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Abstract

Background. A close link exists between metabolic disorders and cardiovascular disease which is
the most prevalent cause of morbidity and mortality in western countries. The contemporary
epidemiological investigation of cardiovascular complications in metabolic disorders allows better
risk stratification in order to optimize treatment strategies.

Hypothesis. We hypothesized that clinical features and risk of cardiovascular disease may vary
within subjects affected by different metabolic disorders.

Aims and methods. The overall aim of this Ph.D. project was to investigate the prognostic impact
of metabolic disorders and their related therapies on cardiovascular health in the current era. More
specifically we aimed to:

1. investigate causes of death and their associated risk factors in type 2 diabetes patients with
or without established cardiovascular disease.

To this aim, we performed a cause-of-death analysis among patients enrolled in SAVOR-TIMI 53
and used the competing-risk methodology to identify independent predictors of cardiovascular
death and non-cardiovascular death. In addition, we aimed to describe features associated
specifically with sudden cardiac death in diabetes.

2. investigate the impact of metabolic disease on cardiovascular outcomes in a particular
subset of patients, a contemporary cohort of subjects after an acute coronary syndrome
(ACS).

To this aim, we aimed to assess long-term cardiovascular risk associated with the presence of the
metabolic syndrome or diabetes mellitus among patients recently hospitalized with an ACS using
data from the SOLID-TIMI 52 trial.

3. investigate the risk of thromboembolic complications in patients with atrial fibrillation and

diabetes.
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To this aim, we explored the differential prognostic weight of diabetes on insulin therapy versus no
insulin therapy on thromboembolic events in patients with AF using data from a multicenter,
European AF registry called PREFER in AF.
4. assess cardiovascular safety (a composite of cardiovascular death, myocardial infarction, or
stroke, and new-onset atrial fibrillation or flutter) of odanacatib, a cathepsin K inhibitor for the
treatment of postmenopausal osteoporosis.
To this aim, the anti-fracture efficacy and safety of odanacatib in postmenopausal women with
osteoporosis was assessed in the Long-term Odanacatib Fracture Trial (LOFT) and its extension
study (LOFT Extension).
Results.
Specific aim 1. This study involving more than 16,000 patients with T2D found that cardiovascular
disease remains the leading cause of death in a contemporary cohort of patients with or at high risk
for atherosclerotic cardiovascular disease. Approximately 1/3 of all deaths observed in the study
met criteria for sudden death, regardless of whether patients did or did not have established
atherosclerotic cardiovascular disease. While excess mortality is associated with older age, worse
glycemic control, kidney complications including albuminuria, prior heart failure, peripheral artery
disease, prior cardiovascular events (myocardial infarction or ischemic stroke) and elevated heart
rate, biomarkers, especially elevated levels of NT-proBNP and hs-TnT measured in a stable

population, are strongly associated with many causes of death, including non-cardiovascular death.

Specific aim 2. This study demonstrates that, in patients who have recently suffered an ACS, the
presence of metabolic syndrome is associated with the risk of adverse cardiovascular events but this
risk appears to be primarily driven by the presence of diabetes mellitus. In contrast, a diagnosis of
metabolic syndrome on its own did not provide incremental information for risk stratification in this
population once diabetes history was considered; however, in patients without diabetes at baseline,
the presence of metabolic syndrome was associated with nearly a 3-fold higher risk of developing

new-onset diabetes mellitus during follow-up.
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Specific aim 3. In this analysis of individual patient data from the prospective PREFER in AF
registry, patients with diabetes on insulin therapy had a significantly higher risk of stroke/systemic
embolism at 1 year versus both patients without diabetes and patients with noninsulin-requiring
diabetes; yet, for people with diabetes not treated with insulin, there was no significantly increased
risk. These results may have implications in the assessment of thromboembolic risk in the AF
population with diabetes and might have therapeutic implications.

Specific aim 4. In a trial of more than 16,000 postmenopausal women with osteoporosis followed
for up to 5 years, treatment with the cathepsin K inhibitor odanacatib was associated with
progressive increases in bone mineral density and reductions in the incidences of vertebral, hip, and
non-vertebral fractures. However, treatment also increased the risk of stroke with most events
ischemic in aetiology. Further development of odanacatib as a potential treatment for patients with
osteoporosis was stopped based on the overall balance between benefit and risk.

Conclusions. This contemporary epidemiological investigation of cardiovascular complications in
people with metabolic disorders indicates that cardiovascular disease remains the leading cause of
death in this population. However, we also highlighted that subjects with metabolic disorders
represent an heterogeneous group in terms of cardiovascular risk, with individuals affected by
diabetes showing the highest risk, especially those treated with insulin, compared to subjects with

other endocrinological disorders such as metabolic syndrome or post-menopausal osteoporosis.
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1. State of the art

1.1. Atherosclerotic cardiovascular disease in diabetes

Diabetes mellitus (DM) is an important risk factor for a first cardiovascular event and for worse
outcomes once a cardiovascular event has occurred. Cardiovascular disease in DM is a progressive
process characterized by early endothelial dysfunction, oxidative stress and vascular inflammation
leading to monocyte recruitment and formation of foam cells and fatty streaks, that cause
development of atherosclerotic plaques over years." Compared to individuals without DM,
atherosclerotic plaques from patients with DM are more vulnerable (rupture-prone), and therefore at
higher risk of developing over-imposed thrombosis, because of increased amounts of soft
extracellular lipids, inflammation and prothrombotic milieu; this predisposes diabetic patients to

acute cardiovascular events.*

Platelet function in diabetic patients

Platelets of individuals with DM, compared to those of healthy controls, have a dysregulation both
at the receptor and at the intracellular signal transduction level, leading to hyperreactive adhesion,
activation, degranulation and aggregation.? Reduced insulin sensitivity causes increased signaling

of P2Y 1, receptors, the main platelet receptor for adenosine diphosphate (ADP) (Figure 1).2
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Figure 1. Pathways leading to increased platelet aggregability in diabetes mellitus. Increased
platelet reactivity in diabetes involves higher levels of thrombin generation, increased production of
thromboxane A2 (TXAZ2), hyperresponsiveness of proteinase- activated receptor 4 (PAR4) to
thrombin and TXA2, and increased platelet membrane expression of P-selectin, adhesion
molecules, and glycoprotein (GP) IIb/Illa. Signalling of P2Y purinoceptor 12 (P2Y12 receptor) —
the main platelet receptor for ADP — is also increased. Vascular synthesis of nitric oxide (NO) and
prostaglandin 12 (PGI2; also known as prostacyclin) is decreased, and the production of reactive
oxygen species (ROS) is increased. P2X, P2X purinoceptor ; P2Y1, P2Y purinoceptor 1; VWF, von
Willebrand factor.

Hyperglycemia and associated conditions, such as obesity, dyslipidemia and inflammation,
modulate this phenotype.? In-vitro studies from diabetic patients have shown increased platelet
membrane expression of P-selectin and glycoprotein (GP) IIb/llla, as well as enhanced platelet
response to epinephrine and thrombin.> Impaired arachidonic acid pathway accounts for platelet
dysfunction in-vivo, that can be improved through suppression of platelet cyclo-oxygenase-1 (COX-
1).4

Diabetic platelets show increased turnover, resulting in a higher number of reticulated platelets, and
enhanced adhesion to endothelial cells.”> A reduction of platelet fluidity occurs through changes in
membrane lipid structure or glycation of membrane proteins.? Furthermore, diabetic platelets have
an increased expression of adhesion molecules, such as CD63, CD62p, CD49b, CD36 and CD31, as
documented by flow cytometry.®

Another important determinant of platelet dysfunction in diabetes is the reduced vascular
production of nitric oxide (NO) and prostaglandin (PG) I, that physiologically inhibit platelet
aggregation.” Other reactive oxygen species (ROS) may also contribute to in-vivo platelet

hyperactivation in diabetes.”

Coagulation activity in diabetic patients
Multiple pathophysiological mechanisms may contribute to the prothrombotic environment
associated with type 2 DM (Figure 2), a condition characterized by hyperglycemia,

hyperinsulinemia, low-grade inflammation, and raised plasma triglycerides.

(\/M&%@%‘/L& ’



Tesi di dottorato in Scienze biomediche integrate e bioetica, di llaria Cavallari,

discussa presso I'Universita Campus Bio-Medico di Roma in data 9/07/2020.

La disseminazione e la riproduzione di questo documento sono consentite per scopi di didattica e ricerca,
a condizione che ne venga citata la fonte.

Hyper- Hyper-
TTNF insulinaemia glycaemia
—° ° ° OO OD o 0 o Qg T
f . ) OO o 00
Fat tissue with ° ° ° o) 0000
macrophage rd ”

infiltration

m EGLUT4
| .. —lirs

INK-IKK GRB
*Adiponectin ¥ ’

L1 —> NFxB l PI3K—AKT

L ffji L
Pl | ﬁ

FPI —I TF <— Endothelial 4
TPall 1 C3 dysfunction <—— (T ROS

Coagulatlon

Hyperglycaemia and/or factors

triglyceridaemia
L

J

Figure 2. Intracellular pathways underlying procoagulant patterns in diabetes mellitus. Fat tissue
produces less adiponectin and is infiltrated by macrophages that release tumour necrosis factor
(TNF), IL-1, and IL-6. This inflammatory state increases the synthesis of plasminogen activator
inhibitor 1 (PAI1) and tissue factor (TF) by endothelial cells, as well as coagulation factors,
carboxypeptidase B2 (also known as thrombin- activable fibrinolysis inhibitor ; TAFI), PAIL, and
acute phase proteins, such as complement C3, by the liver. TNF blocks the vasculoprotective
insulin pathway involving insulin receptor substrate (IRS)—phosphoinositide 3-kinase (PI3K)-—
RACua serine/threonine- protein kinase (AKT) and activates inflammation through the signalling
pathway involving c-Jun N-terminal kinase (JNK)-inhibitor of nuclear factor-kB kinase (IKK)—
nuclear factor-kB (NF-«kB). Impaired IRS-PI3BK-AKT transduction alters nitric oxide (NO) and
insulin-responsive glucose transporter type 4 (GLUT4; also known as SLC2A4) function, whereas
the prothrombotic insulin pathway involving growth factor receptor- bound protein (GRB)-
mitogen-activated protein kinase (MAPK) remains effective. Inflammation also blunts peroxisome
proliferator-activated receptor-y (PPARy)- mediated synthesis of the anticoagulant tissue factor
pathway inhibitor (TFPI). Hyperglycaemia increases production of reactive oxygen species (ROS)
and contributes to endothelial dysfunction. Increased levels of glycated haemoglobin (HbA1c) alter
the physiological transport and release of NO. Hyperglycaemia and triglyceridaemia favour the
synthesis of coagulation factors and PAI1.

Hyperglycemia has direct effects on gene transcription of coagulation factors, and hyperglycemia-
induced oxidative stress alters the natural vasculoprotective endothelial glycocalyx.”® Insulin and
proinsulin-like molecules in experimental systems promote the expression and secretion of

plasminogen activator inhibitor type 1 (PAI-1) by hepatocytes and endothelial cells.®?
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Quantitative changes of coagulation factors in patients with DM involve higher plasma levels of
fibrinogen (the soluble precursor of solid fibrin) and of coagulation factors VII (FVII) and FXII,
increased endothelial expression of tissue factor (TF) and tissue factor/FVI1la complex activity, and
a reduction in the anticoagulant protein, tissue factor pathway inhibitors (TFPI).”® These changes
culminate in enhanced thrombin generation and fibrin formation. Quantitative changes of
fibrinolytic factors include increased plasma levels of PAI-1 and thrombin activatable fibrinolysis
inhibitor (TAFI).29 Levels of tissue-type plasminogen activator (t-PA) are also altered, with raised
antigen concentrations and reduced t-PA activity.®®
Qualitative changes of hemostatic factors include the glycation/oxidation of fibrinogen and
plasminogen, as well as the incorporation of antiplasmin, PAI-1, TAFI and C3 into the fibrin mesh,
resulting in a denser clot structure and in delayed spontaneous clot lysis.”® Enhanced thrombin
generation activates coagulation FXIII; this cross-links and further stabilizes the fibrin network.?
Moreover, glycation of hemoglobin (Hb) in patients with DM alters the physiological transport and
release of NO by Hb itself, with impaired peripheral vasodilatation, enhanced insulin resistance,
and proinflammatory/prothrombotic effects.’® An overall hypercoagulable state is demonstrated by
the significant shortening of activated partial thromboplastin time (aPTT) in patients with DM
compared to non-diabetic subjects.?
Thus, our current understanding of the pathophysiological steps implicated in the increased
thrombotic risk of patients with DM includes increased thrombin and fibrin generation, delayed clot
lysis and reduced NO bioavailability. Future therapies targeting the coagulation, fibrinolysis and

NO systems, rather than platelets alone, may open new frontiers in the prevention and treatment of

cardiovascular diseases in these patients.

1.2. Antithrombotic therapy for secondary prevention in diabetic patients with

coronary artery disease

11
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Stable Coronary Artery Disease

The presence of DM impairs clinical outcomes in patients with cardiovascular disease, in whom
meta-analyses of randomized trials indicate an overall 40% increase of major adverse
cardiovascular events [MACE, i.e., myocardial infarction (MI), stroke or cardiovascular death],
compared to patients without diabetes.™*? In the setting of secondary cardiovascular prevention in
patients with DM and stable CAD, data from the ATT Collaboration on approximately 4,500
patients showed a 4.2% absolute reduction of cardiovascular events with aspirin versus placebo at
60-months’ follow-up, similar to that observed in non-diabetic patients.'* Clopidogrel has been
extensively investigated in patients with stable CAD undergoing PCI or treated conservatively.
Table 4 reports the main results of randomized trials evaluating antiplatelet therapy in patients with
stable CAD for primary efficacy endpoints in the overall population and in the diabetic subgroup. In
the Clopidogrel versus Aspirin in Patients at Risk of Ischaemic Events (CAPRIE) trial, patients with
established cardiovascular disease were randomized to clopidogrel (75 mg daily) or aspirin (325 mg
daily)."® The subgroup analysis including 3,866 diabetic patients demonstrated that the use of
clopidogrel instead of aspirin prevented 21 adverse events (vascular death, MI, stroke,
hospitalization for ischemic or bleeding complications) per 1000 patients per year (versus 9/1000
patients per year in non-diabetic individuals)."* Of note, the cardiovascular protection provided by
clopidogrel was even higher in the subgroup of patients with DM on insulin therapy (38 events
prevented/1000 patients per year).™

The addition of clopidogrel on top of aspirin in stable patients was evaluated in the secondary
prevention cohort (i.e., patients with previous MI, stroke or PAD) of the Clopidogrel for High
Atherothrombotic Risk and Ischemic Stabilization, Management and Avoidance (CHARISMA)

trial.1°

Here, at a 28-month follow-up, in the subgroup with DM there was no greater protection
from cardiovascular events with DAPT versus patients without DM, but higher bleeding risk .*° Of

note the use of aspirin plus clopidogrel versus aspirin alone led to a significant reduction of the

c\//&/w'ﬁ/ Cd»ﬁ//a/w 12
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combined endpoint including CV death, MI, or stroke only in patients without diabetic nephropathy
(6.7% versus 7.7%; p=0.048), whereas no sizable benefit was observed in those with diabetic
nephropathy (11.4% versus 12.0%, p=0.84). Thus, current evidence indicates that the net clinical
benefit of routinely adding clopidogrel to aspirin in diabetic patients with stable CAD treated
medically is questionable, as the modest ischemic protection is outweighed by the increased
bleeding risk. The Clopidogrel for the Reduction of Events during Observation (CREDO) trial
investigated the effects of pre-procedural clopidogrel load on top of aspirin in patients undergoing
elective PCL.Y" Interestingly, both in the overall population and in the diabetic subgroup,
pretreatment with 300 mg clopidogrel led to significant clinical benefit compared to downstream
clopidogrel but only when the loading dose was given at least 6 hours prior to the intervention. This
essentially reflects the fact that several hours are needed to achieve maximal platelet inhibition after
a 300 mg clopidogrel load.®®* Interestingly, a meta-analysis showed no benefit for MACE
incidence with 12-month versus 6-month DAPT among diabetic patients undergoing PCI with drug-
eluting stent implantation for a variety of coronary syndromes.”
The Cardiovascular Outcomes for People Using Anticoagulation Strategies (COMPASS) trial
recently explored the safety and efficacy of inhibition of thrombin generation, as provided by
rivaroxaban (2.5 mg twice daily) on the background of aspirin therapy, or by rivaroxaban (5.0 mg
twice daily) alone in patients with stable coronary or peripheral atherosclerotic disease (91% with
CAD, 62% with previous MI); this study was prematurely stopped for superiority of the
rivaroxaban-plus-aspirin versus aspirin alone arm after a mean follow-up of 23 months in terms of
MACE (cardiovascular death, MI, stroke), all-cause death and cardiovascular death.?! Consistent
with the overall study results, in patients with DM (N=6,922) the addition of rivaroxaban to aspirin
resulted in a significantly lower incidence of MACE (HR 0.74, 95% CI 0.61-0.90) with higher rates

of major bleeding (HR 1.70, 95% CI 1.25-2.31); net clinical benefit was significantly in favor of

combination therapy, without increased rates of intracranial bleeding.

C\//d/w'ﬁ/ Cavalens 13



Tesi di dottorato in Scienze biomediche integrate e bioetica, di llaria Cavallari,

discussa presso I'Universita Campus Bio-Medico di Roma in data 9/07/2020.

La disseminazione e la riproduzione di questo documento sono consentite per scopi di didattica e ricerca,

a condizione che ne venga citata la fonte.
Acute Coronary Syndromes
The clinical benefit provided by antiplatelet therapy in diabetic patients with ACS has been clearly
demonstrated. Table 1 reports the main results of randomized trials evaluating antiplatelet therapy
in patients with ACS for primary efficacy endpoints in the overall population and in the diabetic
subgroup. Meta-analytic data have shown that the reduction of MACE by aspirin versus placebo
after Ml is similar in patients with and without DM (from 22% to 18% incidence in those with DM,
and from 16% to 13% in those without DM).**? The above data also indicate that, despite aspirin
therapy, the recurrence of ischemic events in diabetic patients with ACS is approximately 20% over
a mean of approximately 2.5 years.*® Although a persistently higher platelet reactivity while on
aspirin may at least in part explain this elevated recurrence rate?, the randomized Clopidogrel and
Aspirin Optimal Dose Usage to Reduce Recurrent Events—Seventh Organization to Assess
Strategies in Ischemic Syndromes (CURRENT-OASIS 7) trial demonstrated no outcome
improvement with higher-dose aspirin (300-325 mg daily versus 75-100 mg daily for 30 days) in a
mixed population of both diabetic and non-diabetic patients admitted for ACS, with no significant
interaction between primary outcome and diabetic status.”®
Additional inhibition of the P,Y1, platelet receptor on the background of aspirin therapy, aimed at
further reducing adverse events in patients with ACS, was first evaluated in the Clopidogrel in
Unstable Angina to Prevent Recurrent Events (CURE) trial, whereby patients with non-ST
elevation (NSTE)-ACS already receiving aspirin were randomized to clopidogrel, 300 mg load,
followed by 75 mg/day maintenance, or placebo for a mean duration of 9 months.?* The lower rate
of MACE observed by adding clopidogrel to aspirin occurred regardless of diabetic status; although
no significant interaction was present, the relative reduction of adverse cardiovascular events at one
year with clopidogrel in the 2,840 patients with DM was numerically lower than in those without
(14% versus 20% relative risk reduction, respectively). This may be due to the more pronounced

inter-individual variability of clopidogrel responsiveness in diabetes, resulting in a higher

prevalence of HPR.%?
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Table 1. Main results of randomized trials evaluating antiplatelet therapy in patients with stable CAD or ACS for primary efficacy endpoints in the
overall population and in the diabetic subgroup.

Study N. overall Scenario Primary % eventsin  N. diabetic % events in diabetic
pts endpoint the overall pts population
population
CAPRIE: 19,185 Patients at risk of Vascular death, Ml, stroke, 58vs5.3 3,866 17.7vs 15.6
ASA ischemic events hospitalization for ischemic RRR=8.7% RRR=21%
Vs or bleeding complications (0.3-16.5%) (NA)
Clopidogrel at 36 months.
CHARISMA: 15,603 Stable CAD with Cardiovascular death, M, 6.8vs7.3 6,555 6.7% vs 7.7% in patients
ASA + Clopidogrel high or stroke at 28 months RR=0.93 without nephropathy
VS atherothrombotic risk (0.83-1.05) 11.4% vs 12% in patients with
ASA nephropathy
RR not reported
CREDO: 2,116 Elective PCI Death, M1 or stroke at 1 yr 8.3vs 115 560 Not reported
ASA + Clopidogrel RRR=27%
Vs (3.9-44.4%)
ASA
CURE: 12,562 UA/NSTEMI Cardiovascular death, Ml 9.3vs114 2,840 14.2 vs 16.7
Asa + Clopidogrel or stroke at 1 yr RR=0.80 RR=0.84
Vs (0.72-0.90) (0.70-1.02)
ASA
TRITON-TIMI 38: 13,608 ACS with scheduled  Cardiovascular death, Ml 99vs12.1 3,146 12.2vs 17.0
ASA + Prasugrel PCI or stroke at 1 yr HR=0.81 HR=0.70
Vs (0.73-0.90) (0.58-0.85)
ASA + Clopidogrel
PLATO: 18,624 ACS Cardiovascular death, Ml 9.8vs11.7 4,662 14.1vs 16.9
ASA + Ticagrelor vs or stroke at 1 yr HR=0.84 HR=0.88
ASA + Clopidogrel (0.77-0.92) (0.76-1.03)
TRILOGY-ACS: 9,326 ACS patients Cardiovascular death, Ml 13.9vs 16.0 3,539 24.0 vs 25.6
ASA + Prasugrel vs medically managed or stroke at 30 months HR=0.91 HR=0.95
ASA + Clopidogrel (0.79-1.05) (0.81-1.11)

<\//d/w'¢ Crvallens 15
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DAPT: 9,961 Stable or ACS Stent thrombosis, death, Ml 4.3vs59 3,391 6.6vs7.0
ASA + Clopidogrel or Prasugrel patients treated with or stroke at 30 months HR=0.71 HR=0.92
Vs DES implantation (0.59-0.85) (0.71-1.20)
ASA
PEGASUS: 21,162 Patients with a prior ~ Cardiovascular death, Ml 7.8vs9.0 6,806 10.0vs 11.6
ASA + Ticagrelor vs (1-3 years) history of or stroke at 36 months HR=0.84 HR 0.83
ASA Ml (0.74-0.95) (0.69-1.0)

ACS= Acute coronary syndrome; ASA= Aspirin; CAD= Coronary artery disease; DES= Drug-eluting stent; HR=Hazard ratio (95% confidence
interval); M= Myocardial infarction; NSTEMI= Non-ST segment elevation myocardial infarction; PCI= Percutaneous coronary intervention;

RR=Risk ratio (95% confidence interval); RRR=Relative risk reduction (95% confidence interval); UA= Unstable angina
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As discussed above, the mechanisms behind poor clopidogrel-induced P,Y1, inhibition in patients
with DM may include impaired drug metabolism, leading to reduced active metabolite generation
as well as dysregulation of the P,Y1, signaling pathway.?*?° The Optimizing anti-Platelet Therapy
In diabetes MellitUS-3 (OPTIMUS-3) study found that prasugrel in patients with DM achieved
faster and greater platelet inhibition, as well as lesser inter-individual variability, than clopidogrel,
even when the latter was given at high doses (600 mg load plus 150 mg/day).*® Similar
pharmacodynamic results were obtained with ticagrelor.** Given the pharmacodynamic drawbacks
of clopidogrel in patients with DM, potentially reversed by the newer, more potent P2Y 1, inhibitors,
the subgroup analyses of diabetic populations from phase Ill studies comparing prasugrel and
ticagrelor versus clopidogrel in the setting of ACS are of particular interest.
In the Trial to Assess Improvement in Therapeutic Outcomes by Optimizing Platelet Inhibition
With Prasugrel-Thrombolysis in Myocardial Infarction 38 (TRITON-TIMI 38 trial), the use of
prasugrel instead of standard-dose clopidogrel after PCI for ACS led to a higher relative risk
reduction of MACE (cardiovascular death, stroke and MI) at 15 months in diabetic patients than in
non-diabetic patients (30% versus 14%, respectively; p for interaction = 0.009).3 Importantly, in
the former group prasugrel did not increase the rates of major bleeding. In TRITON-TIMI 38, the
greatest benefit in terms of adverse event reduction with prasugrel was observed in patients on
insulin therapy (37% relative risk reduction, versus 26% in diabetic patients not receiving insulin).*
The TRILOGY-ACS (Platelet Inhibition to Clarify the Optimal Strategy to Medically Manage
Acute Coronary Syndromes) study included patients with non-ST-segment elevation ACS managed
without revascularization and randomized to receive prasugrel or clopidogrel for up to 30 months
on top of aspirin.® A sub-analysis by diabetes status showed no difference in the incidence of
MACE (cardiovascular death, MI, or stroke) with either antiplatelet strategy in both patient
subgroups, with (N=3,539) and without DM.** In the PLATelet inhibition and patient Outcomes

(PLATO) trial, patients with ACS were randomized to receive ticagrelor (180 mg loading, then 90

mg twice daily) or clopidogrel (300 or 600 mg load, then 75 mg daily), irrespective of the

~Slanie Cavallors '
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subsequent therapeutic strategy.® A lower rate of MACE at one year by ticagrelor was observed in
both patients with and without DM (12% and 17% relative reductions, respectively). This ischemic
protection largely outweighed the elevation in non-bypass surgery-related major bleeding observed
in the ticagrelor arm. Of note, the use of ticagrelor had a strong impact in decreasing MACE, all-
cause death and stent thrombosis in diabetic patients with HbAlc >6%. Notably, a
pharmacodynamic comparison of prasugrel versus ticagrelor in diabetic patients with CAD showed
that the latter drug exerts similar or greater inhibition of ADP-induced platelet reactivity than
prasugrel both in the acute and chronic phase of treatment.*® Based on the available evidence, it is
reasonable to recommend consistent and highly-effective platelet inhibition with the newer, more
potent P2Y 1, inhibitors for patients with ACS and concomitant DM, given their high baseline risk
profile; thus, DAPT with aspirin plus prasugrel/ticagrelor should represent the first-line antiplatelet
strategy up to one year in this setting, especially in patients without high bleeding risk (Table 3).
Moreover, given the poorer long-term cardiovascular outcome of diabetic versus non-diabetic
patients suffering a MI, DAPT prolongation is a particularly relevant issue in this setting. The Dual
Antiplatelet Therapy (DAPT) study explored the efficacy and safety of prolonging DAPT beyond
one year with aspirin plus a thienopyridine (prasugrel or clopidogrel) versus aspirin alone for 18
more months in patients with stable CAD or ACS who had undergone drug-eluting stent
implantation.®® In the sub-analysis by diabetes status (N=3,391 with and N=8,257 without) there
was a significant interaction between MI risk reduction and prolonged DAPT in favor of patients
without DM (58% relative reduction versus 28% in patients with DM; p for interaction 0.02).*
Regardless of diabetes status, the rates of stent thrombosis were lower and of bleeding events higher
in the DAPT group (stent thrombosis: 75% relative reduction in non-diabetic patients versus 53% in
diabetic patients, p for interaction 0.21; moderate/severe bleeding: 71% relative increase in non-
diabetic patients versus 47% in diabetic patients, p for interaction 0.61).> Of note, withdrawal of

thienopyridine in both arms resulted in a consistent numerical increase of early ischemic events in

patients with and without DM.*® The Prevention of Cardiovascular Events in Patients with Prior
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Heart Attack Using Ticagrelor Compared to Placebo on a Background of Aspirin-Thrombolysis in
Myocardial Infarction 54 (PEGASUS-TIMI 54) trial explored the efficacy and safety of DAPT
prolongation (with ticagrelor 90 or 60 mg twice daily plus aspirin versus aspirin alone) in patients
with a prior (1-3 year) history of MI.** The reduction of MACE with either ticagrelor dosing was
consistent in patients with and without DM. Given their higher risk of events, diabetic patients
achieved a greater absolute benefit from ticagrelor, with a 3-year number needed to treat for
MACE, pooling results of both ticagrelor doses, of 67 versus 91 in those without diabetes.
Additionally, in patients with DM, ticagrelor reduced cardiovascular death by 22%. Similarly to
non-diabetic patients, in patients with DM ticagrelor significantly increased the rates of non-fatal
major bleeding (HR 2.56, p = 0.0004). Regardless of diabetic status, the net clinical outcome was

better with the 60 mg versus the 90 mg ticagrelor dosing, i.e., similar ischemic protection, but lower

bleeding risk.

1.3. Thromboembolic risk and prevention of thromboembolism in diabetic

patients with atrial fibrillation

DM increases the chances of having AF and worsens the prognosis of patients with AF.* New-
onset AF patients with DM had an increased risk of all-cause death (HR 2.65), MI (HR 2.1) and
heart failure (HR 3.8) compared to those without DM.*? The presence of DM raises the incidence of
thromboembolic events (stroke or systemic embolism) in patients with AF, explaining the inclusion
of DM in contemporary scores for stroke prediction.*® In a meta-analysis of 7 studies including
>12,000 AF patients, an overall 70% relative increase in the risk of thromboembolic complications
was observed in diabetic versus non-diabetic patients, with a yearly incidence ranging from 3.6% to
8.6%.* This variability reflects differences in study designs, definitions of outcome measures,
patients’ baseline risk profile, concomitant therapies, and types of diabetic populations included.

Recent data have identified a duration of DM >3 years as an independent predictor of ischemic
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stroke, stronger than glycemic control.* A recent sub-analysis from the European Prevention of
thromboembolic events-European Registry in Atrial Fibrillation (PREFER in AF) registry,
involving >5,000 patients with AF, showed that diabetic patients on insulin therapy had a >2-fold
higher risk of stroke/systemic embolism at 1 year versus non-diabetic patients, whereas diabetes not
treated with insulin did not entail a significantly increased risk.*°
Oral anticoagulant therapy (OAC), historically with warfarin, is the cornerstone of treatment to
reduce thromboembolic risk of patients with AF, including those with diabetes.*’ In the last decade,
NOACs have signed a revolution in the antithrombotic treatment to prevent AF-related
thromboembolic events, because of their favorable characteristics: predictable dose-response, rapid
offset and onset, fixed doses, no interaction with food, limited interactions with other drugs, no
need for routine monitoring. A recent meta-analysis of 4 phase Il trials comparing NOACs versus
warfarin in patients with AF showed NOACs to be associated with an overall statistically
significant 19% relative reduction of the combined endpoint including any stroke or systemic
embolism (p<0.0001) and a 14% relative reduction of major bleeding (p<0.06), compared to well-
managed warfarin;*® among 71,683 patients on NOACs, the prevalence of DM ranged from 23.3%
(in the Randomized Evaluation of Long-Term Anticoagulation Therapy - RE-LY study) to 40% (in
the Rivaroxaban Once Daily Oral Direct Factor Xa Inhibition Compared with Vitamin K
Antagonism for Prevention of Stroke and Embolism Trial in Atrial Fibrillation — ROCKET AF-
study). Of note, in those trials blood glucose levels and HbA1 values were not routinely available
and patients with creatinine clearance <30 mL/min were excluded. Therefore, patients with severe
diabetic nephropathy, who are at even higher risk of cardiovascular complications, were excluded.*
In these phase 111 studies there was no interaction between diabetes status and clinical efficacy of
NOACSs versus warfarin, although safety superiority of apixaban versus warfarin was lost among
AF patients with DM (p for interaction 0.003).** Moreover, a recent study-level meta-analysis of

those trials added more robust evidence on the topic (Figure 3), indicating that, compared to

warfarin: a) the use of NOACs decreased the rates of intracranial bleeding regardless of diabetic
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status (43% relative reduction versus warfarin in patients with DM and 38% in those without; p for
interaction 0.47); b) in patients with DM, NOAC:s significantly reduced cardiovascular death versus

warfarin use (Risk Ratio 0.83, 95% CI 0.72-0.96; p = 0.01).>°
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Figure 3. Anticoagulation in patients with diabetes mellitus and atrial fibrillation. Pooled event
rates of the various outcome measures from phase Il trials comparing non-vitamin K antagonist
oral anticoagulants (blue) versus warfarin (red) for the treatment of patients with diabetes and atrial
fibrillation. RR , risk ratio.

To date, no data on a direct comparison among different NOACs in diabetic patients are available;
therefore, the choice of NOAC type in patients with DM is not supported by specific evidence, but
should refer to general principles and take into account the co-morbidities associated with DM.

According to the above-mentioned data, in Table 3 we suggest antithrombotic strategies for AF

patients with DM.
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2. Hypothesis and Aims

2.1. Hypothesis

We hypothesized that clinical features and risk of cardiovascular disease may vary within subjects
affected by different metabolic disorders. The contemporary epidemiological investigation of
cardiovascular complications in metabolic disorders allows better risk stratification in order to

optimize treatment strategies.

2.2. Overall aim

The overall aim of this Ph.D. project was to investigate the prognostic impact of metabolic

disorders and their related therapies on cardiovascular health in the current era.

2.3. Specific aims

4. to investigate causes of death and their associated risk factors in type 2 diabetes

patients with or without established cardiovascular disease
To this aim, we performed a cause-of-death analysis among patients enrolled in SAVOR-TIMI 53
and used the competing-risk methodology to identify independent predictors of cardiovascular
death and non-cardiovascular death. In addition, we aimed to describe features associated
specifically with sudden cardiac death in diabetes.

5. to investigate the impact of metabolic disease on cardiovascular outcomes in a
particular subset of patients, a contemporary cohort of subjects after an acute
coronary syndrome

To this aim, we aimed to assess long-term cardiovascular risk associated with the presence of the
metabolic syndrome or diabetes mellitus among patients recently hospitalized with an acute
coronary syndrome using data from the SOLID-TIMI 52 trial.

6. to investigate the risk of thromboembolic complications in patients with atrial
fibrillation and diabetes
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To this aim, we explored the differential prognostic weight of diabetes on insulin therapy versus no
insulin therapy on thromboembolic events in patients with AF using data from a multicenter,

European AF registry called PREFER in AF.

4. to assess cardiovascular safety (a composite of cardiovascular death, myocardial
infarction, or stroke, and new-onset atrial fibrillation or flutter) of odanacatib, a cathepsin

K inhibitor for the treatment of postmenopausal osteoporosis

To this aim, the anti-fracture efficacy and safety of odanacatib in postmenopausal women with
osteoporosis was assessed in the Long-term Odanacatib Fracture Trial (LOFT) and its extension

study (LOFT Extension).
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. Specific aim 1: to investigate causes of death and their associated risk
factors in type 2 diabetes patients with or without established

cardiovascular disease

Cavallari I, Patel RB, Bhatt DL, Steg PG, Leiter LA, McGuire DK, Mosenzon O, Kanevsky E, Im K, Raz
I, Braunwald E, Scirica BM. Causes of Death and Their Associated Risk Factors in Type 2 Diabetes
Patients With or Without Established Atherosclerotic Cardiovascular Disease: A Competing-Risk
Analysis from the SAVOR-TIMI 53 Trial. Submitted for publication.

3.1. Background

The prevalence of type 2 diabetes (T2D) continues to increase throughout the world. The
International Diabetes Federation estimates that 425 million people have diabetes and are thus at
risk for its complications, including disability, reduced quality of life, and premature death.*
The rate of death among patients with T2D is approximately twice as high as that among people
without T2D.>*>* More than half the mortality and a substantial proportion of the associated
morbidities in T2D is due to cardiovascular (CV) complications.

Data from a large cohort study showed that the excess risk of death, myocardial infarction or
stroke among patients with T2D has a graded association with five CV risk-factors, such that
when all five are within the clinical target range, the excess risk associated with T2DM is no
longer evident.®® Given the benefit of aggressive and comprehensive CV risk factor
management, and the potential to change the natural history of T2D through newer glucose
lowering agents that reduce cardiovascular risk, an assessment of the causes of death and
clinical factors associated with specific categories of death in the contemporary era may aid the
management of patients with T2D and identify a high-risk subgroup that could benefit from
close monitoring and targeted treatment strategies.””*® To date, specific causes of death and
their actual risk factors in a contemporary cohort of patients with T2D with or without

established atherosclerotic cardiovascular disease (ASCVD) have not been well described.
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The Saxagliptin Assessment of Vascular Outcomes Recorded in Patients with Diabetes
Mellitus-Thrombolysis in Myocardial Infarction 53 (SAVOR-TIMI 53) trial, which investigated
cardiovascular efficacy and safety of saxagliptin, a DPP-4 inhibitor, when added to standard of
care in >16,000 patients with T2D, represents a unique opportunity to analyze causes of
mortality in T2D.>®

In the present study, we performed a cause-of-death analysis among patients enrolled in
SAVOR-TIMI 53 and used the competing-risk methodology to identify independent predictors

of CV death and non-CV death. In addition, we aimed to describe features associated

specifically with sudden cardiac death (SCD) in diabetes.

3.2. Methods

Study Design and Population

SAVOR-TIMI 53 was a randomized, double-blind, placebo-controlled trial to assess the
cardiovascular efficacy and safety of saxagliptin, a DPP-4 inhibitor, when added to standard of
care in patients with T2D.>® The trial was designed by the TIMI Study Group and Hadassah
Medical Organization in conjunction with AstraZeneca and Bristol-Myers Squibb.

The study population of the SAVOR-TIMI 53 trial included 16,492 patients with T2D (HbAlc
between 6.5% and 12.0%) and either established ASCVD (N=12,825, 78%) or multiple risk
factors for ASCVD (N=3,667, 22%). To be included in the established ASCVD disease cohort,
patients had to be at least 40 years old and have a history of a clinical event secondary to
atherosclerosis involving the coronary, cerebrovascular, or peripheral artery systems. Patients in
the multiple risk factor cohort had to be at least 55 years old (men) or 60 years old (women) and
have at least one of the following risk factors for atherosclerosis: dyslipidemia, hypertension, or
active smoking. The full eligibility criteria of the trial have been reported previously.®® The
median follow-up was 2.1 years. The primary safety and efficacy outcome was a composite of

CV death, myocardial infarction (Ml), or ischemic stroke.
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Blood samples for biomarkers measurements were collected at baseline in approximately
12,500 participants. Plasma and serum were carefully separated on site and stored at -20°C or
colder until shipped to the central laboratory on dry ice, where they were stored at -70°C or
colder until thawed for analysis. Serum N-terminal pro brain natriuretic peptide (NT-proBNP)
concentrations were measured using a sandwich immunoassay (proBNP I, Roche Diagnostics,
Indianapolis, IN). Plasma high-sensitivity troponin T (hsTnT) was measured with an

electrochemiluminescent immunoassay assay (Roche Diagnostics). C-reactive protein (CRP)

was measured with an enhanced immuno-turbidimetric assay (Roche Diagnostics).

Death Events

A Clinical Events Committee comprising specialists in cardiovascular medicine, unaware of the
study group assignments, adjudicated the cause for all deaths and classified them as CV death
and non-CV death, based on the Standardized Definitions for End Point Events in
Cardiovascular Trials.>*®* SCD refers to a death that occurs unexpectedly in a previously stable
patient and includes the following deaths: witnessed death, without symptoms or within 60
minutes of the onset of new or worsening symptoms; death attributed to an identified
arrhythmia; death after unsuccessful resuscitation from cardiac arrest or after successful
resuscitation without identification of a non-cardiac etiology; unwitnessed death without other
evident cause of death. For the purpose of the present analyses, two physicians (I.C. and R.B.P.)
further reviewed source documents of all adjudication-confirmed SCD events to abstract

additional clinical data.

Statistical Analysis
Baseline characteristics of patients who died during follow-up were compared with those alive
using a y° test for categorical variables or Kruskal Wallis test for continuous variables. Two-

year cumulative incidence rates were used to estimate the incidence of each type of death.® The
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crude associations between mortality and different baseline variables were first quantified by
univariable Cox regression. All covariates that reached a significance level of P <0.10 in
univariable regression or the risk factors traditionally known to be associated with mortality
regardless of initial significance level (i.e., sex, body mass index, duration of diagnosed
diabetes, fasting serum glucose, HbAlc, retinopathy, estimated glomerular filtration rate
[eGFR] <50 ml/min/1.73m® and insulin treatment) were then included in a multivariable
regression model. A backwards selection method was applied to obtain a final model (P for
retention in the model <0.05). A Cox proportional hazards regression analysis was used to
identify variables independently associated with overall mortality. We performed a competing
risk analysis based on the proportional hazards model for the subdistribution of competing
risks.?#% Competing risks occur frequently in the analysis of survival data; indeed, in a study
examining time to death attributable to cardiovascular causes, death attributable to non-
cardiovascular causes is a competing risk as the occurrence of non cardiovascular death will
preclude the occurrence of cardiovascular death. When fitting regression models in the presence
of competing risks, there are two different families of models: the Fine and Gray model which
allows us to estimate the effect of covariates on the cumulative incidence function for the each
competing risk or the cause-specific hazard which models the effect of covariates on the cause-
specific hazard of the outcome.®*®® As the aim of analysis is to make inferences about the
association of clinical parameters on the incidence of death, Fine and Gray model would be
more appropriate.** However, a sensitivity analysis using a cause-specific hazard model was
also conducted.®? Additional sensitivity analyses included available cardiac and inflammatory

biomarkers in each model. Statistical analysis was performed using SAS statistical software

version 9.4 (SAS Institute Inc) and R software (www.r-project.org).
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3.3. Results

Among 16,492 patients with T2D followed for a median of 2.1 years, there were 798 deaths
with 66.3% (N=529) classified as CV death and 33.7% (N=269) as non-CV death. Two-year
cumulative incidence rates were 3.0% for CV death and 1.5% for non-CV death. SCD
accounted for the majority of CV death (N=240; 30.1% of total deaths) followed by presumed
CV death or other CV causes not related to cerebrovascular events or acute MI (N=106; 13.3%),
and death for heart failure (N=84; 10.5%). Malignancy was the most frequent cause of non-CV
death (N=111; 13.9% of total deaths) followed by infections (N=74; 9.3%). Figure 1 reports
detailed information about causes of death in the entire population enrolled in the study.

Among 12,825 patients with T2D with established CV disease, there were 671 deaths (two-year
cumulative incidence rate 5.10%) distributed as follows: 68.3% CV death (N=458) and 31.7%
non-CV death (N=213). Two-year cumulative incidence rates were 3.51% for CV death and
1.59% for non-CV death. SCD accounted for the majority of CV death (N=203; 44.3%)
(Supplemental Figure 1A). Among 3,667 patients with T2D without established CV disease but
with multiple CV risk factors, there were 127 deaths (two-year cumulative incidence rate
2.61%) distributed as follows: 55.9% CV death (N=71) and 44.1% non-CV death (N=56). Two-
year cumulative incidence rates were 1.54% for CV death and 1.07% for non-CV death
(Supplemental Figure 1B). SCD accounted for the majority of CV death (N=37; 52.1%). Figure
2 reports the incidence of each cause of death comparing patients with T2D with established CV
disease and those with multiple CV risk factors. Among the two cohorts, the incidence of the
above-mentioned causes of death was comparable except for acute MI that was more frequently
the cause of death in patients with established CV disease, and for malignancy that was more
frequently cause of death in patients with multiple CV risk factors.

Patient characteristics according to vital status are summarized in Table 1. Patients who died

were more likely to be older, have longer duration of diagnosed T2D, higher baseline HbAlc
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and be on insulin therapy (P<0.05 for all comparisons). In addition, they had higher prevalence
of macrovascular and microvascular complications.

Independent correlates of overall mortality are reported in Table 2. Older age (hazard ratio [HR]
per 5 years 1.26), prior heart failure (HR 2.04), albuminuria defined as albumin to creatinine
ratio >3.4 mg/mmol (HR 1.84), eGFR<50 ml/min/1.73m? (HR 1.80), peripheral artery disease
(PAD) (HR 1.88), higher heart rate (HR per 5 bpm 1.10), prior MI (HR 1.44) and higher HbAlc
(HR per 1% 1.11) at baseline were significantly associated with overall mortality (all P
values<0.001). On the other hand, BMI, diagnosed duration of diabetes, fasting serum glucose,

CAD without prior MI, retinopathy and insulin use were not found to be independent predictors

of all-cause death.

Clinical Factors Associated with Specific Causes of Death in Type 2 Diabetes

Clinical factors associated with different causes of death are reported in Tables 3 and 4. The
following predictors exhibited relatively large magnitude of association with incidence of CV
death: prior heart failure (subdistribution hazard ratio [SHR] 2.49), older age (SHR per 5 years
1.24), albuminuria (SHR 1.98), PAD (SHR 1.94), eGFR <50 ml/min (SHR 1.71), prior MI
(SHR 1.57), higher HbAlc (SHR per 1% 1.11), higher heart rate (SHR per 5 bpm 1.08), male
sex (SHR 1.37) and insulin use (SHR 1.23) (all P values <0.05). SCD and other types of CV
death shared the same predictors.

Older age (SHR per 5 years 1.28), higher heart rate (SHR per 5 bpm 1.13), eGFR <50 ml/min
(SHR 1.78), albuminuria (SHR 1.59), prior ischemic stroke (SHR 1.66) and PAD (SHR 1.61)
were found to be independently associated with non-CV death (all P values <0.05).

A sensitivity analysis using cause-specific hazard models was conducted and results were

generally consistent (Supplemental Table 1).

Biomarkers
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At baseline, abnormal NT-proBNP (>125 pg/ml if <75 years or >450 pg/ml if >75 years),
hsTnT (>14 pg/ml, the 99™ percentile upper reference limit value) and CRP (>3mg/l)
concentrations were detected in 74.6%, 73.9% and 74.6% of the participants. Elevated levels of
each of these biomarkers were significantly associated with all causes of death, including non-
CV death (Supplemental Tables 2 and 3). In particular, elevated levels of NT-proBNP and
hsTnT were more significantly associated with CV death than clinical variables and elevated
CRP (SHR 2.82; 95% CI, 2.16-3.69 and SHR 2.46; 95% CI, 1.91-3.18, respectively, all P
values <0.001; Supplemental Table 2). Elevated levels of NT-proBNP and hsTnT were

confirmed significant predictors of all causes of death in both the primary and secondary

prevention cohorts.

Features of SCD in Type 2 Diabetes

Review of source documents revealed that the majority of SCD occurred out of hospital (81.2%)
and independent of location, medical resuscitation was attempted in 28.7% of patients with
SCD. For most of the deaths, detailed information was missing (Table 5). New or worsening
symptoms within 24 hours were reported for 28.3% of patients; the most frequent symptoms
were chest pain, dyspnea and nausea or vomiting. The presenting rhythm was documented in
only 15% of patients. A minority of patients underwent autopsy (N=26, 10.8%) and the most
common findings were ischemic heart disease and heart failure. In the primary prevention
cohort, the significantly associated independent correlates of SCD were higher HbAlc (SHR per
1% 1.34), prior heart failure (SHR 3.66) and eGFR <50 ml/min/1.73m? (SHR 2.35). In the
secondary prevention cohort, in addition to the above-mentioned factors, albuminuria (SHR
1.87), PAD (SHR 1.85), prior MI (SHR 1.49) and older age (SHR per 5 years 1.11) were

additional independent correlates of SCD.
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3.4. Conclusions

This post hoc analysis from SAVOR-TIMI 53 involving more than 16,000 patients with
T2D found that CVD remains the leading cause of death in a contemporary cohort of
patients with or at high risk for ASCVD. Approximately 1/3 of all deaths observed in the
present study met criteria for sudden death, regardless of whether patients did or did not
have established ASCVD. While excess mortality is associated with older age, worse
glycemic control, kidney complications including albuminuria, prior heart failure, PAD,
prior CV events (M1 or ischemic stroke) and elevated heart rate, biomarkers, especially
elevated levels of NT-proBNP and hs-TnT measured in a stable population, are strongly

associated with many causes of death, including non-CV death.

Prior studies have proposed specific risk prediction scores for CV disease in diabetes but
few have attempted to evaluate the best predictors of all-cause and CV mortality.*>"® For
example, the TIMI Risk Score for Secondary Prevention, previously validated in this
dataset, is a simple and well-calibrated risk prediction tool for the composite of CV death,
MI, or ischemic stroke in patients with T2D.” For analyses of death causes and its
prognostication, the principal limitations in many of the prior studies were small sample
sizes with relatively few deaths to evaluate, lack of adjudication for causes of death, and

the lack of a cause-specific mortality analysis.
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Diabetes is a known risk factor for SCD’ "® and it is estimated that about one-fifth of
SCDs occur in patients with diabetes such that of 400,000 events each year in the United
States, approximately 80,000 involve patients with diabetes.”*®° Our analysis found that
SCD accounts for the majority of CV death in patients with diabetes at high ASCVD risk
in both the primary and secondary prevention cohorts. This finding is in line with a recent
report from another cardiovascular safety trial including only patients with atherosclerotic
cardiovascular disease.®* Our data highlight the importance of early detection of additional
modifiable risk factors as well as further investigation regarding specific mechanisms
responsible for the increased risk of SCD among those with diabetes. Interestingly,
Balkau, et al. reported a graded risk of SCD according to glucose tolerance status (normal,

impaired glucose tolerance, and diabetes), advocating that assessing glucose parameters

could play a pivotal role in risk stratification.”®

SAVOR-TIMI 53 included a large cohort of patients (more than 12,000) with baseline
biomarkers measured, such as NT-proBNP, high-sensitivity troponin T, and CRP.#* When
included in the models, elevated biomarker concentrations (especially NT-proBNP and
high-sensitivity troponin T) were independently associated with all-cause mortality in
patients with or without established CV disease. These data are consistent with the post
hoc analysis from the BARI 2D (Bypass Angioplasty Revascularization Investigation in
Type 2 Diabetes) trial that examined the association between the hs-TnT and a composite
outcome of CV death, MI, or stroke in 2,285 patients with both T2D and stable ischemic

heart disease.®®
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The present study has several limitations including the fact that some variables potentially
associated with mortality were not available for inclusion in the models, such as baseline
LDL cholesterol, ECG or echocardiographic data (i.e., QT interval, left ventricular
gjection fraction) and history of diabetic neuropathy. The lack of autopsy in the majority
of patients who died prevents the exact ascertainment of cause of death, such that sudden
cardiac death may include some non-CV causes and thus bias results towards the null. As
with most clinical trials, especially given the ASCVD risk enrichment by trial design, the

population included in this analysis does not completely reflect the overall diabetes

population, therefore, limiting broader generalizability.

In conclusion, the major contributors to the risk of all-cause death in T2D were due to
cardiometabolic factors (including heart failure), kidney disease and malignancy.
Biomarkers, especially NTproBNP and hsTnT, were strongly associated with overall
mortality and therefore did not aid in discriminating between types of death. With the
identification of glucose lowering agents that reduce all-cause and CV mortality, better
understanding of the strongest correlates of death in T2D may help in identifying patients

who are likely to achieve the greatest potential reductions in the risk of death.
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3.5. Tables

Table 1. Baseline Characteristics According to Vital Status

Characteristics

Patients Alive
at the End of

Patients who Died During Follow-up

Follow-up CV Death Non-CV Death
(N=15694) (N=529) (N=269)
Age, yrs, median (IQR) 65 (60-71) 69 (62-75)* 69 (63-75)*
Male Sex, n (%) 10478 (66.8) 380 (71.8)* 179 (66.5)
BMI, kg/m?, median (IQR) 30.5 (27.3-34.5) 30.1 (26.7-34.5) 30.3 (26.6-33.6)
Hypertension, n (%) 12830 (81.8) 432 (81.7) 230 (85.5)
Dyslipidemia, n (%) 11169 (71.2) 367 (69.4) 203 (75.5)
Current Smoking, n (%) 2106 (13.4) 71 (13.4) 42 (15.6)
Duration of Diabetes, yrs, median (IQR) 10.3 (5.2-16.5) 13.0 (7.5-20.2)* 10.6 (6.4-18.6)*
HbA1c, (%), median (IQR) 7.6 (6.9-8.7) 8.0 (7.1-9.2)* 7.7 (7.0-8.8)
Fasting Serum Glucose, n (%)
<126 mg/dI 4768 (31.9) 163 (33.0) 85 (33.9)
126-220 mg/dl 8399 (56.2) 259 (52.4) 126 (50.2)
> 220 mg/dl 1785 (11.9) 72 (14.6) 40 (15.9)
Insulin Use, n (%) 6375 (40.6) 289 (54.6)* 122 (45.4)
Established Atherosclerotic Disease, n (%) 12271 (78.2) 468 (88.5)* 220 (81.8)
Com‘z‘%gfg‘m%i‘ifjﬁa:‘(’; - 5878 (37.5) 259 (49.0)* 100 (37.2)
Peripheral Artery Disease, n (%) 1804 (11.5) 105 (19.8)* 49 (18.2)*
Prior Ischemic Stroke, n (%) 1967 (12.5) 73 (13.8) 54 (20.1)*
Prior Heart Failure, n (%) 1900 (12.1) 162 (30.6)* 43 (16.0)
Heart Rate, median (IQR) 70 (63-77) 71 (64-79)* 73 (65-81)*
eGFR < 50 ml/min, n (%) 2316 (14.8) 176 (33.3)* 84 (31.2)*
Albuminuriaf, n (%) 5621 (37.4) 304 (61.5)* 139 (54.7)*
Retinopathy, n (%) 1908 (12.2) 90 (17.0)* 39 (14.5)
hsTnT > 14 pg/mlt, n (%) 4406 (38.0) 310 (76.2)* 124 (63.9)*
NT-proBNP > cutoft}, n (%) 5414 (46.3) 333 (81.0)* 139 (70.6)*
C-Reactive Protein > 3 mg/I§, n (%) 4749 (40.6) 227 (55.2)* 110 (55.6)*

Values are reported as n (%) or median (interquartile range, IQR).

*P value <0.05 for comparison vs. alive.

YJAlbuminuria is defined as Albumin to Creatinine Ratio >3.4 mg/mmol. Data were available for 15760 patients.
¥ 14 pg/ml represents the 99" percentile upper reference limit value.
1 Cutoff was 125 pg/ml for patients < 75 years and 450 pg/ml for patients > 75 years.
§ 3 mg/l represents the 99" percentile upper reference limit value.
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Table 2. Correlates of Overall Mortality in Type 2 Diabetes Ordered by

(Cox Proportional Hazard Model, Multivariate Analysis)

Variables HR 95% CI P Value
Age (per 5 years) 1.26 1.21-1.32 <0.001
Prior heart failure 2.04 1.72-2.41 <0.001
Alb umi;;: ;Ziﬁ?le Ratio 1.84 1.58-2.14 <0.001
eGFR <50 ml/min 1.80 1.53-2.12 <0.001
Peripheral artery disease 1.88 1.56-2.25 <0.001
Heart rate (per 5 bpm) 1.10 1.06-1.13 <0.001
CAD and prior Ml 1.44 1.24-1.68 <0.001
HBALc (per 1%) 1.11 1.05-1.16 <0.001
Male 1.30 1.11-1.53 0.001
Prior ischemic stroke 1.35 1.11-1.65 0.003

Sample size of 15,691 patients.
Candidate variables tested in the model but non-significant: BMI (per 1 kg/m?), duration of diabetes (>10 vs. <10
years), fasting serum glucose (=150 vs. <150 mg/dl), CAD without prior Ml, retinopathy and insulin.
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Table 3. Correlates of Cardiovascular Mortality in Type 2 Diabetes Ordered by y° (Fine-Gray

Subdistribution Hazard Models, Multivariate Analysis)

Variables SHR 95% CI P Value
Prior heart failure 2.49 2.03-3.04 <0.001
Age (per 5 years) 1.24 1.17-1.32 <0.001
Alb“m;.tz ;Z‘:l';':le Ratio 1.98 1.63-2.40 <0.001
Peripheral artery disease 1.94 1.55-2.43 <0.001
¢GFR <50 ml/min 1.71 1.39-2.11 <0.001
CAD and prior Ml 1.57 1.30-1.90 <0.001
HBALc (per 1%) 1.11 1.04-1.19 0.001
Heart rate (per 5 bpm) 1.08 1.03-1.13 0.001
Male 1.37 1.11-1.67 0.003
Insulin 1.23 1.02-1.49 0.030

Sample size of 15,691 patients.

Candidate variables tested in the model but non-significant: BMI (per 1 kg/m?), duration of diabetes (=10 vs. <10
years), fasting serum glucose (>150 vs. <150 mg/dl), CAD and no prior Ml, prior ischemic stroke and retinopathy.
SHR=Subdistribution Hazard Ratio.
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Table 4. Correlates of Non-Cardiovascular Mortality in Type 2 Diabetes Ordered by ¥* (Fine-Gray

Subdistribution Hazard Models, Multivariate Analysis)

Variables SHR 95% ClI P Value

Age (per 5 years) 1.28 1.19-1.38 <0.001
Heart rate (per 5 bpm) 1.13 1.07-1.20 <0.001
eGFR <50 ml/min 1.78 1.35-2.36 <0.001
Albumizn;z ;rg‘jf:lirr;i:f Ratio 1.59 1.23-2.05 <0.001
Prior ischemic stroke 1.66 1.22-2.27 0.001
Peripheral artery disease 1.61 1.17-2.22 0.004

Sample size of 15,749 patients.

Candidate variables tested in the model but non-significant: sex, BMI (per 1 kg/m?), duration of diabetes (>10 vs. <10
years), fasting serum glucose (=150 vs. <150 mg/dl), HBAlc (per1%), CAD and prior MI, CAD without prior MI, prior
heart failure, retinopathy and insulin.

SHR=Subdistribution Hazard Ratio.
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Table 5. Features of Sudden Cardiac Death in Type 2 Diabetes

Yes No Unknown
Out-of-hospital 195 (81.2) 35 (14.6) 10 (4.2)
Witnessed 93 (38.8) 85 (35.4) 62 (25.8)
During sleep 41 (17.1) 111 (46.2) 88 (36.7)
New or worsening symptoms within 24 hours 68 (28.3) 49 (20.4) 123 (51.3)
Attempted resuscitation 69 (28.7) 107 (44.6) 64 (26.7)
Autopsy 26 (10.8) 214 (89.2) -

Values are reported as n (%).
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Table 1 Appendix. Predictors of Cardiovascular and Non-Cardiovascular Mortality in Type 2

Diabetes Ordered by XZ (Cause-specific Hazard Models, Multivariate Analysis)

Cardiovascular Mortality (n=15,691)

Variables CSHR 95% ClI P Value
Prior heart failure 2.48 2.03-3.02 <0.001
Age (per 5 years) 1.24 1.18-1.31 <0.001
A'b“m;f ri;i';':le Ratio 2,01 1.66-2.43 <0.001
Peripheral artery disease 2.05 1.64-2.57 <0.001
eGFR <50 ml/min 1.78 1.45-2.18 <0.001
CAD and prior Ml 1.78 1.43-2.23 <0.001
HBALc (per 1%) 1.13 1.06-1.20 <0.001
Heart rate (per 5 bpm) 1.08 1.04-1.13 <0.001
Male 1.34 1.10-1.64 0.004
CAD without prior Ml 1.31 1.01-1.70 0.039

Non-Cardiovascular Mortality (n=15,749)

Age (per 5 years) 1.29 1.19-1.39 <0.001
Heart rate (per 5 bpm) 1.14 1.08-1.20 <0.001
e¢GFR <50 ml/min 1.82 1.38-2.41 <0.001

Albumin to Creatinine Ratio

1.62 1.26-2.09 <0.001

>3.4 mg/mmol
Prior ischemic stroke 1.68 1.23-2.30 0.001
Peripheral artery disease 1.65 1.19-2.27 0.002

CSHR=Cause Specific Hazard Ratio
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Table 2 Appendix. Predictors of Cardiovascular Mortality in Type 2 Diabetes Ordered by %* (Fine-

Gray Subdistribution Hazard Models, Multivariate Analysis Including Biomarkers)

Variables SHR 95% CI P Value
A 216360 | <0001
hsTnT >14 pg/ml 2.46 1.91-3.18 <0.001
Age (per 5 years) 1.22 1.14-1.31 <0.001
Prior heart failure 1.91 1.53-2.39 <0.001
Peripheral artery disease 1.81 1.41-2.34 <0.001
C-Reactive Protein >3 mg/I 1.42 1.16-1.74 <0.001
A'b”mi;;z ;;iﬁ?le Ratio 1.44 1.15-1.80 0.001
CAD and prior Ml 1.40 1.13-1.72 0.002
Heart rate (per 5 bpm) 1.08 1.03-1.13 0.003
HBALc (per 1%) 1.09 1.02-1.17 0.017

Sample size of 11,689 patients.

Candidate variables tested in the model but non-significant: sex, BMI (per 1 kg/m?), duration of diabetes (=10 vs. <10
years), fasting serum glucose (>150 vs. <150 mg/dl), CAD without prior MI, prior ischemic stroke, retinopathy, eGFR

<50 ml/min and insulin.
SHR=Subdistribution Hazard Ratio.
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Table 3 Appendix. Predictors of Non-Cardiovascular Mortality in Type 2 Diabetes Ordered by

(Fine-Gray Subdistribution Hazard Models, Multivariate Analysis Including Biomarkers)

Variables SHR 95% CI P Value
Age (per 5 years) 1.25 1.14-1.36 <0.001
NT-proBNP >cutoff
(125 pg/ml if <75 yrs, 450 pg/ml if >75 2.07 1.49-2.88 <0.001
yrs)

Heart rate (per 5 bpm) 1.13 1.06-1.20 <0.001
eGFR <50 ml/min 1.61 1.15-2.25 0.005
hsTnT >14 pg/ml 1.57 1.13-2.19 0.007

C-Reactive Protein >3 mg/I 1.43 1.07-1.92 0.016
Albumin to Creatinine Ratio
1.42 1.06-1.90 0.02
>3.4 mg/mmol
CAD without prior Ml 0.67 0.46-0.98 0.04

Sample size of 11,722 patients.

Candidate variables tested in the model but non-significant: sex, BMI (per 1 kg/m?), duration of diabetes (=10 vs. <10
years), fasting serum glucose (>150 vs. <150 mg/dl), HbAlc (per 1%), prior heart failure, CAD without prior MI, PAD,
prior ischemic stroke, retinopathy and insulin.

SHR=Subdistribution Hazard Ratio.
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3.6. Figures

Figure 1. Causes of Death in Type 2 Diabetes.
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Figure 2. Causes of Death in Type 2 Diabetes Patients With Multiple Cardiovascular Risk Factors

and in Those With Established Cardiovascular Disease.
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CVD=Cardiovascular Disease; RF=Risk Factors; SCD=Sudden Cardiac Death.
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Supplementary Figure 1. Cumulative Incidence of Competing Risk of Mortality in Type 2
Diabetes Patients A) With Established Cardiovascular Disease and in Those With B) Multiple

Cardiovascular Risk Factors.
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4. Specific aim 2: to investigate the impact of metabolic disease on
cardiovascular outcomes in a particular subset of patients, a contemporary

cohort of subjects after an acute coronary syndrome

Cavallari 1, Cannon CP, Braunwald E, Goodrich EL, Im K, Lukas MA, O'Donoghue ML. Metabolic
syndrome and the risk of adverse cardiovascular events after an acute coronary syndrome. Eur J Prev
Cardiol. 2018 May;25(8):830-838.

4.1 Background

The metabolic syndrome is described as a constellation of physiological risk factors for
atherogenesis that occur to a greater degree together than expected by chance and increase an
individual’s risk of developing heart disease.*® In the United States, it is estimated that the
metabolic syndrome affects approximately 35% of adults and nearly 50% of those aged 60 years or
older.® Since 2007, the prevalence of the metabolic syndrome overall appears to have remained
stable and to have declined in women, which may be a consequence of initiatives designed to

optimize modifiable risk factors.®

The incremental value of identifying the presence of the metabolic syndrome beyond individual risk
factors as a predictor of cardiovascular events has been debated for many years. A large meta-
analysis of 87 studies including 951083 patients demonstrated that the metabolic syndrome is
associated with a 2-fold increase in risk of cardiovascular mortality, myocardial infarction (MI) and
stroke and a 1.5-fold increase in the risk of all-cause mortality.2® Nevertheless, some have argued
that the association between the metabolic syndrome and cardiovascular risk is primarily explained
by type 2 diabetes mellitus that is present in a large proportion of individuals who meet the
metabolic syndrome definition.®” To that end, cardiovascular disease remains the most common

cause or morbidity and mortality in diabetes.®®*® To date, no firm conclusion has been made
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regarding the incremental prognostic value of assessing the presence of the metabolic syndrome in

patients after an acute coronary syndrome (ACS), including those with established diabetes.

In the present study, we aimed to assess long-term cardiovascular risk associated with the presence

of the metabolic syndrome or diabetes mellitus among patients recently hospitalized with an ACS.

4.2 Methods

Study Design and Population

SOLID-TIMI 52 (ClinicalTrials.gov identifier: NCT01000727) was a randomized, double-blind,
placebo-controlled trial to assess the long-term cardiovascular efficacy and safety of darapladib, a
selective inhibitor of the lipoprotein-associated phospholipase A, (Lp-PLA;) enzyme, when added

to a background of optimal medical therapy within 30 days of hospitalization for an ACS.*°

The study population of SOLID-TIMI 52 trial included 13026 patients who had been hospitalized
with an ACS event in the 30 days prior to randomization (unstable angina, non—ST-elevation M,
and ST-elevation MI). All participants were required to have at least one additional predictor of
cardiovascular risk including age of at least 60 years, history of MI prior to the qualifying event,
significant renal dysfunction (estimated glomerular filtration rate [eGFR] 30-59 ml/min/1.73 m?),
diabetes mellitus requiring pharmacotherapy or polyvascular disease (including carotid or

peripheral arterial disease). The full eligibility criteria of the trial have been reported previously.™

Patients were followed for a median of 2.5 years. The primary endpoint was time to first major
coronary event (MCE), defined as the composite of coronary heart disease death, MI or urgent
coronary revascularization for myocardial ischemia. All reported deaths, cardiac ischemic events,
cerebrovascular events, and heart failure hospitalizations were adjudicated by an independent and
blinded clinical events committee. Post-randomization diagnosis of new-onset diabetes was based

on one of the five following criteria confirmed by a repeated measurement: fasting plasma glucose
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>126 mg/dl; random plasma glucose >200 mg/dl or oral glucose tolerance test 2-hour post load

glucose >200 mg/dl; glycated hemoglobin >6.5% or initiation of an anti-diabetes medication.
Definition of Metabolic Syndrome

The presence of metabolic syndrome and its 5 components according to 2005 International Diabetes
Federation (IDF) definition were assessed in all patients with available data at baseline.” In brief,
the IDF clinical definition of metabolic syndrome makes the presence of abdominal obesity
necessary for diagnosis (waist circumference >94 cm in men and >80 cm in women for Europids or
BMI >30 kg/m?). When such is present, 2 additional risk factors such as hypertension (=130 mm
Hg systolic or >85 mmHg diastolic blood pressure), high triglycerides (>150 mg/dl), reduced HDL-
cholesterol levels (<40 mg/dl in men or <50 mg/dl in women) or elevated fasting glucose (>100

mg/dl, including diabetes) are sufficient for diagnosis.

A sensitivity analysis was performed using the 2004 revised National Cholesterol Education
Program (rNCEP) definition®® which does not require demonstration of insulin resistance, but the
presence of at least 3 out of 5 risk factors for establishing the diagnosis (abdominal obesity,
elevated blood pressure, elevated triglycerides, reduced HDL-cholesterol and elevated fasting
glucose). Supplementary Table 1 compares the two definitions used in this study. Since statin
therapy is routinely recommended in all patients after ACS regardless of lipid profile, the use of
lipid-lowering agents was not considered as satisfying the lipids abnormalities components of the

metabolic syndrome to avoid overestimation of its prevalence.

Statistical Analysis

Continuous variables are presented as mean * standard deviation and categorical variables are
presented as numbers and percentages. Baseline characteristics were compared using a x* test for

categorical variables or Wilcoxon-Mann-Whitney test for continuous variables. Cumulative event
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rates at 3 years following randomization were calculated by the complement of Kaplan—Meier
survival estimates. Cox proportional-hazards models were adjusted for age, sex, region (North
America vs other countries), baseline LDL-cholesterol, current smoking, prior MI, eGFR <60
ml/min/1.73 m? and type of index ACS (STEMI vs NSTE-ACS). In order to assess the relative
prognostic value of each of the individual 5 metabolic risk factors included in the definition of
metabolic syndrome, an additional Cox proportional hazards models adjusted for the
aforementioned variables plus the remaining 4 metabolic risk factors. The metabolic syndrome was
further examined by categorizing four mutually exclusive groups: presence and absence of
metabolic syndrome in patients with and without diabetes mellitus. The significance level was set at

a=0.05. All reported p-values are two-sided. Statistical analysis was performed using SAS

statistical software version 9.4 (SAS Institute Inc. Cary, NC USA).
4.3 Results

Of the 13026 patients enrolled in the SOLID-TIMI 52, 12238 patients provided sufficient baseline
data to ascertain all the components of the metabolic syndrome. At baseline, 61.6% (n=7537) of
patients met the definition for metabolic syndrome, 34.7% (n=4247) had diabetes mellitus and
29.3% had both diabetes and metabolic syndrome (n=3584). Patient characteristics according to the
presence or absence of the metabolic syndrome are summarized in Table 1. In general, individuals
with metabolic syndrome were more likely to be younger, female, have a higher BMI, have
hypertension, diabetes, higher baseline concentrations of LDL-cholesterol, impaired renal function,
and a history of MI before the index event. In addition, patients with metabolic syndrome were
more likely to be at high-risk of sleep apnea according to the Berlin questionnaire (45.9% vs.

24.1%:; p<0.0001).%

During long-term follow-up, the presence of metabolic syndrome was associated with an increased
risk of MCE (adj HR 1.29, 95% CI 1.16-1.43; p<0.0001), including an increased risk of the

individual components of coronary heart disease death (adj HR 1.29, 95% CI 1.05-1.60; p=0.017),
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MI (adj HR 1.30, 95% CI 1.14-1.49; p<0.0001), urgent coronary revascularization (adj HR 1.23,
95% CI 1.004-1.52; p=0.045), and all-cause death (adj HR 1.23, 95% CI 1.05-1.44; p=0.012).
Metabolic syndrome was associated with a directionally consistent increase in the risk of stroke that
was not statistically significant (adj HR 1.29, 95% CI 0.99-1.68; p=0.06) (Figure 1). These results
were confirmed when the analysis was restricted to patients in the placebo arm of the trial
(Supplementary Table 2). In addition, in 7991 patients without diabetes at baseline, the presence of
metabolic syndrome was associated with nearly a 3-fold higher risk of developing new-onset
diabetes mellitus during follow-up, compared with those without metabolic syndrome (7.7% vs.

3.2% at 3 years; adj HR 2.77, 95% CI 2.20-3.49; p<0.0001).

When the 5 metabolic risk factors included in the IDF definition of metabolic syndrome were
analyzed independently in separate models that were adjusted for other risk factors, the presence of
fasting plasma glucose >110 mg/dl (adj HR 1.21, 95% CI 1.07-1.37; p=0.002) or diabetes mellitus
(adj HR 1.48, 95% CI 1.34-1.63; p<0.0001) were associated with a higher risk of MCE. The
presence of hypertension was associated with higher risk of MCE (adj HR 1.46, 95% CI 1.27-1.69;
p<0.0001; Figure 2). In contrast, abdominal obesity, elevated triglycerides and reduced HDL-C

were not independently associated with the risk of MCE in this population (Figure 2).
Metabolic Syndrome and Cardiovascular Risk According to Diabetes Status

Patients were stratified according to the presence or absence of both metabolic syndrome and
diabetes mellitus at baseline. Of these, 29.3% (N=3584) had metabolic syndrome and diabetes,
32.3% (N=3953) had metabolic syndrome alone, 5.4% had diabetes without evidence of metabolic
syndrome (N=663), and 33.0% (N=4038) were non diabetics without metabolic syndrome. In
patients without diabetes, metabolic syndrome was numerically but not significantly associated with
a higher risk of MCE (adj HR 1.13, 95% CI 0.99-1.29; p=0.06, C-statistic 0.631; Figure 3) or
recurrent Ml (adj HR 1.09, 95% CI 0.92-1.28; p=0.32; Figure 4) as compared to those without the

metabolic syndrome.
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Conversely, diabetes was a strong independent predictor of MCE (adj HR 1.57, 95% CI 1.27-1.95;
p<0.0001, C-statistic 0.643; Figure 3) and recurrent Ml (adj HR 1.38, 95% CI 1.04-1.83; p=0.026;
Figure 4) in the absence of metabolic syndrome. The presence of both diabetes and metabolic
syndrome identified patients at highest risk of adverse cardiovascular outcomes (adj HR 1.67, 95%
Cl 1.47-1.90; p<0.0001, C-statistic 0.634; Figure 3). However, in patients with diabetes, the
incremental risk of metabolic syndrome for MCE was not greater than with diabetes alone (adj HR
1.07, 95% CI 0.87-1.31; p=0.54 for MCE). These results were confirmed when the analysis was

restricted to patients in the placebo arm of the trial (Supplementary Table 3).
Sensitivity Analysis

According to the rNCEP definition,'° the prevalence of metabolic syndrome in the study population
was similar when compared to the IDF criteria (60.8% vs. 61.6%). The association between
metabolic syndrome and cardiovascular risk remained consistent when the rNCEP definition was
applied (Supplementary Table 4), although a stronger association was observed between metabolic
syndrome and the risk of stroke (adj HR 1.50, 95% CI 1.14-1.96; p=0.003). When patients were
stratified according to the presence of rNCEP-defined metabolic syndrome, the stratified results by
both metabolic syndrome and diabetes status yielded qualitatively similar results as we observed

with the other definition (Supplementary Figure 1).
4.4 Conclusions

The current study demonstrates that, in patients who have recently suffered an ACS, the presence of
metabolic syndrome is associated with the risk of adverse cardiovascular events, but this risk
appears to be primarily driven by the presence of diabetes mellitus. In contrast, a diagnosis of
metabolic syndrome on its own did not provide incremental information for risk stratification in this

population once diabetes history was considered.
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The term “metabolic syndrome” refers to a cluster of interrelated risk factors of metabolic origin
that appear to directly promote the development of atherosclerotic cardiovascular disease.”
Substantial evidence indicates that insulin resistance and hyperinsulinemia play fundamental roles
in risk-factor clustering and may causally contribute to pathways that increase the risk of adverse
cardiovascular outcomes. To that end, prolonged insulin resistance is believed to contribute to
worsening hypertension through several mechanisms, including an overactive sympathetic nervous
system, sodium retention, altered membrane ion transport and proliferation of vascular smooth

muscle cells.”*® Moreover, hyperinsulinemia increases liver production of VLDL and at the same

time reduces high-density lipoprotein production.*®

Previous studies have shown a significant association between metabolic syndrome and the risk of
cardiovascular events, including cardiovascular mortality, in patients without a known history of
coronary artery disease.?*'%1% Additional studies with varying durations of follow-up have not
observed an association of metabolic syndrome with adverse cardiovascular events in patients
undergoing percutaneous coronary intervention.'% % In the setting of ACS, the prognostic value of
assessing the presence of the metabolic syndrome as an integrated diagnosis is still uncertain. *%
In fact, the individual components of metabolic syndrome were shown to have varying relationships
with outcomes, perhaps influencing the observed incremental risk stratification.'®> % In addition,

some experts have argued that the value of including diabetes in the definition of metabolic

syndrome is questionable.?’

Thus far, data regarding the incremental prognostic value of assessing the presence of the metabolic
syndrome in patients with and without diabetes have been inconclusive.® 2 However, only few
studies investigated this issue in past ACS or pre-existing coronary artery disease. %2 1041137116 | the
GISSI-Prevenzione Trial including 11323 patients with recent MI, Levantesi et al.”** showed a

highly significant increase in the risk of major cardiovascular events during 3.5 years of follow-up

in patients with metabolic syndrome, irrespective of diabetes status, as compared with controls. Of
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note, patients with metabolic syndrome had a near two-fold increased risk of developing diabetes
during follow-up, slightly lower than the one reported in this study. On the other hand, Stern and
colleagues™'® examined a population of approximately 1000 subjects with cardiovascular disease
concluding that the effect of metabolic syndrome on cardiovascular mortality is primarily driven by
the inclusion of diabetes in the definition. In fact, when the multivariate model was adjusted for
diabetes the odds ratios for metabolic syndrome on mortality were substantially reduced and no
longer statistically significant, concordant with our results. Moreover, there was no effect of the
metabolic syndrome on either all-cause and cardiovascular mortality in diabetic subjects, whereas in
non-diabetics the effect was not statistically significant for either outcome. These uncertainties
remain in more contemporary studies including patients with coronary artery disease where the
presence of metabolic syndrome as an integrated diagnosis did not predict adverse cardiovascular
outcomes and results regarding the association between diabetes and subsequent cardiovascular
events are conflicting.’*'® Therefore, the present study adds evidence on this often debated topic
taking advantage of a large contemporary cohort of ACS patients enrolled between 2009 and 2014,

treated according to current standards (~85% underwent coronary angiography) and followed for a

median of 2.5 years.

This study should be evaluated in light of its strengths and limitations. The main strengths include
its large sample size, carefully phenotyped population and the duration of follow-up. All together it
is based on a total of 29324 patient-years of follow-up. In addition, all events were adjudicated by a
clinical events committee. One limitation was that 35.2% of baseline triglyceride assessments were
recorded as non-fasting; however, the use of non-fasting triglyceride measurements have been

supported by some.**’

Moreover, although statins have only limited effect on HDL cholesterol, one
cannot exclude that widespread use of statins attenuated the relationship between components of the
metabolic syndrome and CV risk. Finally, these data refer to a post-ACS population; therefore, our

findings may not apply to a primary prevention cohort. As well, the study population was enriched

2
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for patients with diabetes mellitus and other cardiovascular risk factors and therefore may not be

representative of an ACS population at large.

In conclusion, the presence of the metabolic syndrome is associated with the risk of subsequent
cardiovascular events in patients after ACS including all-cause mortality; however, this risk appears
to be largely driven by the presence of diabetes mellitus. In this population, the presence of the
metabolic syndrome provides only marginal incremental value for risk stratification in patients once
the presence or absence of diabetes is established but may potentially be useful for helping to
identify patients that could benefit from lifestyle modifications and closer monitoring of glycemic

status, 18120
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4.5 Tables

Table 1. Baseline Characteristics According to the Presence of Metabolic Syndrome as Defined

According to the 2005 International Diabetes Federation.

No Metabolic Syndrome

Metabolic Syndrome

(N=4701) (N=7537) p Value
Age, yrs, mean (SD) 65.2 (9.2) 63.5 (9.6) <0.0001
Female Sex, n (%) 831 (17.7) 2294 (30.4) <0.0001
Region, n (%)
North America 1205 (25.6) 1417 (18.8)
South America 268 (5.7) 644 (8.5) <0.0001
Western Europe 1345 (28.6) 2012 (26.7) '
Eastern Europe 1049 (22.3) 2602 (34.5)
Asia Pacific 834 (17.7) 862 (11.4)
BMI >30 kg/m?, n (%) 557 (11.8) 3280 (43.5) <0.0001
Waist Circumference, cm, mean (SD) 93.2 (11.8) 105.2 (11.8) <0.0001
Hypertension, n (%) 2660 (56.6) 6325 (83.9) <0.0001
Diabetes, n (%) 663 (14.1) 3584 (47.6) <0.0001
Current Smoking, n (%) 914 (19.5) 1406 (18.7) 0.28
Prior Myocardial Infarction, n (%) 1361 (29) 2434 (32.3) <0.001
Index Event, n (%)
Unstable Angina 453 (9.6) 1036 (13.7) <0.0001
Non-ST-Elevation Myocardial Infarction 1927 (41.0) 3272 (43.4) '
ST-Elevation Myocardial Infarction 2321 (49.4) 3229 (42.8)

High-risk of Sleep Apnea, n (%) 1126 (24.1) 3442 (45.9) <0.0001
LDL-cholesterol, mean (SD) 78.8 (30.9) 80.8 (34.4) 0.033
HDL-cholesterol, mean (SD) 48.2 (12.1) 40.9 (10.1) <0.0001

Triglycerides, mean (SD) 123.1 (60.9) 175.0 (105.8) <0.0001
eGFR <60mL/min/1.73m? n (%) 424 (9.0) 1011 (13.4) <0.0001
Concomitant Medical Therapy, n (%)
Aspirin 4528 (96.3) 7276 (96.5) 0.53
P2Y12 Inhibitor 4163 (88.6) 6623 (87.9) 0.26
Lipid-lowering agents 4442 (94.5) 7132 (94.6) 0.75
Beta Blocker 3974 (84.5) 6703 (88.9) <0.0001
ACE-inhibitor or ARB 3638 (77.4) 6483 (86.0) <0.0001

SD=Standard Deviation; BMI=Body Mass Index; eGFR=estimated Glomerular Filtration Rate; ACE=Angiotensin-

Converting Enzyme; ARB=Angiotensin 11 Receptor Blocker.
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Supplementary Table 1. Definitions of Metabolic Syndrome That Were Applied

IDF Definition

Increased waist circumference (population specific cutoffs)*

or BMI > 30 kg/m?plus any 2 of the following:

- Triglycerides >150 mg/dl;

Revised NCEP Definition

Any 3 of the following:

> 30 kg/m%|

‘Waist circumference >102 ¢cm in men and >88 c¢cm in women or BMI

- Triglycerides >150 mg/dl;

- HDL-c <40 mg/dl in men or <50 mg/dl in women;

- HDL-c <40 mg/dl in men or <50 mg/dl in women;

- Blood pressure >130/85 mmHg or previously diagnosed
hypertension;

- Blood pressure >130/85 mmHg or previously diagnosed
hypertension;

- Fasting plasma glucose > 100 mg/dl or previously diagnosed
diabetes

- Fasting plasma glucose > 100 mg/dl or previously diagnosed
diabetes

*>94 c¢cm in men and >80 cm in women for Europids; >102 cm
in men and >88 cm in women from United States; >90 cm in
men and >80 c¢cm in women for Asians.

4>90 cm in men and >80 cm in women for Asians.
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Supplementary Table 2. The 3-year Kaplan-Meier Event Rates in the Placebo Arm According to

the Presence or Absence of the Metabolic Syndrome as Defined According to the 2005

International Diabetes Federation.

No Metabolic Metabolic
Endpoint Syndrome Syndrome P Value
(N=2386) (N=3738)
Major Coronary Events 13.7% 17.2% 0.001
Coronary Heart Disease 3.8% 45% 019
Death
Myocardial Infarction 8.9% 11.3% 0.009
Urgent Coronary 3.2% 4.0% 0.34
Revascularization
Stroke 2.4% 3.0% 0.17
All-Cause Death 7.1% 7.2% 0.28
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Supplementary Table 3. The 3-year Kaplan-Meier Event Rates in the Placebo Arm and Adjusted

Hazard Ratios for Major Coronary Events According to the Presence or Absence of the Metabolic

Syndrome as Defined According to the 2005 International Diabetes Federation and Diabetes

Mellitus.
. DM-/MS- | DM-/MS+ DM+/MS- HR
Endpoint | \—o043) | (N=1987) HR (N=343) | Pvalue | DM*/MS+ HR
(N=1751)

Reference P value P value

Major 105 1.43 1.67
Coronary 13.2% 13.5% 0.87-126 16.6% (1.05-1.94) 21.3% (1.41-1.99)
Events ) P=0.022 P<0.0001

Hazard ratios are adjusted for age, sex, region, baseline LDL-cholesterol, current smoking, prior myocardial infarction,
eGFR <60 mL/min/1.73 m? and type of index acute coronary syndrome.
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Supplementary Table 4. Cardiovascular Risk Associated with Metabolic Syndrome.

Adj Hazard Ratio

Adj Hazard Ratio

(95% C1) Value (95% CI) Value

IDF Definition P Revised NCEP Definition P

(N=7537/12238) (N=7442/12238)
Major Coronary Events 1.29 (1.16-1.43) <0.0001 1.28 (1.15-1.41) <0.0001
Coronary Heart Disease Death 1.29 (1.05-1.60) 0.017 1.40 (1.13-1.73) 0.002
Myocardial Infarction 1.30 (1.14-1.49) <0.0001 1.30 (1.14-1.49) <0.0001
Urgent Coronary i 0.10
Revascularization 1.23 (1.004-1.52) 0.045 1.19 (0.97-1.46) :
Stroke 1.29 (0.99-1.68) 0.06 1.50 (1.14-1.96) 0.003
Cardiovascular Death 1.27 (1.04-1.55) 0.018 1.36 (1.11-1.66) 0.002
All-cause Mortality 1.23 (1.05-1.44) 0.012 1.24 (1.06-1.46) 0.007

Major coronary events include coronary heart disease death, MI or urgent coronary revascularization
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4.6 Figures

Figure 1. The 3-year Kaplan-Meier Event Rates and Adjusted Hazard Ratios for Cardiovascular
Events According to the Presence or Absence of the Metabolic Syndrome as Defined According to

the 2005 International Diabetes Federation.
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Adjusted for age, sex, region, baseline LDL-cholesterol, current smoking, prior MI, eGFR <60 mL/min/1.73 m? and
type of index ACS.
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Figure 2. The Adjusted Risk of Major Coronary Events Based on the Presence or Absence of the

Metabolic Syndrome Versus the Individual Components that Contribute to its Definition.

Adjusted HR (95% CI) P Value
Metabolic Syndrome N=7537 4— 1.29 (1.16-1.43) <0.0001
Abdominal Obesity N=8575 + 0.97 (0.86-1.09) 0.60
Hypertension N=10016 + 1.46 (1.27-1.69) <0.0001
Triglycerides > 150 mg/dl  N=4920 —‘— 1.08 (0.98-1.19) 0.14
HDL-c < 40 mg/dlin men or _
<50 mg/dl in women N=6099 ] ’ 0.99 (0.90-1.10) 0.90
Fasting Plasma Glucose _ .
=110 mg/dl N=2845 + 1.21 (1.07-1.37) 0.002
Diabetes N=4247 + 1.48 (1.34-1 63) <0.0001

oy
P —

Decreased REK of Mdor Comary Bvert hcreaced Rk of Bidor Coroary Bvert

The Cox proportional hazard model included all metabolic risk factors after adjustment for the remaining variables (i.e.,
abdominal obesity, hypertension, triglycerides >150 mg/dl, HDL-cholesterol <40 mg/dl in men or <50 mg/dl in women
and fasting plasma glucose >100 mg/dl or diabetes).
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Figure 3. Kaplan-Meier Survival Curves for Major Coronary Events Stratified by the Presence or

Absence of the Metabolic Syndrome and Diabetes Mellitus.
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Figure 4. The Adjusted Risk of Cardiovascular Outcomes According to Presence of Metabolic

Syndrome and Diabetes Mellitus.

Adj HR (95% CI) 3-Year KMRate (N)
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Adjusted for age, sex, region, baseline LDL-cholesterol, current smoking, prior MI, eGFR <60 mL/min/1.73 m® and
type of index ACS.
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5. Specific aim 3: to investigate the risk of thromboembolic

complications in patients with atrial fibrillation and diabetes

Patti G, Lucerna M, Cavallari I, Ricottini E, Renda G, Pecen L, Romeo F, Le Heuzey JY, Zamorano JL,
Kirchhof P, De Caterina R. Insulin-Requiring Versus Noninsulin-Requiring Diabetes and Thromboembolic
Risk in Patients With Atrial Fibrillation: PREFER in AF. J Am Coll Cardiol. 2017 Jan 31;69(4):409-419.

5.1 Background

Estimation of thromboembolic risk is crucial in patients with atrial fibrillation (AF) in order
to perform an accurate stratification of risk during follow-up and establish optimal therapeutic
strategies. Diabetes mellitus has been considered an independent risk factor for

F!2! and this has led to inclusion of diabetes in the

thromboembolic events in patients with A
CHADS?2 (congestive heart failure, hypertension, age >75 years, diabetes mellitus, prior
stroke or transient ischemic attack) score'?* and the more recent CHA2DS2-VASC
(congestive heart failure, hypertension, age >75 years, diabetes mellitus, prior stroke,
transient ischemic attack, or thromboembolism, vascular disease, age 65-74 years, sex
category [female]) score.!”® Patients with diabetes mellitus have a prothrombotic state
because of changes in primary (platelet aggregation and vascular function) and secondary
(coagulation and fibrinolysis) hemostasis; this is particularly enhanced in those with long-
lasting disease receiving insulin therapy.*** Here, low-grade inflammation, increased levels of
coagulation factors, impairment of fibrinolysis, oxidative stress, and reduced expression of
protective endothelial factors have been indicated as responsible for these prothrombotic
changes.'?*

This is the basis for hypothesizing a stronger predictive role of diabetes requiring insulin
therapy compared with less severe forms of diabetes, usually not requiring insulin, on AF-
related thromboembolic risk. To date, no study has explored the differential prognostic weight

of diabetes on insulin therapy versus no insulin therapy on thromboembolic events in patients

with AF. We explored this issue in a recent multicenter, European AF registry.
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5.2 Methods

We accessed individual patient-level data from the PREFER in AF registry (Prevention of
thromboembolic events-European Registry in Atrial Fibrillation).!”® This prospective,
observational, real-world registry enrolled 7,228 patients with AF from 461 hospitals in 7
European countries (Austria, France, Germany, Italy, Spain, Switzerland, and the United
Kingdom). The first patient was enrolled in January 2012 and the last follow-up visit occurred
in January 2014. Inclusion criteria were age >18 years; written informed consent for study
participation; and history of AF within the preceding 1 year, as demonstrated by an
electrocardiogram or by an implanted pacemaker/defibrillator. Patients were included
irrespective of the type of AF. To reduce selection bias, patients were consecutively enrolled
at each site, with no explicit exclusion criteria. The study design consisted of a baseline
clinical evaluation at the time of enrollment and at 1-year follow-up. Demographic data,
clinical characteristics, risk factors, and treatment modalities were collected at baseline; at
this time, documentation related to previous AF episodes and use of AF-related
antithrombotic therapy within 1 year was also inspected, if needed. The follow-up was
performed by office visit at 12 + 2 months. For the purpose of this study, we only included
patients with a complete CHA2DS2-VASc score evaluation and both baseline and 1-year
follow-up visits. Only documented stroke or systemic embolism were considered relevant
efficacy endpoints, with the date of any event being after the baseline visit. Individual data
were entered into an electronic case report form including various plausibility checks for the
considered variables. Furthermore, on-site verification of source data was performed in
approximately 5% of the centers. The study management was overseen by a scientific
Steering Committee; the registry was sponsored by Daiichi-Sankyo Europe GmbH (Munich,
Germany) via a contract research organization (SSS International Clinical Research GmbH,

Munich, Germany) coordinating various local/national contract research organizations.
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Definitions and endpoints.

For the purpose of this study, patients with diabetes were separately considered if they

were or were not on insulin therapy.?® The primary study endpoint was the incidence of

stroke/systemic embolism at 1-year follow-up according to diabetes status (no diabetes,

noninsulin-requiring diabetes, or insulin-requiring diabetes). Stroke and systemic

embolism were defined following the ENGAGE AF-TIMI 48 (Effective

Anticoagulation with Factor Xa Next Generation in Atrial Fibrillation—Thrombolysis In

Myocardial Infarction 48) definitions'*” as follows:

Stroke: abrupt onset of a focal neurological deficit, generally distributed in the
territory of a single brain artery (including the retinal artery), that is not
attributable to an identifiable nonvascular cause (i.e., brain tumor or trauma).
The deficit must either be characterized by symptoms lasting >24 h or cause
death within 24 h of symptom onset. Stroke definition used in ENGAGE and in
our study reflects the Statement for Healthcare Professionals From the American

128

Heart Association/American Stroke Association™ that incorporates the World

Health Organization definition of stroke.'?®

Systemic embolic event: abrupt episode of arterial insufficiency with clinical or
radiological documentation of arterial occlusion in the absence of other likely
mechanisms (e.g., atherosclerosis, instrumentation); venous thromboembolism
and pulmonary embolism were also included in this outcome measure. Arterial
embolic events involving the central nervous system (including the eye) were

not considered as systemic embolism.

Statistical analysis.
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For categorical variables, absolute and percentage frequencies (n, %) are presented. For
continuous variables, mean = SD is presented. For the analyses of the time-to-
stroke/systemic embolism, the Cox proportional hazard regression model was used,
with diabetes status as a fixed effect. The hazard ratio (HR), 95% confidence interval
(CI), and corresponding p values are presented. These analyses were repeated for
different subgroups of patients based on the demographic/clinical characteristics
indicated in Table 1. In addition, these characteristics were added as single covariates to
the model. Comparisons of all demographic/clinical characteristics for diabetes status
were executed by means of a logistic regression model presenting the odds ratio, 95%
Cl, and corresponding p value. All analyses are not confirmatory, but purely

descriptive/exploratory. All statistical analyses were performed using SAS version 9.3

(SAS Institute Inc., Cary, North Carolina).

5.3 Results

From the overall PREFER in AF population (N=7,228), a total of 816 patients had no 1-year
follow-up visit; therefore, the full analysis set consisted of 6,412 patients, 695 of whom were

excluded because of lack of information on stroke/systemic embolic events and/or no
availability of CHA2DS2-VASc scores and/or no information on diabetes status (Figure 1).
Thus, a total of 5,717 patients were included in this subanalysis. Prevalence of
thromboembolic risk factors and different antithrombotic therapies in patients included in this
analysis was consistent with the overall PREFER in AF population (data not shown). Among
these 5,717 patients, a total of 1,288 (22.5%) had diabetes mellitus. Furthermore, 288 of these
1,288 (22.4%) patients with diabetes were on insulin treatment. Patients with diabetes,
irrespective of insulin therapy status, had an increased prevalence of systemic hypertension,
congestive heart failure (CHF), prior transient ischemic attack/stroke/thromboembolism,

vascular disease, chronic renal impairment, left atrial enlargement, chronic obstructive
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pulmonary disease (COPD), and body mass index >30 kg/m2 compared with patients without
diabetes (Table 1). Patients receiving insulin showed higher percentages of CHF, vascular
disease, chronic renal impairment, COPD, and body mass index >30 kg/m2 versus those with
noninsulin-requiring diabetes. Of note, in our study, only 18 patients had type 1 diabetes and
only 1 patient experienced a thromboembolic event during follow-up. We also evaluated the
prevalence of different antithrombotic strategies in the various subgroups (Table 1).
Compared with patients without diabetes, those on insulin treatment had higher use of vitamin
K antagonists (VKA) plus antiplatelet therapy (16.7% vs. 9.6%; p=0.0002) at baseline and
higher use of VKAs (71.5% vs. 62.9%; p=0.0036) at 1 year. No antithrombotic therapy was
less frequent in patients with diabetes on insulin both at baseline and at 1 year (2.4% vs. 6.4%
in patients without diabetes, p=0.0093, and 5.6% vs. 9.6%, p=0.0238, respectively).
Antithrombotic therapy was similar in patients with diabetes with and without insulin, with
the exception of a higher prevalence of VKAs plus an antiplatelet agent at baseline in the
former (16.7% vs. 11.1%; p=0.012). In the comparison between patients without diabetes and
patients with noninsulinrequiring diabetes, the latter more frequently were given VKAs only
at baseline (69.8% vs. 66.2%; p=0.03) and less frequently received antiplatelet treatment and
no antithrombotic drug both at baseline and at 1 year. In the overall population, the incidence
of stroke/systemic embolism at 1 year was 2.0 per 100 patients/year. Insulin-requiring
diabetes was associated with a higher risk of stroke/systemic embolism versus both 100
patients/year; HR: 2.89; 95% CI: 1.67 to 5.02; p=0.0002) and noninsulin-requiring diabetes
(5.2 per 100 patients/year vs. 1.8 per 100 patients/year; HR: 2.96; 95% CI: 1.49 to 5.87; p=
0.0019) (Central Illustration). Rates of stroke/systemic embolism were not different in
patients with diabetes not receiving insulin and in patients without diabetes (HR: 0.97; 95%
Cl: 0.58 to 1.61; p=0.90). Adjustment for potential confounders provided similar results

(Table 2). After the addition of various risk factors as covariates to the Cox proportional

hazard regression model, the correlation between insulin-requiring diabetes and the higher
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occurrence of thromboembolic events remained always significant, with HRs ranging from
2.60 to 3.52 (Table 3). In the comparison between insulin-requiring diabetes and noninsulin-
requiring diabetes, of 15 tested covariates, 2 had statistically significant interactions with the
group; in particular, the relative increase of thromboembolic events related to insulin therapy
was higher in patients with CHF (vs. those without) and in patients receiving antithrombotic
therapy at baseline. Conversely, the HR for the comparison of patients with no diabetes versus
patients with noninsulin-requiring diabetes remained consistently nonsignificant (Table 3).
The prevalence of sustained (persistent or permanent) AF tended to be higher in patients on
insulin treatment: 80% on insulin versus 76% in patients with noninsulin-requiring diabetes,
compared with 67% of patients without diabetes. However, adjustment for the type of AF did
not change the overall study results, in particular regarding stroke/systemic embolism:
insulin-requiring diabetes mellitus versus no diabetes (HR: 2.83; 95% CI: 1.60 to 5.03;
p=0.0004); stroke/systemic embolism with insulin-requiring diabetes mellitus versus diabetes
without insulin therapy (HR: 2.98; 95% CI: 1.48 to 6.02; p=0.0023); and noninsulin-requiring
diabetes mellitus versus no diabetes (HR: 0.98; 95% CI: 0.59 to 1.63; p=0.94). We collected
additional patient-level data on diabetes duration, daily insulin dose, presence/absence of
microvascular complications, and use of oral glucose-lowering agents in a subgroup of 344
patients with diabetes (i.e., 27% of the overall study population with diabetes). The risk
profile of these 344 patients was similar to that of the remaining population of patients with
diabetes: age 73.3£9.2 years versus 72.7+8.6 years (p=0.31), female sex 36% versus 37% (p=
0.66), and mean CHA2DS2-VASc score 4.7+1.6 versus 4.6+1.6 (p=0.42). The duration of
diabetes was higher in patients with diabetes on insulin compared with those not receiving
insulin (12.8+8.2 years vs. 9.2+6.7 years; p=0.0003), but the HR of stroke/systemic embolism
with insulin therapy, adjusted for duration of diabetes, remained significant (HR: 8.72; 95%

Cl: 2.89 to 26.33; p=0.0001). The total daily insulin dose was similar in patients with versus

without stroke/systemic embolism (37.849.9 IU vs. 38.5+26.2 IU; p=0.22), and no
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relationship between insulin dose and the occurrence of thromboembolic events was observed
(HR: 1.00; 95% CI: 0.98 to 1.02; p=0.94). We found a significantly higher risk of
stroke/systemic embolism in patients with at least 1 microvascular complication of diabetes
(retinopathy, neuropathy, or nephropathy): HR: 9.27; 95% CI: 2.07 to 41.41; p=0.0036. We
attempted an analysis of different therapies in noninsulin-requiring diabetes (e.g., diet vs. oral
antidiabetic agents, or among various classes of oral antidiabetic drugs), but these analyses
were precluded by the overall low rate of thromboembolic events observed in these
subgroups. We further evaluated the risk of stroke/systemic embolism in patients without
diabetes, with diabetes not receiving insulin, and in those with insulin-requiring diabetes
according to different subgroups, including presence or absence of female sex, age >75 years,
CHF, systemic hypertension, previous transient ischemic attack/stroke, any vascular disease,
COPD, chronic renal impairment, body mass index >30 kg/m2, CHA2DS2-VASc score >1,
coronary artery disease, peripheral artery disease, or use of anticoagulant therapy. The highest
incidence of thromboembolic events continued to be seen in patients with diabetes on insulin
treatment. However, there was no significant difference in thromboembolic events comparing
patients with diabetes without insulin treatment with those without diabetes and this absence
of any difference for these 2 groups was maintained across various subpopulations (Figure 2).
Of note, among patients with diabetes on insulin therapy, the rate of stroke/systemic
embolism was even high in those receiving any anticoagulant therapy at baseline (5.1 per 100
patients/year vs. 6.1 per 100 patients/year in those without anticoagulation); the increased
incidence of thromboembolic complications in patients with insulin-requiring diabetes was
irrespective of the use of anticoagulant therapy (patients receiving any anticoagulant
treatment: 5.1 per 100 patients/year in patients with insulin-requiring diabetes vs. 1.6 per 100
patients/year in patients with noninsulin-requiring diabetes and 1.8 per 100 patients/year in

patients with diabetes; patients without anticoagulant therapy: 6.1 vs. 3.5 vs. 1.9 per 100

patients/year). A total of 4,354 patients had no diabetes or noninsulin-requiring diabetes and a
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CHA2DS2-VASc score >1; the occurrence of stroke/systemic embolism at 1 year in such
patients was 2.0%. All patients with diabetes on insulin therapy had a CHA2DS2-VASc score

>1 and showed an annual stroke/embolism rate of 5.2 per 100 patients/year (p=0.0005).

5.4 Conclusions

In this analysis of individual patient data from the prospective PREFER in AF registry,
patients with diabetes on insulin therapy had a significantly higher risk of stroke/systemic
embolism at 1 year versus both patients without diabetes and patients with noninsulin-
requiring diabetes; yet, for people with diabetes not treated with insulin, there was no
significantly increased risk. The proportion of patients with diabetes in our population was
22.5%, of whom 22.4% were insulin treated; this prevalence is similar to that observed in
other contemporary registries of patients with AF."*° Of note, a 40% relative increase in the
risk of AF development and progression has been demonstrated in patients with versus those
without diabetes,** and has been related to electrical and structural atrial remodeling, changes

in the autonomic response, atrial inflammation, and oxidative stress.**

A wide range (from
3.6% to 8.6%) of annual incidence of thromboembolic events has been reported in patients
with diabetes and AF;** this large variability reflects differences in study designs,
definitions of outcome measures, patients’ baseline risk profile, concomitant therapies, and
types of populations included. Previous large studies have found that patients with AF with
coexisting diabetes present a significantly higher risk of thromboembolic events compared
with those without. In a previous metaanalysis on the topic, including 7 studies and >12,000
patients, a 70% relative increase in risk has been observed in patients with diabetes (13). To
date, however, no study had separately and independently quantified the annual rates of AF-
related thromboembolic events in patients with diabetes according to insulin treatment.

The surprising finding of our study was the strikingly similar incidence of thromboembolic

events at 1 year in patients with diabetes but without insulin treatment compared with patients

m//&zw'a/ Cavallore "



Tesi di dottorato in Scienze biomediche integrate e bioetica, di llaria Cavallari,

discussa presso I'Universita Campus Bio-Medico di Roma in data 9/07/2020.

La disseminazione e la riproduzione di questo documento sono consentite per scopi di didattica e ricerca,

a condizione che ne venga citata la fonte.
without diabetes. The result was consistent for various analyses performed, even after
adjusting for both clinical confounders and concomitant antithrombotic therapy. Of note, the
event rate was similar in patients without diabetes and in patients with diabetes not receiving
insulin despite the latter having a higher thromboembolic risk profile (i.e., older age, higher
prevalence of hypertension, CHF, previous cerebrovascular events, vascular disease, and
chronic renal failure). Thus, according to our data, the sole presence of diabetes does not
imply an increased thromboembolic risk in patients with AF. Conversely, patients with
insulin-requiring diabetes had an approximately 2.5-fold higher risk of stroke or systemic
embolism at 1 year compared with patients without diabetes and with patients with
noninsulin-requiring diabetes. Of note, this higher risk was more pronounced between 6
months and 1 year of follow-up. A clustering of risk factors likely contributes to this
heightened risk, because patients with diabetes on insulin treatment had a longer diabetes
duration, and a higher prevalence of cardiovascular risk factors, CHF, COPD, and renal
impairment than patients without diabetes or those with diabetes not requiring insulin. The
association between insulin-requiring diabetes and thromboembolic events was independent
of the type of AF and of other possible confounding factors; this association was also
maintained in various subgroups, including those patients receiving anticoagulant therapy. We
observed no relationship of daily insulin dose and thromboembolic risk. We cannot exclude a
type Il error in these results, and it is possible that the daily doses of insulin (marking a
diabetes of particular severity) could be related to outcomes in larger cohorts or with a longer
follow-up. Of note, patients with diabetes with microvascular complications (retinopathy,
neuropathy, or nephropathy) experienced a significantly increased incidence of
thromboembolic events. Importantly, the selectively increased thromboembolic risk of
patients receiving insulin (with no apparent increase in risk in the other set of patients with
diabetes) was independent of all potential confounders from parameters collected in the

PREFER in AF Registry, including duration of diabetes.” Similar data supporting a
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differential prognostic role of diabetes with versus without insulin therapy have been
described in at least 1 other setting; in particular, an analysis from SHIFT (Systolic Heart
Failure treatment with the If inhibitor ivabradine Trial) demonstrated that patients with
chronic systolic heart failure®® showed no increased incidence of cardiovascular death or
hospitalization for worsening heart failure in patients with non insulin-requiring diabetes
compared with patients without diabetes, and a significant 33% higher risk of this outcome
measure in patients with diabetes on insulin compared with those not on insulin. Therefore,
according to our data, it is the need for insulin therapy, rather than the presence of diabetes
per se, that seems to be an independent factor affecting the occurrence of AF-related
stroke/systemic embolism during follow-up. Results of this study might expand and
strengthen observational data from certain investigations suggesting no overall increase of

thromboembolic risk in patients with diabetes;*¥*%’

a different prevalence of patients
receiving insulin (generally not reported in most studies) may at least in part explain the
important variability in the reported annual rates of thromboembolic events among patients
with diabetes and the variable degree of increase in the thromboembolic risk by diabetes
mellitus in the various studies. Several pathophysiological mechanisms might explain these
findings. In patients with diabetes mellitus there is a hypercoagulable state, and this is
particularly evident in those with long-lasting disease receiving insulin therapy. In the latter,
an increase in platelet reactivity and platelet turnover has been described, with consequently

more pronounced platelet activation.**®

Moreover, a high inflammatory status and oxidative
stress cause endothelial dysfunction, with higher expression of adhesion molecules, reduced
release of nitric oxide/prostacyclin, and increased production of endothelin-1.12413%-141
Patients with diabetes on insulin treatment also showed increased levels and/or activity of
various coagulation factors, including tissue factor, factor VII, von Willebrand factor, and
fibrinogen, as well as enhanced thrombin generation.*®**2!*% Finally, lower tissue-

plasminogen activator activity, higher levels of type 1 plasminogen activator inhibitor, 4
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and higher levels of incorporation of the C3 complement component in the clot**® have been
demonstrated in such patients, leading to impaired fibrin clot lysis. The presence of insulin
treatment is therefore certainly a marker for more advanced disease. However, insulin by
itself might trigger some of the disease features, including atherosclerosis.**’ Although the
precise mechanisms triggering changes in coagulation in patients with diabetes receiving
insulin therapy are not completely known, possible mechanisms include chronic exposure to
high glucose levels, increased levels of advanced glycosylation end-products, and direct
effects of exogenous insulin, providing pathologically high levels of insulin in the setting of
insulin resistance, as occurs in all patients with type 2 diabetes receiving insulin.**"*4
Study limitations.
This work has strengths in being a prospective analysis of patients with AF who received a
complete baseline assessment and underwent a planned follow-up visit at 1 year with accurate
evaluation of outcome measures. Limitations are that we could not establish the
thromboembolic risk of the untreated population included or the risk associated with specific
antithrombotic therapies. However, the crude increase in thromboembolic risk that occurred
in the presence of insulin-requiring diabetes is probably even higher than that detected in our
investigation. In fact, patients on insulin had a higher prevalence of VKA use and less
frequently received no antithrombotic drug than those without diabetes; similarly, they more
often were given VKAs plus antiplatelet drugs than those with diabetes without insulin. Thus,
it is unlikely that we overestimated the risk of patients with insulin-requiring diabetes in our
study. Furthermore, residual confounding cannot be excluded and, because of the size of the
population, we could not stratify the thromboembolic risk of patients with diabetes on insulin
therapy according to different CHA2DS2-VASc scores (1 vs. >1). The issue of whether the
relationship between the type of diabetes and thromboembolic risk was irrespective of the
duration of diabetes was evaluated in approximately one-fourth of the population with

diabetes within PREFER in AF (n=344 or 27%); in this subset, the HR of stroke/systemic
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embolism in patients with insulin therapy, compared with patients not on insulin, remained
significant even after adjusting for the duration of diabetes. Therefore, main results of this
sensitivity analysis continued to support 1 main conclusion of the paper, that insulin-requiring
diabetes is a much worse condition than noninsulin-requiring diabetes. Importantly, the risk
profile of those 344 patients providing additional data on diabetes duration was similar to that
of the remaining population of patients with diabetes. We can therefore reasonably assume
that the results of this further analysis were not affected by the selection of patients, and no
bias was introduced in this secondary analysis. Finally, a non-uniform definition of diabetes
mellitus might have been used in the study population according to local practices, and more
important, we have no data on the specific criteria for initiating insulin therapy, on the type of
insulin regimen and on glycemic control during follow-up. However, we consider it unlikely
that use of non-uniform definitions of diabetes and criteria for initiating insulin therapy might
have affected the study results, inasmuch as the physicians in the Western European countries
participating in PREFER in AF are generally accustomed to contemporary, international
guidelines for defining diabetes and initiating insulin treatment. Any such limitations should
not, however, affect the main finding of our study, which is not only the higher risk of the
insulin-requiring diabetes, likely clustering with a higher severity of diabetes, but rather the
very low risk of noninsulin-requiring diabetes. This indicated for the first time a quite
dichotomous behavior of the population with diabetes and AF as to thromboembolic risk
according to the use or lack of use of insulin. Of note, results of our investigation apply
essentially to patients with type 2 diabetes, who represented 98.6% of the population with
diabetes studied, and it may be that insulin provision in type 1 diabetes, in the absence of
insulin resistance, is not associated with increased thromboembolic risk. We cannot
completely exclude the possibility that patients with noninsulin-requiring diabetes with AF

are at somewhat higher thromboembolic risk than patients without diabetes, and that we could

not demonstrate this difference because of a type Il statistical error. However, the absence of
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any directional trend toward higher risk in patients with noninsulin-requiring diabetes argued
against such possibility, but certainly further confirmatory research should address this
important issue in studies with a larger sample size.

Our findings robustly indicated that insulin-requiring diabetes, essentially type 2 diabetes,
largely contributed to the overall increase of thromboembolic risk in AF, but the mere
presence of diabetes without insulin treatment did not apparently convey a negative
prognostic value. Our investigation still supported that early diabetes has lower
thromboembolic risk than later diabetes and, in our population, the reduced thromboembolic
risk in patients without insulin treatment may be caused by the shorter duration of the disease.
Our results may have implications in the assessment of thromboembolic risk in the AF

population with diabetes and might have therapeutic implications that need to be explored in

further dedicated intervention studies.
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5.5 Tables

Table 1. Main demographic/clinical characteristics in the study population according to diabetes status.

Variable No DM Non-insulin Insulin- P value P value P value
requiring DM  requiring DM No DM vs non- No DM vs Non-insulin requiring DM
insulin requiring DM insulin-requiring  vs insulin-requiring DM
N=4,429 N=1,000 N=288 DM
Age 65-74 yrs 1,431 (32.3) 384 (38.4) 97 (33.7) 0.0002 0.63 0.15
Age >75 yrs 1,941 (43.8) 453 (45.3) 137 (47.6) 0.40 0.22 0.50
Female gender 1,782 (40.2) 373 (37.3) 104 (36.1) 0.17 0.09 0.71
BMI >30 kg/m? 1,089 (24.6) 377 (37.7) 133 (46.2) <0.0001 <0.0001 0.012
Systemic hypertension 2,998 (67.7) 852 (85.2) 255 (88.5%) <0.0001 <0.0001 0.15
Congestive heart failure 1,146 (25.9) 342 (34.2) 164 (56.9) <0.0001 <0.0001 <0.0001
Prior T1A/stroke/thromboembolism 635 (14.3) 192 (19.2) 67 (23.3) 0.0001 <0.0001 0.13
Vascular disease 846 (19.1) 295 (29.5) 133 (46.2) <0.0001 <0.0001 <0.0001
Chronic renal impairment 484 (10.9) 173 (17.3) 100 (34.7) 0.0001 <0.0001 <0.0001
(Cr Cl <30 mL/min/1.73 m?)
Left atrial enlargement 2,529 (69.2) 650 (78.2) 190 (79.2) <0.0001 0.0013 0.7532
(antero-posterior diameter >40 mm)
Chronic obstructive pulmonary disease 434 (9.8) 131 (13.1) 62 (21.5) 0.0016 <0.0001 0.0005
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Antithrombotic therapies at baseline

NOAC 281 (6.3) 77 (7.7) 13 (4.5) 0.1192 0.2154 0.0648
VKA only 2933 (66.2) 698 (69.8) 194 (67.4) 0.0300 0.6943 0.4295
Antiplatelet only 505 (11.4) 82 (8.2) 26 (9.0) 0.0034 0.2183 0.6553
VKA plus antiplatelet 427 (9.6) 111 (11.1) 48 (16.7) 0.1634 0.0002 0.0120
No therapy 283 (6.4) 32(3.2) 7(2.4) 0.0001 0.0093 0.5036
Antithrombotic therapies at one year
NOAC 576 (13.0) 152 (15.2) 32 (11.1) 0.0661 0.3533 0.0821
VKA only 2788 (62.9) 662 (66.2) 206 (71.5) 0.0538 0.0036 0.0897
Antiplatelet only 384 (8.7) 54 (5.4) 9(3.1) 0.0007 0.0017 0.1193
VKA plus antiplatelet 255 (5.8) 62 (6.2) 25 (8.7) 0.5900 0.0435 0.1413
No therapy 426 (9.6) 70 (7.0) 16 (5.6) 0.0098 0.0238 0.3881

Values are given as N (%). BMI= Body mass index; DM= Diabetes mellitus; NOAC= non-vitamin K antagonist oral anticoagulants; TIA=
Transient ischemic attack; VKA= vitamin K antagonists



Tesi di dottorato in Scienze biomediche integrate e bioetica, di llaria Cavallari,

discussa presso I'Universita Campus Bio-Medico di Roma in data 9/07/2020.

La disseminazione e la riproduzione di questo documento sono consentite per scopi di didattica e ricerca,
a condizione che ne venga citata la fonte.

Table 2. Adjusted risk of stroke/systemic embolic events at one year *

Comparison HR 95% ClI P value
Insulin-requiring diabetes vs no diabetes 2.34 1.29-4.25 0.005
Insulin-requiring diabetes vs non-insulin 2.62 1.26-5.42 0.01

requiring diabetes

Non-insulin requiring diabetes vs no diabetes 0.88 0.51-1.50 0.64

*Adjusted for congestive heart failure, hypertension, age >75 yrs, prior stroke/transient ischemic

attack/thromboembolism,

vascular disease, female gender, chronic obstructive pulmonary disease, chronic renal impairment,

body mass index >30 kg/m?,

CHA;DS,-VASc score 0-1, vitamin K antagonist therapy, use of non-vitamin K antagonist oral

anticoagulants, vitamin K antagonist plus
antiplatelet therapy
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Table 3. COX Proportional Hazard Regression Model

HR 95% ClI P value Interaction P

value
Insulin-requiring diabetes mellitus: YES vs NO 2.90 1.69-5.00 0.0001
Model with covariate congestive heart failure 2.27 1.31-3.96 0.0036 <0.0001
Model with covariate systemic hypertension 2.97 1.72-5.14 <0.0001 0.52
Model with covariate age >75 yrs 2.86 1.66-4.92 0.0001 0.0105
Model with covariate previous transient ischemic attack/stroke/thromboembolism 2.67 1.55-4.60 0.0004 <0.0001
Model with covariate vascular disease 2.94 1.69-5.11 0.0001 0.83
Model with covariate age 65-74 yrs 291 1.69-5.00 0.0001 0.16
Model with covariate female gender 2.95 1.71-5.07 <0.0001 0.0291
Model with covariate left atrial enlargement 2.99 1.66-5.37 0.0003 0.13
Model with covariate chronic obstructive pulmonary disease 2.64 1.53-4.57 0.0005 0.0011
Model with covariate chronic renal impairment 2.59 1.43-4.68 0.0016 0.98
Model with covariate BM1 >30 kg/m? 3.04 1.76-5.27 <0.0001 0.69
Model with covariate no anti-thrombotic therapy at baseline 2.94 1.70-5.05 0.0001 0.47
Model with covariate anticoagulant therapy at baseline 2.90 1.69-5.0 0.0001 0.75
Model with covariate antiplatelet therapy at baseline 291 1.69-5.0 0.0001 0.82
Model with covariate VKA + antiplatelet therapy at baseline 2.99 1.74-5.16 <0.0001 0.17
Non-insulin requiring diabetes vs no diabetes 0.97 0.58-1.61 0.90
Model with covariate congestive heart failure 0.89 0.53-1.48 0.65 <0.0001
Model with covariate systemic hypertension 0.99 0.59-1.66 0.97 0.55
Model with covariate age >75 yrs 0.96 0.58-1.60 0.88 0.011
Model with covariate previous transient ischemic attack/stroke/thromboembolism 0.92 0.55-1.54 0.75 0.0002
Model with covariate vascular disease 0.96 0.58-1.60 0.88 0.81
Model with covariate age 65-74 yrs 0.99 0.59-1.64 0.95 0.14
Model with covariate female gender 0.98 0.59-1.63 0.94 0.02
Model with covariate left atrial enlargement 0.82 0.45-1.48 0.50 0.33
Model with covariate chronic obstructive pulmonary disease 0.95 0.57-1.59 0.86 0.07
Model with covariate chronic renal impairment 0.96 0.58-1.60 0.87 0.41
Model with covariate BMI >30 kg/m* 0.94 0.56-1.60 0.83 0.68
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Model with covariate no anti-thrombotic therapy at baseline
Model with covariate anticoagulant therapy at baseline
Model with covariate antiplatelet therapy at baseline

Model with covariate VKA + antiplatelet therapy at baseline

0.97
0.97
0.97
0.97

0.58-1.62
0.59-1.62
0.58-1.62
0.58-1.62

0.92
0.92
0.91
0.91

0.65
0.33
0.72
0.48

BMI= Body mass index; VKA= Vitamin K antagonist
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5.6 Figures

Figure 1. Flow diagram indicating patients’ disposition in the present study, leading to the final

number of 5,717 patients here included.

Overall PREFER in AF population
N=7,228

Y

Y
Full analysis set

Y

absence of follow-up visit at 1 year

N=816 excluded because of

N=6,412

Y

Patients included
N=5,717

N=695 excluded because of:

lack of information on stroke/systemic embolic event (N=186)
no availability of CHA DS -VASc scoring (N=443)

no information on diabetes status (N=21)

lack of information on stroke/systemic embolic event and no
availability of CHA DS -VASc scoring (N=17)

no availability of CHA_DS,-VASc scoring and no information on
diabetes status (N=19)

lack of information on stroke/systemic embolic event and no
availability of CHA DS, -VASc scoring and no information on
diabetes status (N=9)
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Central illustration. Kaplan-Meier curves for incidence of stroke/systemic embolism according to

diabetes status.
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Figure 3. Stroke or systemic embolism by subpopulations.
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AP= Antiplatelet; BL= Baseline; BMI= Body mass index; CHD= Coronary heart disease; CHF=
Congestive heart failure; COPD= Chronic obstructive pulmonary disease; CRI= Chronic renal
impairment; Hyp= Systemic hypertension; NOAC= Non-vitamin K antagonist oral anticoagulants;
PAD-= Peripheral artery disease; SEE= Systemic embolic events; TIA= Transient ischemic attack;

VKA= vitamin K antagonists
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6. Specific aim 4: to assess cardiovascular safety (a composite of
cardiovascular death, myocardial infarction, or stroke, and new-onset
atrial fibrillation or flutter) of odanacatib, a cathepsin K inhibitor for

the treatment of postmenopausal osteoporosis

McClung MR, O'Donoghue ML, Papapoulos SE, Bone H, Langdahl B, Saag KG, Reid IR, Kiel DP, Cavallari
I, Bonaca MP, Wiviott SD, de Villiers T, Ling X, Lippuner K, Nakamura T, Reginster JY, Rodriguez-Portales
JA, Roux C, Zanchetta J, Zerbini CAF, Park JG, Im K, Cange A, Grip LT, Heyden N, DaSilva C, Cohn D,
Massaad R, Scott BB, Verbruggen N, Gurner D, Miller DL, Blair ML, Polis AB, Stoch SA, Santora A,
Lombardi A, Leung AT, Kaufman KD, Sabatine MS; LOFT Investigators. Odanacatib for the treatment of
postmenopausal osteoporosis: results of the LOFT multicentre, randomised, double-blind, placebo-controlled
trial and LOFT Extension study. Lancet Diabetes Endocrinol. 2019 Dec;7(12):899-911..

6.1 Background

Osteoporosis is associated with reduced bone mass, impaired bone strength, and increased
risk of fracture.** This is a common condition with clinically important consequences. An
estimated 54% of the US population aged 50 years and older has osteoporosis or low bone
mass1 and around 40% of women will sustain a fracture of their hip, spine, or forearm in their
lifetime. Therapies for osteoporosis are available but each has limitations, and most women
with osteoporosis remain untreated. Cathepsin K, the primary cysteine protease produced by
osteoclasts, is involved in the degradation of type 1 collagen and other bone matrix proteins
and is necessary for bone resorption.™® Inhibition of cathepsin K in animal studies reduced
osteoclast-mediated bone resorption without decreasing osteoclast number or inhibiting other
osteoclast functions, maintained or produced only a transient decrease in bone formation,
maintained normal bone material properties, and increased bone mass and strength.***%? |n
addition to effects on bone, pre-clinical data suggested that inhibition of cathepsin K could
have favourable effects on atherothrombotic cardiovascular risk through stabilisation of
arterial plaques.***>* Odanacatib, an oral, selective inhibitor of cathepsin K, was previously
shown to increase bone mineral density over 8 years in postmenopausal women with low

bone mass.”>*®° This increase in bone mineral density was the result of inhibition of bone
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resorption, which was accompanied by only a transient reduction in bone formation,
distinguishing this treatment from other antiresorptive treatments for osteoporosis. We aimed
to assess the anti-fracture efficacy and safety of odanacatib in postmenopausal women with
osteoporosis14 in the Long-term Odanacatib Fracture Trial (LOFT) and its extension study

(LOFT Extension).

6.2 Methods

Study design and participants

We did a multicentre, randomised, double-blind, placebo-controlled, event-driven study at
388 outpatient clinics in 40 countries. The study was approved by local institutional review
boards and ethics review committees at all centres. The study design and methods have been
published previously.'®* Eligible participants were women aged 65 years or older who were
postmenopausal for at least 5 years, with a bone mineral density T-score between -2.5 and -
4.0 at the total hip or femoral neck without previous radiographic vertebral fracture, or
between -1.5 and -4.0 with a previous radiographic vertebral fracture. Women with a previous
hip fracture, more than one vertebral fracture, or a bone mineral density T-score less than -4.0
at the total hip or femoral neck were ineligible unless unable or unwilling to use approved
osteoporosis treatment. Other exclusions included clinical fragility fracture in the previous 24
months, metabolic bone disease other than osteoporosis, severe chronic kidney disease,
malignancy within 5 years (except treated skin cancer), or previous use of some medications
affecting bone metabolism.*®* All participants provided written informed consent. Participants
in LOFT Extension were patients in LOFT who did not have excessive bone loss and had
completed LOFT study treatment; had not developed a condition, which, based on the
investigators’ judgment, would interfere with continued participation; were at a study site
with approval for participation in LOFT Extension; and had consented to enrol in LOFT

Extension. Patients provided written informed consent for the LOFT Extension.
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Randomisation and masking
Participants were randomly assigned (1:1) to either odanacatib 50 mg once per week or
matching placebo (each as an oral tablet). Randomisation to treatment assignment was based
on a computer-generated allocation schedule generated by the sponsor and done using an
interactive voice recognition system (IVRS) after stratification for previous radiographic
vertebral fracture. Although block sizes were not set, they were anticipated to be 1:3
(previous: no previous radiographic vertebral fracture), but this was flexible with
acknowledgment that the study sample size might need to be adjusted based on the emerging
observed ratio. Treatment allocation was masked to study participants, investigators and their
staff, and sponsor personnel.
Procedures
Participants received odanacatib 50 mg once per week or placebo, vitamin D3 (5600
international units [IU] per week as two 2800 IU tablets), and calcium supplements (eg,
calcium carbonate tablets) as needed to ensure intake of approximately 1200 mg/day.
LOFT was planned to continue until the target number of 237 incident osteoporotic hip
fractures accrued. Participants who discontinued study drug in LOFT were to be followed up
and assessed per protocol. If LOFT completed before 5 years of double-blind treatment,
eligible and consenting participants were to continue in LOFT Extension on their LOFT
treatment assignment for a total of 5 years from randomisation.14 Bone mineral density was
measured at baseline and yearly thereafter. Participants with excessive bone loss, defined as
reduction of at least 7% in bone mineral density from baseline at the lumbar spine or total hip,
were discontinued from study drug and offered approved therapy for osteoporosis. These
participants were to be followed up during LOFT but were ineligible to enrol in LOFT
Extension. Participants with excessive bone loss during LOFT Extension were discontinued

from study drug and initially discontinued from the study and not followed up; a subsequent

protocol amendment on June 19, 2013, instructed investigators to follow up these participants.
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For participants who discontinued from LOFT or LOFT Extension and were not being
followed up, an observational follow-up protocol was implemented to capture events through
visits and telephone contacts. Mortality data were captured whenever possible for all
participants. An external data monitoring committee reviewed safety data periodically and did
pre-planned interim analyses to determine early stopping for futility or overwhelming
efficacy.'® After the first interim analysis, the committee recommended that LOFT be
stopped early on the basis of robust efficacy and a favourable benefit—risk profile, with a plan
for the committee to continue to review accrued data from the pre-planned LOFT
Extension.’® Investigators and participants were informed via a protocol amendment on Dec
19, 2012, that the interim analysis showed robust efficacy and a favourable benefit-risk
profile, and that the committee would continue to review data from LOFT Extension.
After LOFT was stopped early, a small group of sponsor personnel (not further involved in
the undertaking of the trial or screening of data) were unmasked to the results and, after
assessment of these data, the decision was made to accrue data from the ongoing LOFT
Extension study before submission of regulatory applications for approval. Initial LOFT
results were presented at a scientific meeting while LOFT Extension was ongoing;15 further
analyses of unblinded information from LOFT and LOFT Extension continued to be limited
to a small group of sponsor personnel to maintain the integrity of LOFT Extension.
Outcomes
Primary endpoints were incidence of vertebral fractures in participants for whom evaluable
radiograph images were available at baseline and at least one other timepoint and clinical hip
and non-vertebral osteoporotic fractures. Secondary endpoints were clinical vertebral
osteoporotic fractures; height; bone mineral density at the lumbar spine, total hip, femoral
neck, trochanter, and distal forearm; histomorphometry of transilial bone biopsy specimens;

major adverse cardiovascular events; and bone turnover markers. Vertebral fractures (new or

worsening) were assessed at a central radiology site (BioClinica, San Francisco, CA, USA) by
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semi-quantitative and morphometric analysis of lateral spine radiographs at baseline, 6, and
12 months, yearly thereafter, and at each participant’s final study visit.14,16 Clinical fractures
were adjudicated by clinical history and radiograph. Fractures of the fingers, toes, face and
skull, and those adjudicated as caused by high-energy trauma or focal pathology (eg,
neoplasm), were not included in efficacy analyses.
Bone mineral density of the lumbar spine and proximal femur was measured by dual energy
x-ray absorptiometry at baseline and yearly thereafter (BioClinica, Newark, CA, USA). Bone
turnover markers were measured in a randomly selected cohort (by IVRS) of 10% of the
participants at baseline, 6 and 12 months, and yearly thereafter (BioClinica Labs, Lyon,
France). Urinary N-telopeptide of type | collagen was assessed with the Vitros immunoassay
(Ortho Clinical Diagnostics, Rochester, NY, USA), and serum procollagen type | N-terminal
propeptide was assessed with the Modular E170 automated analyser immunoassay (Roche
Diagnostics, Mannheim, Germany). Safety was assessed by adverse event reports, physical
examination, vital signs, haematology, blood chemistry, and urinalysis. Pre-specified
adjudicated events included morphea or systemic sclerosis (previously reported with a non-

162,163

selective cathepsin K inhibitor; serious respiratory infections;*®* osteonecrosis of the

H 165

jaw,'®® atypical femoral fractures®®'¢’

including subtrochanteric and femoral shaft fractures,

and atrial fibrillation®

(each previously reported in participants receiving existing therapies
for osteoporosis); delayed fracture unions; and major adverse cardiovascular events.

After the early stopping of LOFT, initial analyses raised concerns about higher numbers of
cardiovascular events in the odanacatib group, but interpretation was confounded by the
incompleteness of event adjudication. A cardiovascular academic research organisation called
the Thrombolysis In Myocardial Infarction Study Group (TIMI; Brigham and Women’s
Hospital, Boston, MA, USA), was asked by the sponsor to do an independent adjudication of

all potential cardiovascular events reported during LOFT and LOFT Extension. TIMI’s

Clinical Events Committee had full access to the masked clinical trial database and
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adjudicated all reported deaths and potential cardiac ischaemic events (including myocardial
infarction and unstable angina), cerebrovascular events, and supraventricular arrhythmias
(including atrial fibrillation and atrial flutter). Confirmed cases of atrial fibrillation or flutter
were classified as new onset (or presumed new onset) or recurrent, based on participant
history.
TIMI pre-specified a statistical analysis plan, and remained masked to previous
cardiovascular event adjudication and participant treatment allocation, before the database
lock. Primary cardiovascular outcomes were (1) the composite of cardiovascular death,
myocardial infarction, or stroke and (2) new onset (or presumed new onset) atrial fibrillation
or flutter. Secondary cardiovascular outcomes were the composite of cardiovascular death,
myocardial infarction, stroke, or admission to hospital for unstable angina; all-cause death;
cardiovascular death; myocardial infarction (fatal or non-fatal); stroke (fatal or non-fatal);
admission to hospital for unstable angina; new or presumed new onset of atrial fibrillation or
flutter (ECG confirmed only; patients with known history of atrial fibrillation or flutter
excluded); and any reported first episode of atrial fibrillation or flutter (ECG confirmation not
required; included patients with known history of atrial fibrillation or flutter).
Statistical analysis
For 90% statistical power to show a 50% reduction in relative risk (RR) for radiographic
vertebral fracture, 35% reduction in RR for hip fracture, or 20% reduction in RR for non-
vertebral fracture, the target numbers of incident events at the final analysis were 114, 237,
and 824, respectively. Because hip fractures occur less frequently, a sample size of
approximately 16,000 women was required, based on the hip fracture incidence in the
alendronate Fracture Intervention Trial.'®® Analysis of clinical hip, non-vertebral, and
vertebral osteoporotic fractures included participants who took at least one dose of masked

study drug, with follow-up from the start of treatment to study completion. Cumulative

incidences were based on Kaplan-Meier estimates for time to first confirmed fracture, with

89



Tesi di dottorato in Scienze biomediche integrate e bioetica, di llaria Cavallari,

discussa presso I'Universita Campus Bio-Medico di Roma in data 9/07/2020.

La disseminazione e la riproduzione di questo documento sono consentite per scopi di didattica e ricerca,

a condizione che ne venga citata la fonte.
treatments compared using the Cox proportional hazards model, with terms for treatment,
stratum, and geographic region. Analysis of radiographic vertebral fractures was based on
life-table estimates from participants with both baseline and at least one post-baseline
evaluable spine radiograph. Treatments were compared using a generalised linear model for
binary data with the complementary log—log transformation of the probability of an event in
an interval, with terms for treatment, stratum, and geographic region.
Bone mineral density endpoints were analysed using a longitudinal model on the percent
change from baseline. The log-transformed fraction from baseline in bone turnover markers
was analysed using the same model. Because of probable bias created in LOFT Extension
from incomplete participation, the primary analysis was restricted to data from LOFT. We
also did an analysis of all available follow-up data from both LOFT and LOFT Extension.
Analysis of safety included participants who took at least one dose of masked study drug.
Treatment groups were compared using the Miettinen and Nurminen method via TIMI stats
for pre-specified adverse events of interest.”® For analysis of total mortality, data from all
sources were used. In addition to the intention-to-treat analysis, an on-treatment analysis was
conducted in which participants who did not experience an endpoint event were censored 14
days (approximately four half-lives of odanacatib) following last dose of masked study drug.
All Cls were two-sided, with a p value of less than 0.05 considered significant. No
adjustments were made for multiplicity for testing of secondary and exploratory outcomes.
Statistical analyses for cardiovascular events were done by TIMI using an independent copy
of the clinical trial database (SAS version 9.4) and confirmed by the sponsor. Throughout
LOFT and LOFT Extension, data were captured via Electronic Data Capture, using the
InForm system package (Oracle Health Sciences, Redwood Shores, CA, USA). Analyses of
study data were overseen by the data monitoring committee. Interim analyses were planned

d.l6l

when approximately 70% and 85% of the targeted 237 incident hip fractures had accrue

If the p values for all three primary endpoints (radiographic vertebral, and clinical hip and
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non-vertebral fractures) were lower than their corresponding boundaries via the a-spending
function (p<0.008 at the first interim), the committee could recommend early stopping of the
trial for efficacy. This trial is registered with ClinicalTrials.gov (number NCT00529373) and
European Clinical Trials Database (EudraCT number 2007-002693-66).
Role of the funding source
The funder of the studies, in collaboration with a scientific advisory committee who provided
input on the clinical development programme, developed the protocol, and had a role in study
design, data collection, data analysis, data interpretation, and reviewing of the report. The lead
author drafted the report, had full access to all the data in the study, and had final

responsibility for the decision to submit for publication. The TIMI Study Group had an

independent copy of the study database and confirmed all cardiovascular outcome analyses.

6.3 Results

Between Sept 14, 2007, and Nov 17, 2009, we randomly assigned 16 713 eligible women to
treatment, of whom 16 071 were included in the general safety and clinical fracture efficacy
endpoints analyses (8043 odanacatib, 8028 placebo; figure 1). For some analyses, the
denominator was less than 16 071, based on the number of participants with data available for
the specific endpoint. Database lock occurred on Jan 18, 2013, for LOFT, and July 23, 2016,
for LOFT Extension, including completion of adjudication of cardiovascular events by the
TIMI study group. Baseline characteristics were similar between treatment groups (table 1).
Mean age was 72.8 years (SD 5.3). Mean bone mineral density T-scores were —2.7 (lumbar
spine), —2.3 (total hip), and —2.7 (femoral neck). 46% (7470/16 071) had a previous vertebral
fracture. A minority of patients had a history of coronary artery disease or previous
cerebrovascular event (table 1); however, the prevalent cardiovascular risk factors included
hypertension, dyslipidaemia, diabetes, and family history of cardiovascular disease.

Approximately 25% were current smokers or had a previous history of smoking. The median
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observation period in LOFT was 36.5 months (34.43-40.15) and the median treatment
duration was 35.6 months. 8257 participants (4297 receiving odanacatib, 3960 receiving
placebo) entered LOFT Extension (figure 1), and 6601 completed the study; ie, completed 5
years’ treatment from randomisation. More participants on placebo than on odanacatib
discontinued study drug during LOFT (2718 vs 2378), many following a fracture, or because
they met criteria for excessive bone loss and were ineligible to enter LOFT Extension. Sites
in India did not participate in LOFT Extension, which resulted in a smaller proportion of
Asian women in LOFT Extension than in LOFT (table 1); sites in Peru also did not
participate. Despite these differences, most baseline characteristics were generally similar in
the LOFT and LOFT Extension study populations. Cumulatively, the median observation
period in LOFT plus LOFT Extension was 47.6 months (35.45-60.06) and the median
treatment duration was 42.1 months. In LOFT, the hazard ratio (HR) for odanacatib versus
placebo for radiographic vertebral fracture was 0.46 (95% CI 0.40-0.53; p<0.0001), with a
cumulative incidence of 3.7% (251/6770) versus 7.8% (542/6910; table 2). Risk reduction
was generally similar throughout the study (figure 2). HR for hip fracture was 0.53 (0.39-
0.71; p<0.0001), with a cumulative incidence of 0.8% (65/8043) versus 1.6% (125/8028)
(table 2, figure 2) and for non-vertebral fracture 0.77 (0.68-0.87; p<0.0001), with a
cumulative incidence of 5.1% (412/8043) versus 6.7% (541/8028; table 2).
When interaction with time was tested, efficacy for nonvertebral fracture tended to be greater
over time (p-interaction with time=0.017). Risk of clinical vertebral fracture and any clinical
osteoporotic fracture were also reduced with odanacatib (table 2).
Results from LOFT plus LOFT Extension showed the anti-fracture efficacy of odanacatib
over the 5-year study period was similar to that in LOFT (table 2, figure 2). As in LOFT, the
effect of odanacatib on non-vertebral fracture risk tended to be greater over time (p-

interaction with time=0.0025). In LOFT, odanacatib increased bone mineral density at the

lumbar spine and total hip, whereas with placebo bone mineral density remained generally
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stable at the lumbar spine and decreased at the total hip and femoral neck. At month 36, the
least-squares (LS) mean percentage increase in bone mineral density from baseline with
odanacatib was 8.6% (95% CI 8.4-8.7) at the lumbar spine and 4.8% (4.7-4.9) at the total
hip, with between-group differences of 7.8% (7.6-8.1; p<0.0001) and 6.4% (6.3-6.6;
p<0.0001), respectively. At month 36, urinary N-telopeptide of type I collagen/creatinine ratio
reduced by 44% from baseline and serum procollagen type | N-terminal propeptide (P1NP)
reduced by 12% with odanacatib; with placebo, urinary N-telopeptide of type |
collagen/creatinine ratio increased by 15% and serum P1NP was stable. Results from LOFT
plus LOFT Extension showed progressive increases in bone mineral density in the odanacatib
group over the 5-year study period. At month 60, the LS mean between-group difference was
10.9% (95% CI 10.5-11.2; p<0.0001) at the lumbar spine and 10.3% (10.0-10.6; p<0.0001)
at the total hip. At month 60, urinary N-telopeptide of type | collagen/creatinine ratio was
reduced by 48% from baseline and serum P1NP increased by 12% with odanacatib, whereas
with placebo, urinary N-telopeptide of type | collagen/creatinine ratio increased by 2% and
serum PINP increased by 10%. During LOFT and LOFT Extension, there were no
meaningful between-group differences in the incidence of adverse events or serious adverse
events overall, although selected adjudicated adverse events, including cardiovascular adverse
events, were reported more often in patients in the odanacatib group than in the placebo group
(tables 3, 4). Femoral shaft and subtrochanteric fractures, with and without atypical
radiographic features occurred more often with odanacatib than with placebo (table 3).
Femoral shaft fractures classified as atypical were not associated with prodromal pain, did not
appear related to duration of treatment, and all but one complete fracture occurred following a
fall. One additional atypical femoral fracture was incomplete and healed without progressing

to a complete fracture. No untoward effect of odanacatib on delayed fracture union were

noted. No confirmed cases of osteonecrosis of the jaw occurred.
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During LOFT, adjudicated morphea-like skin lesions were confirmed in more participants in
the odanacatib group than in the placebo group (p=0.019); one additional case occurring
during the study was reported after the initial database lock (table 3). Autoimmune serology
tests in these participants were negative, and none showed systemic involvement. Skin lesions
resolved or improved, generally following withdrawal of study drug. Other dermatological
adverse events were balanced between treatment groups. Three participants were reported
with systemic sclerosis during LOFT, all with positive autoimmune serology at baseline. No
additional cases of morphea-like skin lesions or scleroderma were reported during LOFT
Extension. During LOFT, 518 patients with events for the composite endpoint of
cardiovascular death, myocardial infarction, or stroke, and 208 new onset atrial fibrillation or
atrial flutter events were reported. HR for cardiovascular death, myocardial infarction, or
stroke (odanacatib vs placebo) was 1.12 (95% CI 0.95-1.34; p=0.18) with an incidence of
3.4% (273/8043) versus 3.1% (245/8028; table 4, figure 3). HR for new onset atrial
fibrillation or atrial flutter (odanacatib vs placebo) was 1.18 (0.90-1.55; p=0.24); incidence
1.4% (112/8043) versus 1.2% (96/8028; table 4). Among secondary outcomes, odanacatib
was associated with an increased risk of stroke (table 4, figure 3), of which 78.3% were
adjudicated as ischaemic and 9.6% as haemorrhagic. The risk of myocardial infarction or
cardiovascular death was not increased with odanacatib. Risk of new or recurrent atrial
fibrillation or flutter (table 4, figure 3) tended to be higher with odanacatib. New onset atrial
fibrillation was reported in 9.2% (22/240) of participants who had a stroke. When follow-up
included LOFT Extension, cardiovascular outcomes were generally similar to those in LOFT,
with participants in the odanacatib group having a higher risk of stroke and a numerically
higher risk of new or recurrent atrial fibrillation (table 4). With the increased number of
patients with events included from LOFT Extension (744 cardiovascular death, myocardial

infarction, or stroke; 363 new or recurrent episodes of atrial fibrillation or flutter and 324

stroke), the HR for cardiovascular death, myocardial infarction, or stroke with odanacatib
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versus placebo was significant (HR 1.17, 95% CIl 1.02-1.36; p=0.029; incidence 5.0%
[401/8043] vs 4.3% [343/8028]; table 4, figure 3), which was primarily due to an increased
risk of stroke (HR 1.37, 1.10-1.71; p=0.0051; table 4, figure 3). We found no evidence of
effect modification on the risk of stroke on the basis of age, previous stroke or transient
ischaemic attack, diabetes, hypertension, or previous myocardial infarction in LOFT or LOFT
Extension. In the on-treatment analysis, qualitatively consistent results occurred across all
cardiovascular endpoints. To analyse total mortality, including cause of death, we used all
available data on both continuing participants and those who had discontinued. In LOFT,
there were numerically more deaths in the odanacatib group than in the placebo group (5.0%
[401/8043] vs 4.4% [356/8028]; HR 1.13, 95% CI 0.98-1.30; p=0.10). Over the 5-year study
period that included LOFT Extension, the numeric between-group difference in total mortality
was less (odanacatib vs placebo: 8.5% [682/8043] vs 8.1% [651/8028]; HR 1.05, 95% CI
0.95-1.17; p=0.34). All reported deaths in LOFT and LOFT Extension were adjudicated as to
cause by TIMI. In both LOFT and LOFT Extension, the largest between-group difference
among adjudicated causes of death over the 5-year study period was in death due to
malignancy, but assessment of the individual cases revealed no consistent pattern as to the

reported type or types of malignancy.
6.4 Conclusions

In postmenopausal women with osteoporosis, treatment with odanacatib significantly reduced
the risk of osteoporotic fractures, including fractures at the spine and hip. The relative
reductions in fracture risk were similar to those in previous studies with other drugs for
osteoporosis that inhibit bone resorption.’®®%1"* Over 5 years, spine and hip bone mineral
density increased in the odanacatib group versus placebo. Protection from non-vertebral
fractures appeared to increase with longer duration of therapy, consistent with the progressive
changes in bone mineral density and the effects of odanacatib on strength of the cortical

component of long bones in pre-clinical studies.**">#1°6157
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The increase in subtrochanteric and femoral shaft fractures with odanacatib was unexpected
and is not currently understood. All confirmed atypical femoral shaft fractures met American
Society for Bone and Mineral Research criteria.’®®**" There was also an unexpected increase
in the risk of stroke with odanacatib in both LOFT and LOFT Extension, with most events
ischaemic in aetiology. This effect was consistent across pre-specified subgroups including
those with history of cerebrovascular disease. However, odanacatib did not increase the risk
of myocardial infarction and therefore there is no clear evidence it is prothrombotic or

proatherogenic. We also noted a non-significant trend (p=0. 074) toward more episodes of

new or recurrent atrial fibrillation or flutter with odanacatib, but this did not account for the
increase in strokes given that few participants reported with a stroke were documented to have
also had an atrial arrhythmia. However, we cannot exclude potential subclinical episodes of
atrial fibrillation or flutter that were not detected or captured in the database.

The mechanistic underpinnings to explain these cardiovascular effects are unknown. Before
our study, pre-clinical evidence suggested that odanacatib might have a cardioprotective role.
Cathepsin K has highly potent elastase and collagenase activity and has therefore been
hypothesised to contribute to atherosclerotic plaque instability by diminishing the structural
integrity of the vascular wall. Increased expression of cathepsin K has been identified in
macrophages and smooth muscle cells at sites of vascular matrix remodelling in human
atheromas.'**"21"® Deficiency of cathepsin K in apolipoprotein-E knockout mice was shown
to reduce plaque progression and induce fibrosis, but promote macrophage foam cell
formation by increasing scavenger receptor mediated uptake of modified LDL, leading to
increased cellular storage of cholesterol esters.'* Cathepsin K has been hypothesised to have
a detrimental role in other cardiovascular disease states including heart failure and aortic and
cerebral aneurysms,*"**" further supporting the hypothesis that a cathepsin K inhibitor would
be associated with cardiovascular benefit. However, since growing evidence suggests

structural remodelling of the extracellular matrix might increase the risk of developing atrial
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arrhythmia,"®*"" it is plausible that cathepsin K inhibition could drive the development of
supraventricular arrhythmias by altering local cathepsin K elastase and collagenase activity in
the atrium. Further assessment of vasculotropic effects of osteoporosis drugs and of
cardiovascular risk might be warranted for future trials of established and novel therapies for
osteoporosis.t” To put the fracture efficacy and cardiovascular safety results in context, the
results of LOFT suggest that for every 1000 women treated with odanacatib for 3 years,
odanacatib might be expected to prevent approximately 40 vertebral and eight hip fractures,
but could also lead to an increase of four strokes. Furthermore, there were numerically more
deaths in the odanacatib group than in the placebo group; however, this difference was not
significant. Based on the overall balance between benefit and risk, the study’s sponsor
announced that they would no longer pursue development of odanacatib for treatment of
osteoporosis. Nonetheless, the current findings have important implications for the
development of other novel drugs to treat osteoporosis.
Our study had several limitations. Approximately 50% of participants who entered LOFT did
not enrol in LOFT Extension. Many of these were ineligible because they were not taking the
study drug at the end of LOFT due to excessive bone loss, which occurred more often in the
placebo group than the odanacatib group. Because excessive bone loss is a recognised risk
factor for morbidity and mortality in older people,'”**® this result might have led to
informative censoring in LOFT Extension. Despite this limitation, analyses that include data
from LOFT Extension are presented for completeness because of the substantial number of
additional clinical events reported and because these results reflect the long-term profile of
treatment with odanacatib. For example, 518 primary endpoint cardiovascular events of
cardiovascular death, myocardial infarction, or stroke occurred during LOFT and an
additional 226 occurred during LOFT Extension, and the total number of deaths reported was
757 in LOFT and an additional 576 occurred during the extension study. However, despite

some baseline characteristics being similar in LOFT and LOFT Extension, between-group
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comparison of adverse events based on those reported during LOFT Extension should be
interpreted with caution because of the risk of bias in the setting of incomplete patient
participation in LOFT Extension. Also, because LOFT was not a dedicated cardiovascular
outcomes trial, the detail about a participant’s cardiovascular history was less than would be
expected for a trial designed to explicitly test this outcome. Another limitation was that the
final cardiovascular event adjudication process was initiated during the LOFT Extension and
therefore there might not have been enough detailed information surrounding earlier events in
some instances (it was not always possible to obtain all documents requested for
adjudication). Although no further clinical studies with odanacatib are planned, future
biomarker and genetic analyses might determine whether genotypic or phenotypic markers
can identify participants for whom the balance between efficacy and safety of odanacatib was
more favourable. Such analyses might also yield valuable insight into the pathobiology of the
observed increased risk of stroke.
In conclusion, in a trial of more than 16 000 postmenopausal women with osteoporosis
followed for up to 5 years, treatment with the cathepsin K inhibitor odanacatib was associated
with progressive increases in bone mineral density and reductions in the incidences of
vertebral, hip, and non-vertebral fractures. However, treatment also increased the risk of
stroke. Further investigation is warranted to understand the pathobiology of this finding, as it
might provide insights into overlapping disease pathways in bone and cardiovascular biology
that would guide future development of both osteoporosis and cardiovascular disease

therapies. However, further development of odanacatib as a potential treatment for patients

with osteoporosis was stopped based on the overall balance between benefit and risk.
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6.5 Tables

Table 1. Baseline characteristics of the intention-to-treat population

LOFT LOFT Extension*®
Odanacatib Placebo Odanacatib Placebo
(n=8043) (n=8028) (n=4297) (n=3960)
Age (years) 72:8(54) 72:9(53) 726(52) 725 (50)
BMI (ka/m’) 25-4(4-5) 255(4-6) 25:6(45) 257 (45)
Regiont
Americas 2848 (35-4%) 2827 (35-2%) 1817 (42-3%) 1676 (42-3%)
Asia-Pacific 1378 (17-1%) 1360 (16-9%) 384 (8-9%) 362 (9-1%)
Europe 3817 (47.5%)  3841(47-8%)  2096(488%)  1922(48:5%)
BMD T score
Lumbar spine -2.68(1.24) -2.65(1.23) -2.64(1.21) -2.58(1-18)
Total hip -2.35(0-70) -2.35(071) -2-30 (0-67) -2.27 (070)
Femoral neck -2.66(0-52) -2.66(0-52) -2.62 (0-50) -2-60(0:50)
Previous vertebral fracture
Yes 3733 (46-4%) 3737 (46-5%) 2012 (46-8%) 1837 (46-4%)
No 4310(536%)  4291(535%)  2285(532%)  2123(536%)
Serum 25-hydroxyvitamin ~ n=1392; 20.48 n=1416; 3033 n=702;31-12 n=641;31.16
D (ng/mL) (11.49) (11.52) (1050) (1170)
Biochemical markers
Urine N-telopeptides of n=844; 47-31 n=858; 47-38 n=489; 44-44 n=426; 43-32
type | collagen:creatinine  (41-20) (33-21) (25.70) (25-00)
ratio (nmol BCE/mmaol)
Serum N-terminal n=852; 58-30 n=868;58-94 n=491; 58.21 n=423;:56-24
propeptidesoftype1 ~ (25:95) (31:38) (2474) (2446)
collagen (ng/mL)
Cardiovascular risk factors
Current or previous 1962 (24-4%) 1919 (23-9%) MNA MNA
smoker
Hypertension 4426 (55-0%) 4554 (567%)  NA NA
Dyslipidaemia 3281 (40-8%) 3267 (40.7%) NA MA
Diabetes 938 (11:7%) 921 (11:5%) NA NA
Known coronary artery 946 (11-8%) 9009 (12-4%) NA NA
disease
History of heart failure 202 (2:5%) 2017 (2-6%) NA MA
History of stroke or TIA 281(3-5%) 293 (3.7%) NA MA
Family history of 2687 (33-4%) 2716 (33-8%) NA MNA
cardiovascular disease
aGFR <60 mL/min per 1798 (22-4%) 1870(23-4%) NA NA
1.73m (CKD-EPI)
LDL-cholesterol (mg/dL) 122 (98-148) 123 (99-148) NA MA
Baseline medication use NA NA
Antiplatelet 1688 (21-0%) 1721(21.4%)  NA NA
Statin 1595 (19-8%) 1527 (19-0%)  NA NA
Anticoagulant 106 (1-3%) 109 (1-4%) NA MA

BMD=bone mineral density. BCE=bone collagen equivalents. NA=not available. TIA=transient ischaemic attack. eGFR=estimated
glomerular filtration rate. CKD-EPI=Chronic Kidney Disease Epidemiology Collaboration. *Baseline characteristics are data from
the time of randomisation in LOFT. TAll study sites in India (19 centres) and Peru (10 centres) did not participate in LOFT Extension
because the protocol did not receive regulatory approval there. The single study site in Lebanon also did not participate in LOFT
Extension because of resourcing issues. An additional 104 study sites (in 24 countries) chose not to participate in LOFT Extension.
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Table 2. Effect of odanacatib on the risk of fractures

LOFT LOFT plus LOFT Extension
Odanacatib Placebo Hazard ratio Odanacatib Placebo Hazard ratio
(n=8043) (n=8028) (95% C1) (n=8043) (n=8028) (95% CI)
Primary endpoints*®
Radiographic vertebral fracturet 251 (37%)% 542 (7-8%)% 0-46 (0-40-0-53)§ 341 (4-9%)|| 675 (9-6%)|| 0-48 (0-42-0-55)§
Hip fracturef] 65 (0-8%) 125 (1-6%) 0-53 (0-30-0:71)§ 86 (11%) 162 (2.0%) 0-52 {0-40-0-67)§
Non-vertebral fracturef] 412 (5-1%) 541(67%) 077 (0-68-0-87)5 512 (6-4%) 675 (8-4%) 074 (0-66-0-83)§
Secondary endpoints
Clinical vertebral fracture¥ 37 (0-5%) 133(17%) 0-28 (0-19-0-40)§ 55 (07%) 162 (2-0%) 0-33(0-24-0-45)§
Any clinical fracture®] 445(5-5%) 662 (8.2%) 0-67 (0-60-0.76)§ 561 (7-0%) 812 (10-1%) 0-67 (0-60-0.75)§

Data are n (%) except where stated otherwise. Traumatic fractures were excluded from the analysis (74 and 83
fractures for odanacatib and placebo, respectively, in LOFT; and 100 and 105 fractures for odanacatib and
placebo, respectively, in LOFT plus LOFT Extension). *If the p values for all three primary endpoints were
lower than their corresponding boundaries via the a-spending function (p<0.008 at the first interim analysis), the
data monitoring committee could recommend early stopping of the trial for efficacy. fInterval censored analysis:
generalised linear model for binary data with cloglog link and terms for time interval, treatment, stratum, and
geographic region. fIn LOFT, there were 6770 participants in the odanacatib group and 6910 in the placebo
group with both baseline and at least one post-baseline evaluable radiograph values for determination of
radiographic vertebral fractures. §p<0.0001. fCox proportional hazards model with terms for treatment, stratum,
and geographic region. |[In LOFT plus LOFT Extension, there were 6909 participants in the odanacatib group
and 7011 in the placebo group with evaluable radiographs available at baseline and at least one other timepoint
for determination of radiographic vertebral fractures.
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Table 3. Summary of adverse events

LOFT LOFT plus LOFT Extension
Odanacatib Placebo Estimated difference Odanacatib Placebo Estimated difference
(n=8043) (n=8028) in rates per (n=8043) (n=8028) in rates per
100 patient-years 100 patient-years
(odanacatib minus (odanacatib minus
placebo) placebo)
All 6803 (857%) 6887 (85-8%) 152 (-1.80to4-84)  7101(88.3%) 7084 (88.2%) 0-88 (-2-30to 4.07)
Serious 1907 (237%) 1962 (24-4%)  -019(-079t00-41)  2440(303%) 2444 (30-4%) -022(-077t0032)
Leading to discontinuation of 662 (8-2%) 611 (7-6%) 0-27 (-0-04 to 0.58) 777 (9.7%) 730 (9-1%) 0-11 (-0-16 to 0-37)
blinded study drug
Adjudication confirmed
Femoral shaft fracture® 22(0-3%) 13 (0-2%) 0-04 (-0-01tc 0-09) 26 (03%) 7 (0:1%) 0-06 (0-03t0 0-11)
Atypical femoral shaft 5(0-1%) 0 0-02 (0-01to 0-05) 10(0-1%) 0 0-03 (0-02 to 0-06)
fracturet
Delayed fracture uniont 10 (2-1%) 16 (2.6%) -0-16 (-078 to 0-50) 18 (3-1%) 18 (2-4%) 0-15 (-0-20 to 0-64)
Osteocnecrosis of the jaw 0 0 0(-0.01to 0.01) 0 1] 0(-0.02to 0.02)
Morphea- like skin lesion 125 (0-1%) 3 (<0-1%) 0-04 (0-01to 0-08) 135 (0-2%) 3(<01%) 0-03 (0-01 to 0-07)
Systemic sclerosis 2(<01%) 1(<01%) 0-00 (-0-02t0 0-03) 2 (<01%) 1(<01%) 0-00 (-0-01t0 0-02)
Serious respiratory infection 101 (1-3%) 123 (1-5%) -0-09 (-0-22t0 0-04) 129 (1-6%) 147 (1-8%) -0-07 (-0-18 to 0-04)

Data are n (%) or estimated difference (95% CI). *Shaft indicates subtrochanteric/femoral shaft. TAll femoral
fractures with atypical features met both American Society for Bone and Mineral Research 2010 and 2013 Task
Force criteria. 473 patients in the odanacatib group and 611 in the placebo group in LOFT; and 588 patients in
the odanacatib group and 761 in the placebo group in LOFT plus LOFT Extension. 8A 13th case of morphea
with odanacatib occurred during LOFT but was reported after the initial database lock so was not included in the
analysis of LOFT.
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Table 4. Pre-specified cardiovascular endpoints of interest

LOFT LOFT plus LOFT Extension
Odanacatib  Placebo Hazard ratio pvalue Risk difference Odanacatib ~ Placebo Hazard ratio pvalue  Risk difference
(n=B043)  (n=B028) (95% Cl) (95% C1) (n=8043) (n=B028)  (95%0) (95%CI)
Primary cardiovascular endpoints
Cardiovasculardeath, 273 (34%) 245(31%) 112(0:95-134) 018 03(-020t00-89) 401(50%) 343(43%) 117(102-136) 0029 07 (0-06t01:37)
myocardial infarction,
or stroke
New onset (or 112 (14%)  96(12%) 118(090-155) 024 02(-015t00-55)  164(2:0%) 141(1-8%) 117(0-93-146) 018 02 (-0-14t0 0-71)

presumed new onset)
atrial fibrillation or
atrial flutter

Secondary cardiovascular endpoints

Four-point MACE 293(3-6%) 264(33%) 112(095t0132) 04181  03(-021t0092) 422(52%) 371(46%) 114(0.99-131) 0062 06 (-0-04 to0 1-30)
Cardiovasculardeath 115 (1-4%)  99(12%) 116(0-B9to152) 028 02(-016to0-56) 185(23%) 164(2-0%) 113(0-92-140) 025 03 (-0-19 to 0-71)
Myocardial infarction 60 (07%)  74(09%) 0-82(058to115) 026 -0-2 {(-0-46 to 0-11) 84 (1.0%) 90(11%) 0-94(070-126) 067 -0-1(-0-40to 0-25)
Stroke* 136(17%) 104(13%) 132(102to170) 0034 0-4(002to078)  187(23%) 137(17%) 137 (110-171) 00051  0.6(018t01.06)
Ischaemic stroke 107 (13%)  81(10%) 133(100to178) 0052  03(-001to0-66) 143(18%) 102(13%) 141(109-181) 00084  0.5(0-13to0-89)
Haemorrhagicstroke 14 (0-2%) 9(01%) 156 (0-68t03-61) 030 01(-006ta019)  20(0-2%)  16(02%) 125(0-65-2:41) 051 0-0(-010t0 0-21)
Undetermined stroke 17 (0-2%) 15(02%) 114 (057 t0o2-29) 070 0-0 (-0-12 to 0-17) 27 (0-3%) 20(02%) 135(076-241) 031 0-1(-0-08 to 0-26)
Admission to hospital 23 (0-3%) 22(03%) 1.06(059to1-89) 0-86 0-0 (-0-16 to 0-18) 25(0-3%) 32(0-4%) 079(047-133) 037 -01

for unstable angina (-0-28 to 0-099)
New onset (or 60(07%) 55(07%) 110(076to159) 061 0-0(-0-20t00:33)  88(11%)  72(0-9%) 123(0-90-168) 020 02 (-011t0 051)

presumed new onset)
atrial fibrillation (ECG
confirmed onlyt)

New o recurrent 141(18%) 114(14%) 125(098to160) 0074  04(-005t0072) 199 (25%) 164(20%) 122(099-150) 0059  0.5(-0-03to0-89)
episode of atrial

fibrillation or atrial

flutter

All-cause death 401 (5-0%) 356(4-4%) 113(0-98t0130) 010 0-6(-010to1-21)  682(85%) 651(81%) 1.05(0-95-117) 034 0-4(-0-48t0122)

Data are n (%) unless otherwise stated. Four-point MACE included cardiovascular death, myocardial infarction,
stroke, or admission to hospital for unstable angina. MACE=major adverse cardiovascular events.
ECG=electrocardiogram. *Each individual row in the table reflects the complete number of first events for that
particular event type. Some participants had more than one stroke type (eg, ischaemic and haemorrhagic) and,
therefore, the sum might exceed the total number of strokes. TECG or similar electrical tracing was available and
provided to the clinical events committee to confirm an episode of atrial fibrillation or atrial flutter.
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6.6 Figures

Figure 1. Trial profile
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Figure 2. Vertebral and hip fractures
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Figure 3. Cardiovascular events
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