetes. Few cross-sectional studies have investigated the association between LEAD
and TNF alpha, or its two soluble receptors TNFR1 or TNFR2, in the general population. Two
small studies, including an overall of a hundred participants, showed higher circulating TNF-q,
TNFR1 or TNFR2 concentrations in individuals with LEAD compared with controls (21; 22).
The Framingham Offspring Study, a larger community-based cohort, showed an association
between TNFR2 and LEAD, defined as ankle-brachial index <0.9, intermittent claudication

and/or lower extremity revascularization (23). In type 2 diabetes setting, higher circulating
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TNFR1 concentrations have been reported to be mainly associated with increased risk of kidney
disease, cardiovascular events, or mortality (14; 16; 24), but no investigation has been
performed regarding the risk of LEAD. It is unlikely that our findings have been driven by
kidney or cardiovascular disease. Yet, TNFR1-LEAD association remained significant after
adjustment for renal parameters and cardiovascular risk factors but also in participants free of
history of kidney or macrovascular disease at baseline. Furthermore, we did not observe
evidence for competing risk of cardiovascular death on this association.

Our findings cannot allow any etiologic conclusion, but they are, however, consistent
with previous studies supporting the implication of systemic inflammation in peripheral artery
disease (25; 26) (27). TNF pro-inflammatory activities promote atherosclerosis by increasing
endothelial cell permeability, inducing the expression of surface leukocyte adhesion molecules,
and enhancing the production of cytokines (28; 29). Furthermore, TNF decreases the activity
of adipocyte-derived lipoprotein lipase and increases the production of hepatic very low-density
lipoproteins in response to acute endotoxin exposure (30; 31). Increased TNF-a. activity may
also reflect oxidative stress (32), and was correlated with pulse wave velocity, an established
surrogate for arterial stiffness (33), which plays an important role in the pathophysiology of
LEAD (34).

High plasma CRP concentrations were associated with increased risk of major LEAD,
and provided additive prognostic information, over traditional risk factors. Plasma CRP
concentrations significantly interacted with TNFR1 levels on their associations with major
LEAD, suggesting that these relationships may be related to the inflammatory background.
However, these findings are limited by the issue that they were derived from a subset of 291
participants from whom CRP data was available at baseline.

Our study shows also an independent association between plasma IMA concentrations
and increased risk of major LEAD, peripheral revascularization, but not lower-limb amputation.
The association between circulating IMA levels and major LEAD remained significant in
participants free of LEAD or CKD at baseline, but not in those with no history of macrovascular
disease. IMA reflects ischemia regardless of vascular bed, and it has been suggested as a
biomarker of acute myocardial ischemia, skeletal muscle ischemia, and stroke (35-37). In
ischemic condition, structural changes take place in the N-terminus of the human albumin,
which reduce its binding capacity (38), possibly as a result of exposure to reactive oxygen
species. However, the diagnostic and prognostic values of IMA have not been clearly
established yet. In our study, circulating IMA levels did not improve discrimination or

classification of major LEAD risk. In the same line, IMA did not provide an incremental
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diagnostic information for cardiovascular events in SURDIAGENE type 2 diabetes cohort or
in patients with suspected acute coronary syndrome in the IMAGINE multicenter prospective
study (17; 39).

We have also observed an association between greater circulating ANGPTL?2 levels and
increased risk of lower-limb amputation. However, plasma concentrations of ANGPTL2 did
not enhance the discrimination or classification of limb loss (data not shown), and were not
independently associated with the risk of the primary endpoint. Although, the absence of strong
evidence to support the usefulness of plasma ANGPTL?2 as a reliable predictor for major LEAD,
our observation is consistent with the role of vascular inflammation in the natural history of
lower-limb amputation. Excess ANGPTL2 may accelerate vascular inflammation by activating
proinflammatory pathways in endothelial cells and increasing macrophage infiltration, leading
to endothelial dysfunction and atherosclerosis progression (40).

The main strength of our study is the use of a contemporary prospective cohort designed
to investigate clinical, biochemical, and genetic determinants of vascular complications in
people with type 2 diabetes. SURDIAGENE contains a comprehensive data on clinical and
biochemical parameters at baseline, as well as adjudicated vascular endpoints during follow-
up. We assessed here wide-ranging biomarkers of such major pathways involved in the
pathophysiology of lower-extremity atherosclerosis, including inflammation, oxidative stress,
and advanced glycation end products. The major limitation of our study is related to the issue
that SURDIAGENE cohort was conducted in a single French diabetes department, and may not
be representative of all populations with type 2 diabetes. Our findings can only be generalized
for Caucasian people with type 2 diabetes, but not other ethnic groups. The present study lacks
data related to intermittent claudication and ankle-brachial index, which can lead to
underestimate association between candidate biomarkers and early stages of LEAD.
SURDIAGENE also lacks data regarding peripheral neuropathy and foot infection, which can
have confounding effects, especially in the risk of lower-limb amputation. Nevertheless, similar
associations were observed when we considered the alternative endpoint including lower-limb
amputation (transmetatarsal with need of revascularization, transtibial, or transfemoral)
believed to be due to artery disease. Furthermore, the main association and prognostic value of
plasma TNFR1 concentrations were observed not only for the combined LEAD endpoint but
also for peripheral revascularization considered individually as a secondary endpoint.

Overall, high plasma concentrations of TNFR1 and IMA were independently associated
with increased 6-year risk of major LEAD in people with type 2 diabetes. TNFRI1 yielded
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incremental prognostic information on the risk of major LEAD, suggesting that it may be a
useful biomarker for peripheral arterial disease in this population.
TABLES:
Table 1. Characteristics of participants at baseline according to the incidence of

5  major lower-extremity artery disease during follow-up.

Major lower-extremity

artery disease

Overall No Yes P

N 1412 1300 112
Clinical parameters
Male sex 822 (58.2) 733 (56.4) 89 (79.5) < 0.0001
Age (years) 64.7 (10.6) 64.5 (10.8) 66.9 (8.9) 0.02
Duration of diabetes (years) 13 (6,21) 12 (6, 20) 16 (10, 24) 0.0009
Body mass index (kg/m?) 31.3(6.3) 31.4 (6.4) 29.7 (5.0) 0.005
Systolic blood pressure 132 (18) 132 (17) 138 (20) 0.0004
(mmHg)
Diastolic blood  pressure 72 (11) 72 (11) 73 (12) 0.83
(mmHg)
Biological parameters
HbAlc (%) 7.8 (1.5) 7.8 (1.5) 7.6 (1.5)

0.25
HbA1lc (mmol/mol) 62 (17) 62 (17) 60 (16)
Urinary albumin to creatinine 3(1,14) 3(1,12) 13 (2, 131) <0.0001
ratio (mg/mmol)
eGFR (ml/min/1.73m?) 73 (24) 74 (24) 62 (28) <0.0001
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Serum total cholesterol
(mmol/1)
Serum HDL cholesterol
(mmol/1)

Serum triglycerides (mmol/l)

Medical history
Current smoking
Diabetic retinopathy
Macrovascular disease

Major lower-extremity artery

disease
Lower-limb amputation
Peripheral revascularization
History of treatments

Use of antihypertensive

treatment

Use of statin

Use of fibrate

Use of antiplatelet drugs
Use of insulin therapy

Plasma concentrations of

biomarkers

18

479 (1.15)

1.21 (0.41)

1.57 (1.12,
2.30)

152 (10.8)

624 (44)

507 (36)

122 (9)

69 (5)

69 (5)

1172 (83)

638 (45)

160 (11)

593 (42)

846 (60)

4.79 (1.14)

1.21 (0.42)

1.57 (1.12,
2.30)

135 (10.4)

544 (42)

459 (35)

83 (6)

43 (3)

50 4)

1067 (82)

576 (44)

154 (12)

532 (41)

771 (59)

PCT/EP2019/064929
4.81 (1.24) 0.89
1.13 (0.35) 0.03
1.69 (1.14, 0.71

2.27)
17 (15.2) 0.15
80 (71) <0.0001
48 (43) 0.12
39 (35) <0.0001
26 (23) <0.0001
19 (17) <0.0001
105 (94) 0.0009
62 (55) 0.03

6 (5) 0.04
61 (54) 0.007
75 (67) 0.13
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TNFR1 (ng/ml) 1.8 (1.5, 1.8 (1.5, 2.3 (1.8, <0.0001
2.3) 2.3) 3.1)
ANGPTL2 (ng/ml) 15 (11,21) 15(11,20) 19(13,28) <0.0001
IMA (AU) 0.51 (0.33, 0.51(0.32, 0.58(0.48, <0.0001
0.63) 0.63) 0.68)
F-AGE (107 AU) 111 (93, 111 (93, 117 (94, 0.24
132) 132) 141)
Protein carbonyls (mmol/mg) 28 (26, 31) 28 (26,31) 29 (26, 33) 0.02
TRCP (gallic acid equivalents) 120 (103, 120 (103, 122 (103, 0.45
145) 145) 159)

Data presented as numbers (%), mean (SD), or median (25%, 75% percentiles) for variables
with skewed distribution: duration of diabetes, urinary albumin to creatinine ratio,
triglycerides, tumor necrosis factor receptor 1 (TNFR1), angiopoietin-like 2 protein
(ANGPTL?2), ischemia-modified albumin (IMA), fluorescent advanced glycation end
products (F-AGE), and total reductive capacity of plasma (TRCP).

Comparisons of qualitative and quantitative parameters were performed using Chi-square and
ANOVA tests, respectively. Wilcoxon test was used for comparisons of variables with

skewed distribution. p<0.05 was significant.

Table 2. Risk for major lower-extremity artery disease during follow-up according

to plasma concentrations of inflammatory and oxidative stress biomarkers at baselinea.
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and with plasma concentrations of TNFR1 and/or IMA at baseline.



PCT/EP2019/064929

WO 2019/238554

21

pue [012)$2[0YD [#]0] ‘[0ISo[oYo-"[([H JO suonenuaouod ewse[d ‘sode)s Aypedounal onoqerp ‘o)l uoyen[1j Je[NISWO[S pojewinsd
‘onel auuneaId-o)-urnge Areunn ‘einssoxd poo[q o1[oISeIp pue OI[0ISKS ‘O] YqH ‘Se1eqeIp Jo uoneInp ‘TN ‘x9S ‘93e 17 [opoN

‘Quofe 7

[epowr Pim paredwod ‘YIAT o [ILINLL Jo suonenuaouod ewise[d auraseq snid g [opowt JoJ pauuojiad $3s9) (IYN) 1uewAoidur
UOIBOLJISSE[O21 Jou (SP[OYsaly) YSLI 95,0 pue ¢) [edLI0391ed pue snonunuod {([(I]) IuewoAroxdwl UONERUTWILIOSIP pajeidaju]

810

7o

£9°0

<00

100°0>

100°0>

8¢°0

<000

(FE1°0—120°0-) SSO°0

(80S°0 — £+0°0~) 6£C°0

(600°0 = 900°0-) 100°0

(LT€0—L2O0) TLTO
(L¥8°0 —¥6T°0) €850

(2200 — S00°0) 2100

(2200 — 600°0-) LOO0

(6S0°0 — €£10°0) 9€0°0

(L18°0—889°0) £SL°0

VIAT 10J (ID %S$6) TN [eoLI05918)
VINT 103 (ID %56) TN snonunuo))

VIAT 10J (ID %56) 1AL

TIANLL 107 (1D %S$6) TN [eoLI05a18)
AN 103 (ID %S6) NN snonunuo))

AN J0J (1D %$6) 1d1

VINI + T [9powt 10] (ID%S6) onsneis-) ut s5uey)

TAANL +  [9powr 10§ (ID%S6) onsye)s-D) ur s3uey)

€ 19powt 10] (1D%S6) onsueIs-)

ASLISIP A19)IR AJIUDI)XI JIMO] JO YSIY

REFERENCES



10

15

20

25

30

WO 2019/238554 PCT/EP2019/064929
22

Throughout this application, various references describe the state of the art to which this
invention pertains. The disclosures of these references are hereby incorporated by reference
into the present disclosure.

1. Fowkes FG, Rudan D, Rudan I, Aboyans V, Denenberg JO, McDermott MM,
Norman PE, Sampson UK, Williams LJ, Mensah GA, Criqui MH. Comparison of global
estimates of prevalence and risk factors for peripheral artery disease in 2000 and 2010: a
systematic review and analysis. Lancet 2013;382:1329-1340

2. Joosten MM, Pai JK, Bertoia ML, Rimm EB, Spiegelman D, Mittleman MA,
Mukamal KJ. Associations between conventional cardiovascular risk factors and risk of
peripheral artery disease in men. Jama 2012;308:1660-1667

3. Shah AD, Langenberg C, Rapsomaniki E, Denaxas S, Pujades-Rodriguez M, Gale
CP, Deanfield J, Smeeth L, Timmis A, Hemingway H. Type 2 diabetes and incidence of
cardiovascular diseases: a cohort study in 1.9 million people. Lancet Diabetes Endocrinol
2015;3:105-113

4. Boyko EJ, Seelig AD, Ahroni JH. Limb- and Person-Level Risk Factors for Lower-
Limb Amputation in the Prospective Seattle Diabetic Foot Study. Diabetes care 2018;
41(4):891-898

5. Mohammedi K, Woodward M, Hirakawa Y, Zoungas S, Colagiuri S, Hamet P, Harrap
S, Poulter N, Matthews DR, Marre M, Chalmers J. Presentations of major peripheral arterial
disease and risk of major outcomes in patients with type 2 diabetes: results from the
ADVANCE-ON study. Cardiovasc Diabetol 2016;15:129

6. Mohammedi K, Woodward M, Zoungas S, Li Q, Harrap S, Patel A, Marre M,
Chalmers J. Absence of Peripheral Pulses and Risk of Major Vascular Outcomes in Patients
With Type 2 Diabetes. Diabetes care 2016;39:2270-2277

7. Mohammedi K, Woodward M, Hirakawa Y, Zoungas S, Williams B, Lisheng L,
Rodgers A, Mancia G, Neal B, Harrap S, Marre M, Chalmers J. Microvascular and
Macrovascular Disease and Risk for Major Peripheral Arterial Disease in Patients With Type 2
Diabetes. Diabetes care 2016;39:1796-1803

8. Mahoney EM, Wang K, Cohen DJ, Hirsch AT, Alberts MJ, Eagle K, Mosse F,
Jackson JD, Steg PG, Bhatt DL. One-year costs in patients with a history of or at risk for
atherothrombosis in the United States. Circulation Cardiovascular quality and outcomes
2008;1:38-45

9. Marrett E, DiBonaventura M, Zhang Q. Burden of peripheral arterial disease in

Europe and the United States: a patient survey. Health and quality of life outcomes 2013;11:175



10

15

20

25

30

WO 2019/238554 PCT/EP2019/064929
23

10. Weber C, Noels H. Atherosclerosis: current pathogenesis and therapeutic options.
Nat Med 2011;17:1410-1422

11. Stocker R, Keaney JF, Jr. New insights on oxidative stress in the artery wall. J
Thromb Haemost 2005;3:1825-1834

12. Dopheide JF, Obst V, Doppler C, Radmacher MC, Scheer M, Radsak MP, Gori T,
Warnholtz A, Fottner C, Daiber A, Munzel T, Espinola-Klein C. Phenotypic characterisation
of pro-inflammatory monocytes and dendritic cells in peripheral arterial disease. Thromb
Haemost 2012;108:1198-1207

13. Dopheide JF, Doppler C, Scheer M, Obst V, Radmacher MC, Radsak MP, Gori T,
Warnholtz A, Fottner C, Munzel T, Daiber A, Espinola-Klein C. Critical limb ischaemia is
characterised by an increased production of whole blood reactive oxygen species and
expression of TREM-1 on neutrophils. Atherosclerosis 2013;229:396-403

14. Saulnier PJ, Gand E, Ragot S, Ducrocq G, Halimi JM, Hulin-Delmotte C, Llaty P,
Montaigne D, Rigalleau V, Roussel R, Velho G, Sosner P, Zaoui P, Hadjadj S. Association of
serum concentration of TNFR1 with all-cause mortality in patients with type 2 diabetes and
chronic kidney disease: follow-up of the SURDIAGENE Cohort. Diabetes care 2014;37:1425-
1431

15. Gellen B, Thorin-Trescases N, Sosner P, Gand E, Saulnier PJ, Ragot S, Fraty M,
Laugier S, Ducrocq G, Montaigne D, Llaty P, Rigalleau V, Zaoui P, Halimi JM, Roussel R,
Thorin E, Hadjadj S. ANGPTL2 is associated with an increased risk of cardiovascular events
and death in diabetic patients. Diabetologia 2016;59:2321-2330

16. Saulnier PJ, Gand E, Velho G, Mohammedi K, Zaoui P, Fraty M, Halimi JM,
Roussel R, Ragot S, Hadjadj S: Association of Circulating Biomarkers (Adrenomedullin,
TNFR1, and NT-proBNP) With Renal Function Decline in Patients With Type 2 Diabetes. A
French Prospective Cohort. Diabetes care 2017;40:367-374

17. Cournot M, Burillo E, Saulnier PJ, Planesse C, Gand E, Rehman M, Ragot S,
Rondeau P, Catan A, Gonthier MP, Feigerlova E, Meilhac O, Hadjadj S. Circulating
Concentrations of Redox Biomarkers Do Not Improve the Prediction of Adverse
Cardiovascular Events in Patients With Type 2 Diabetes Mellitus. ] Am Heart Assoc 2018;
25;7(5)

18. Hadjadj S, Fumeron F, Roussel R, Saulnier PJ, Gallois Y, Ankotche A, Travert F,
Abi Khalil C, Miot A, Alhenc-Gelas F, Lievre M, Marre M. Prognostic value of the
insertion/deletion polymorphism of the ACE gene in type 2 diabetic subjects: results from the

Non-insulin-dependent  Diabetes, Hypertension, Microalbuminuria or Proteinuria,



10

15

20

25

30

WO 2019/238554 PCT/EP2019/064929
24

Cardiovascular Events, and Ramipril (DIABHYCAR), Diabete de type 2, Nephropathie et
Genetique (DIAB2NEPHROGENE), and Survie, Diabete de type 2 et Genetique
(SURDIAGENE) studies. Diabetes care 2008;31:1847-1852

19. Pencina MJ, D'Agostino RB, Sr., D'Agostino RB, Jr., Vasan RS. Evaluating the
added predictive ability of a new marker: from area under the ROC curve to reclassification
and beyond. Stat Med 2008;27:157-172; discussion 207-112

20. Fine JP, Gray RJ. A proportional hazards model for the subdistribution of a
competing risk. J Am Stat Assoc 1999;94:496-509.

21. Fiotti N, Giansante C, Ponte E, Delbello C, Calabrese S, Zacchi T, Dobrina A,
Guarnieri G. Atherosclerosis and inflammation. Patterns of cytokine regulation in patients with
peripheral arterial disease. Atherosclerosis 1999;145:51-60

22. Pande RL, Brown J, Buck S, Redline W, Doyle J, Plutzky J, Creager MA.
Association of monocyte tumor necrosis factor alpha expression and serum inflammatory
biomarkers with walking impairment in peripheral artery disease. Journal of vascular surgery
2015;61:155-161

23. Murabito JM, Keyes MJ, Guo CY, Keaney JF, Jr., Vasan RS, D'Agostino RB, Sr.,
Benjamin EJ. Cross-sectional relations of multiple inflammatory biomarkers to peripheral
arterial disease: The Framingham Offspring Study. Atherosclerosis 2009;203:509-514

24, Carlsson AC, Ostgren CJ, Nystrom FH, Lanne T, Jennersjo P, Larsson A, Arnlov J.
Association of soluble tumor necrosis factor receptors 1 and 2 with nephropathy, cardiovascular
events, and total mortality in type 2 diabetes. Cardiovasc Diabetol 2016;15:40

25. Brevetti G, Giugliano G, Brevetti L, Hiatt WR. Inflammation in peripheral artery
disease. Circulation 2010;122:1862-1875

26. Ridker PM, Stampfer MJ, Rifai N. Novel risk factors for systemic atherosclerosis: a
comparison of C-reactive protein, fibrinogen, homocysteine, lipoprotein(a), and standard
cholesterol screening as predictors of peripheral arterial disease. Jama 2001;285:2481-2485

27. Pradhan AD, Shrivastava S, Cook NR, Rifai N, Creager MA, Ridker PM.
Symptomatic peripheral arterial disease in women: nontraditional biomarkers of elevated risk.
Circulation 2008;117:823-831

28. Cotran RS, Pober JS. Cytokine-endothelial interactions in inflammation, immunity,
and vascular injury. J Am Soc Nephrol 1990;1:225-235

29. Marucha PT, Zeff RA, Kreutzer DL. Cytokine-induced IL-1 beta gene expression
in the human polymorphonuclear leukocyte: transcriptional and post-transcriptional regulation

by tumor necrosis factor and IL-1. J Immunol 1991;147:2603-2608



10

15

20

25

30

WO 2019/238554 PCT/EP2019/064929
25

30. Feingold KR, Serio MK, Adi S, Moser AH, Grunfeld C. Tumor necrosis factor
stimulates hepatic lipid synthesis and secretion. Endocrinology 1989;124:2336-2342

31. Kawakami M, Pekala PH, Lane MD, Cerami A. Lipoprotein lipase suppression in
3T3-L1 cells by an endotoxin-induced mediator from exudate cells. Proc Natl Acad Sci U S A
1982;79:912-916

32. Esposito K, Nappo F, Marfella R, Giugliano G, Giugliano F, Ciotola M, Quagliaro
L, Ceriello A, Giugliano D. Inflammatory cytokine concentrations are acutely increased by
hyperglycemia in humans: role of oxidative stress. Circulation 2002;106:2067-2072

33. Ohgushi M, Taniguchi A, Fukushima M, Nakai Y, Kuroe A, Ohya M, Nagasaka S,
Taki Y, Yoshii S, Matsumoto K, Yamada Y, Inagaki N, Seino Y. Soluble tumor necrosis factor
receptor 2 is independently associated with pulse wave velocity in nonobese Japanese patients
with type 2 diabetes mellitus. Metabolism 2007;56:571-577

34. Suzuki E, Kashiwagi A, Nishio Y, Egawa K, Shimizu S, Maegawa H, Haneda M,
Yasuda H, Morikawa S, Inubushi T, Kikkawa R. Increased arterial wall stiffness limits flow
volume in the lower extremities in type 2 diabetic patients. Diabetes care 2001;24:2107-2114

35. Shen XL, Lin CJ, Han LL, Lin L, Pan L, Pu XD. Assessment of ischemia-modified
albumin levels for emergency room diagnosis of acute coronary syndrome. Int J Cardiol
2011;149:296-298

36. Refaai MA, Wright RW, Parvin CA, Gronowski AM, Scott MG, Eby CS. Ischemia-
modified albumin increases after skeletal muscle ischemia during arthroscopic knee surgery.
Clin Chim Acta 2006;366:264-268

37. Abboud H, Labreuche J, Meseguer E, Lavallee PC, Simon O, Olivot JM, Mazighi
M, Dehoux M, Benessiano J, Steg PG, Amarenco P. Ischemia-modified albumin in acute stroke.
Cerebrovasc Dis 2007;23:216-220

38. Chan B, Dodsworth N, Woodrow J, Tucker A, Harris R. Site-specific N-terminal
auto-degradation of human serum albumin. Eur J Biochem 1995;227:524-528

39. Bhardwaj A, Truong QA, Peacock WF, Yeo KT, Storrow A, Thomas S, Curtis KM,
Foote RS, Lee HK, Miller KF, Januzzi JL, Jr. A multicenter comparison of established and
emerging cardiac biomarkers for the diagnostic evaluation of chest pain in the emergency
department. American heart journal 2011;162:276-282 €271

40. Horio E, Kadomatsu T, Miyata K, Arai Y, Hosokawa K, Doi Y, Ninomiya T,
Horiguchi H, Endo M, Tabata M, Tazume H, Tian Z, Takahashi O, Terada K, Takeya M, Hao
H, Hirose N, Minami T, Suda T, Kiyohara Y, Ogawa H, Kaikita K, Oike Y. Role of endothelial



WO 2019/238554 PCT/EP2019/064929
26

cell-derived angptl2 in vascular inflammation leading to endothelial dysfunction and

atherosclerosis progression. Arterioscler Thromb Vasc Biol 2014;34:790-800



10

WO 2019/238554 PCT/EP2019/064929
27

CLAIMS:

1. A method of determining whether a patient suffering from type 2 diabetes is at risk of
having lower-extremity artery disease (LEAD) comprising i) measuring the
concentration of TNFR1 and/or IMA in a plasma sample obtained from the patient, ii)
comparing the concentration measured at step 1) with its corresponding predetermined
reference value wherein detecting differential between the concentration measured at
step 1) and its corresponding predetermined reference value indicates whether the patient

is or is not at risk of having lower-extremity artery disease.
2. The method of claim 1 wherein the patient is obese.
3. The method of claim 1 wherein the patient is an elderly patient.

4. The method of claim 1 wherein when the concentration of TNFR1 and/or IMA is higher
than its corresponding predetermined reference value, it is concluded that the patient is

a risk of having LEAD.
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