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Clinical/socio-economical needs: the big question of CHF
after AMI

AMI (0.81 milion hospitalizations each year in U.S.) and its related long-term
complications represent a major public health problem

The current state-of-the art treatment of AMI is coronary revacularization (PCA); after the
introduction of PCA in-hospital mortality reduced from 30% to currently < 6%

Despite improvements in reperfusion therapy, almost 1 million new patients per year
are at risk for developing HF

The 2020 World Health Organization projections view the high incidence of post-
ischemic HF as the most important cause of mortality and morbidity

Limitation of infarct size extent and recovery of dysfunctional contractile segments
are the key elements for preventing post-ischemic LV remodeling

The pathophysiology of a disease (i.e. AMI/CHF) is a dynamic and evolving concept;
cardioprotection and tissue repair represent new therapeutic challenges

There have been very few promising new pharmacologic treatment options for CHF
in recent years
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The background of “thyroid/heart liaison” after AMI

* Growing experimental evidences have shown that thyroid hormones
(THs) play a fundamental homeostatic and regulatory role on the
CV system both in physiological and pathological conditions

* THs are key elements in the regulation of molecular mechanisms of
cardioprotection, myocyte repair, cardiac metabolism and
angiogenesis, all above mechanisms being involved in LV remodeling

* There is rapid and significant decline in biologically active T3
during the first week after AMI in at least 30% of patients; in animals
serum T3 levels did not normalize for two months
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Low-T3 syndrome

A strong prognostic predictor of death in patients with heart disease

(n=573)

CUMULATIVE DEATH
Normal T3

99.4%
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§ Low T3 88.5%
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Thyroid state, CAD and prognosis of AMI in humans:
evidence from observational studies

* After hospital discharge mortality was highest among patients with the
most pronounced T3 depression and biologically inactive reverse T3
elevation

* There is a worsening prognosis in post-MI patients with persistently low plasma
T3

* Mild TSH abnormalities indicating mild primary hypothyroidism
(prevalence in general population 8-12%) are associated with increased
mortality for CAD. This support the hypothesis that even mild TH dysfunction

plays an important role in the myocardial response to ischemia
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Rapid Down-regulation of Thyroid Hormones
in Acute Myocardial Infarction

Is It Cardioprotective in Patients With Angina?

Leif Friberg, MD; Sighritt Werner, MD, PhD; Gasta Eggertsen, MD, PhID; Staffan Ahnve, MD, PhD, FACP
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Values are expresse:l as meanxSEM To I:nmrert nan&grams per

iter to nanomoles per liter (Ts), multiply by 0.0154, Comparing T, values
between survivors and those who died, at each occasion those who died had
significantly lower T, values as indicated by the asterisks: P<.05 (*);

P<O1(**)and P<001 (***). 4/ b Intern Med. 2002:162:1388-1394
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Subclinical Hypothyroidism and the Risk
of Coronary Heart Disease and Mortality

Nicodas Rodoadi, M MAS
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Context Data regarding the assodation between subdinical ypothyroidim and ca-
diovascular disease outcomes are conficting among larges prospective oohioet studies

Thits rlght reflect differences in pasticipants’ age, sex, thyroid-stmulatng horrmone
(TSHE levels, or preeadsting cardiovascular diseass

Cbjective To aisess the risks of coranary heart dissase (CHE) and tolal mortality
for adults with subdinical hypothyroldism

Data Sowrces and Study Selection The datsbase of MEDLUINE and BMEBASE (1950
toMay 31, 2700 were searched without language restrictions for prospective cohort
dtudied valh baseline thyrodd funcion and subsequent CHD édents, CHD mortaliy,
and total mortaity. The reference ksts of retreved artides also were searched,

Data Extracton ndividual dalz on 55287 parbicipants with 542 &84 person-jyrears
af folloa-up betwesn 1972 and 2007 were supplied from 11 prospective cohorts in
the Linitad States, burcpe, Australia, Brazil, and tapan. The risk of CHD events was

Concluslons Subcdlinical hypothyroidism Is associated with an Increased risk of CHD
events and CHD mortality in those with higher TSH levels, particularly in those with a
TSH concentration of 10 mIU/L or greater.

JAMA. 2010;304(12):1365-1374
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fo 159 miUA (n=T0 events 235, 28 41000 person-years, P 001 lof trend), The
coarespanding HAs for CHD mortality were 1.08 (85% €1, 0.91-1.30; 5.3 vs 4.9/
1000 person-years Tor participants with euthyroidism, 1.42 ©5% CI1, 1.03-1.95, 6.9/
000 person-yoarsy, and 1.58 (05% CI, 1.10-2.27, n=18 dwathir333; 7 7 M000 perton-
years; Fe 005 for trend). Total mortality was not increased among partidpants with
wbclnical hypothyrokdam, Reults were similar after further tment for traadi-
tienal cardeovascular sk factors. Risks did not significanthy differ by age, s=x, or pre-
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Concluslons Subschnical hypothyroidism & aseciated with an increased rsk of CHD
events and CHO mortality in those with higher TSH kevels, particdarly In those witha
T5H concertration of 10 miLLL o greater
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Type and dosage of administered “Thyroxine” in the Coronary

Drug

Pont

Project: a “underestimated” problem??

1973 Coronary Drug Project: Large clinical study examining effect of “inactive”
thyroid analog D-T4 (6 mg/day) on 8,341 patients with AMI

Main finding: D-T4 led to small, but significant increase in arrhythmias and
worse outcome

Problem: “Inactive” D-T4 dose too high, biologically active, and administered
pill also contaminated with high dose of active L-T4. Total dose of L-T4: 280-
300 mcg/day, i.e. 3-4 times the daily production of T4 by thyroid gland!

True conclusion: Toxic doses of THs can lead to increased arrhythmias and
possibly death in AMI patients

Wrong message currently taught. THs are too dangerous to treat heart
patients
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The clinical relevance of the low T3 syndrome in post-AMI/
CHF

* There are a total of 14 million people in Europe with CHF with 3.6
million new cases diagnosed annually

* CAD is the underlying etiology in 70-80% of CHF population

* 50% of patients with CHF survive for 5 yrs, 50% of patients with
NYHA class |V survive 1 yr

* 30% of CHF patients with more clinically advanced disease
(NYHA functional class llI-IV) have low T3 levels

* More than one million post-AMI CHF patients in Europe may
show a low T3 syndrome
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Mechanisms of a low thyroid hormone action on the heart

Reduced thyroid hormone function in the heart could arise from
one or more of the following mechanisms:

* reduced T3 production and/or increase in T3 degradation due to
inhibition of D1 and D2 activity and/or increased activity of D3

* reduced thyroid hormone uptake in the cardiac tissue

* altered signaling due to changes in thyroid hormone nuclear
receptors
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Low Circulating T3

> | T3myocardial tissue
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» LOW THYROID FUNCTION <=
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HEART PERIPHERAL VASCULATURE EXTRACARDIAC ORGANS
LCardiac cells, Interstitium, Vasculature  Vascular Endothelium Vascular Brain Kidney Muscle NE System Bone Marrow
tone function remodeling |Depressive {GFR TLactate levels {NP production |Erythropoiesis
disorders {GTB | Exercise 1TSympathetic
capacity activity
A

Altered growth and remodeling

l v

IDiastolic and systolic dysfunction Increased vascular resistance
l v
Low cardiac performance Reduced systemic perfusion

\A (Circulatory failure)

!

PROGRESSION OF HEART FAILURE: |
FROM ORGAN TO SYSTEMIC DISEASE

Legend:

GFR: Glomerular Filtration Rate; GTB: Glomerular Tubular Balance; NE: Neuro-Endocrine; NP: Natriuretic Peptides
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Acute and long term effects of Thyroid Hormone Replacement
therapy in patients with ST-Elevation Myocardial Infarction (STEMI)
and borderline/reduced triiodothyronine levels (Phase |l B study)

Eudractn® 2009-010869-23

3. |
Efficient Patient Recruitment for l
Innovative Clinical Trials of
Existing Drugs to other Indications l_

m-PﬂﬂtE'FmiEﬂt-Eu Tris pregact b partiaty fundid by P Europaan Commisson ssar tha TIh Framssank Frogramme -



@ THIRST Trial End-Points

Primary end-points

Safety of L-T3 replacement therapy after AMI
Effect of L-T3 replacement therapy on:
* chamber diameter/non-infarct wall thickness

* major (cardiac and non cardiac death, re-infarction) and minor (angina, coronary
revascularization, hospitalization) adverse cardiac events

Secondary end-points
Effects of L-T3 replacement therapy on:
* infarct size, wall motion abnormalities
* systolic and diastolic myocardial function
* neuroendocrine imbalance
e quality of life; patient’s functional capacity, cognitive and behavioural status
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Inclusion criteria

M/F patients with STEMI (ST Elevation Myocardial Infarction)
Age 30 - 70 years
PTCA and stenting within 24 hours from the onset of symptoms

Evidence of fT3 levels below the lower reference limit (<2.2 pg/mL for
our laboratory) or decrease in fT3 plasma levels > 20% with respect
to the admission levels

Written Signature on Informed Consent Form before randomization
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Exclusion criteria

Previous myocardial infarction

Previous evidence of moderate-to-severe compromised LVF (EF< 40%)
Hemodynamic instability or complex ventricular arrhythmias, cardiogenic shock, AF.
Use of inotropic drugs

Thyroid disease

Patients assuming: TH replacement therapy, anti-thyroid drugs, corticosteroids, amiodarone,
oral anticoagulant therapy, oral contraceptives

Pregnant or breast-feeding women

Severe systemic diseases including: neoplasia, decompensate diabetes mellitus with
glycosylated hemoglobin levels >9%, liver cirrhosis, chronic obstructive lung disease with
moderate to severe respiratory impairment, chronic kidney failure with creatinine plasma
levels >3 mg/dL

Systemic inflammatory/autoimmune disease

Patients holding mechanical cardiac valves, pace-makers or infusion pumps, magnetic
materials like metallic clips and prosthesis

Patients refusing or unable to supply written Informed Consent
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Triiodothyronine vs Placebo

 Liothyronine Sodium

Dosage:15 mcg/m2b.s./die, to be assumed as drops 3 times
during the day, at 08:00 a.m., 04:00 p.m. and 10:00 p.m.

 Placebo

A solution of glycerol and ethanol at the same
concentration utilized in Liothyronine Sodium
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Treatment duration and management

Maximum treatment duration: 6 months

Borderline/elevated FT3 levels (> 4.2 pg/ml) and/or evidence of TSH
levels below 0.3 microlU/ml is followed by 50% reduction of
Liothyronine dosage for 10 days. In presence of an altered thyroid
function profile after 10 days Liothyronine treatment will be
discontinued

Adverse effects related to thyroid hormone/placebo administration

Maijor (i.e. reinfarction) and minor (angina, coronary revascularization,
re-hospitalization) adverse events at follow-up

Necessity of therapy with drugs interfering with thyroid hormone
dosage/metabolism
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Arrival
(Day 1)

Day 2

Day 3

Day 4

Discharge
(Day 5)

Clinical history and
examination

Clinical history and
examination

Clinical history and
examination

Clinical history and
examination

Clinical history
and examination

v'"Revascularizazion
v'Vital parameters

v'Vital Parameters

v'Vital parameters

v'Vital parameters

v'Vital parameters

Inclusion/Exclusion criteria
Informed consent signature

Randomization

T3/placebo

T3/placebo

T3/placebo

v'Biohumoral profile
v'Thyroid profile

v'Myocardial necrosis
(enzymes)

v'Thyroid profile

v'Myocardial necrosis
(enzymes)

v'Thyroid profile
v'Myocardial
necrosis (enzymes)
v'"Neurohumoral/Pro-
inflammatory profile

v'"MPs

v'Thyroid profile

v'Myocardial necrosis
(enzymes)

v'Thyroid profile
v'Myocardial
necrosis(enzymes)

v'"Neurohumoral/Pr
o-inflammatory
profile

v'"MPs
EKG EKG EKG EKG EKG
Transtoracic Echo 24 h- Holter Transtoracic Echo
monitoring Cardiac-MRI

Quality of life test
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Chronic Phase/Follow-up

30-day: Clinical history and examination, EKG, Holter EKG, Echocardiography, Thyroid
profile, 6 MWT

3-month: Clinical history and examination, EKG, Holter EKG, Echocardiography,
Thyroid profile, 6 MWT, Routine blood tests, Neuroendocrine and pro-inflammatory
profile

6-month:Clinical history and examination, EKG, Holter EKG,Echocardiography, Thyroid
profile, 6 MWT, Cardiac MR, QoL test
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THIRST STUDY:
27 Patients (mean age 55+8.8 yrs, 85% males)

Placebo Treatment Total

Total Sample,n 12 15 27
BMI 24.1(23.4-31.5) 26.8(24.1-29.3) 24.4(23.6-29.9)
SBP (mmHg) 120(107.5-125) 130(120-160) 120(110-140)
DBP (mmHg) 75(60-80) 80(60-80) 80(e0-80)
HR (beats/min) 69(59.5-75.5) 74(63-86) 70(60-80)
Troponine (ng/ml) 44.4(7.5-100.1) 54.6(23.3-82.7) 50.8(19.7-94.3)
CK-MB (ng/ml) 198.5(58.8-404.4) 251.5(152.8-315.6) 231.7(84.4-334.4)
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Preliminary Results: Safety Issues

No interruption of treatment
No major or minor side effects
No life-treathening arrhythmias

No difference in PVC/hr and PVC/day (placebo vs treated
patients)
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THIRST STUDY:

Ponte

unchanged parameters of clinical

Interest

Placebo Treatment
HR (beats/min) D 57.9 (4.1) 71.5 (17.6)
HR (beats/min) F 57.4 (3.2) 60.1 (11.7)
LV Dia Vol (ml) D 164.3 (32.7) 175.5 (49)
LV Dia Vol (ml) F 158.5 (25) 177.5 (49)
LV Syst Vol (ml) D 64.8 (21.1) 78.8 (31.4)
LV Syst Vol (ml) F 65.5 (19.2) 74.9 (32.7)
LV mass gr D 121.1 (21.1) 117.1 (21.9)
LV mass gr F 111.4 (27.8) 113.6 (25.4)

D:discharge; F: 6-month follow-up
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THIRST STUDY: LV stroke volume and LV ejection
fraction

CMR evaluation

15 0= P=0082 | W Dalf % LVEF
W Dl B LSy
10 (—
5 00—
0 0=
5 (30—
=400 Gh I I
Plocabo Tresimant
Placeba Trlll‘.!'lll.l'll
LVEF (%) Admission 60.6{5.9) 55.2{8.9)
LVEF (%) Follow-up 59.0{6.4) 58.8(9.0)
LVSY (ml) Admission 99.5(16.3) a7.3{25.2)
LwsY (mi) Follow-up o3 0{0.4) 102.6{21.7)
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THIRST STUDY: thyroid function

LR

3=

P=0 008
Fed uns
F=0.00%F P I] {1 1Rk]
i
P ﬂ (i lek]

HI..

E

T3 ipgmi-

i e

B T3 {pgimil
Dl i o

B T3 fpge'mill- Tman

B T3 ipg'mif- Srmrentta

:. n:_
P=0.003
P=0.041
B
T i
Flacaba Trasimant
Ft3 (pg/ml) Placebo Treatment
Admission 2.0(1.8-2.5) 2.3(2.0-2.4)
Discha rge I,E{I,E-E.U] 2,1{1,3-1.5]
1 month-Follow-up 2.4{2.1-3.0) 2.7(2.5-3.3)
3 months-Follow-up 2,6(2.1-3.1) 2.6(2.4-3.4)
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THIRST STUDY: thyroid function

- T4 ipgimill- FHM o rofi lirds
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Fuaceba Treatmart F'lar!sbn rramlmnrj
Ftd {pg/mil) Placebo Treatment TSH (microlU/ml) Placebo Treatment
Admission 10.7(8.9-11.4) 10.7{9.9-11.8) Admission 1.4(0.8-2.0) 0.7(0.3-1.4)
Discharge 9,5(8.4-10.8) 10.0{9.3-10.7) Discharge 2.6(2.1-3.3) 1.6{0.8-1.8)
3 months-Follow-up 8.3{9.0-11.4) g9.4(8.3-10.3) 3 months-Follow-up 1.2{1.0-1.7) 0.9{0.5-2.1)
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THIRST STUDY:catecholamines
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Placsbo Tralmarii

Noradrenaline (pg/ml) Placebo Treatment
Admission 228(72-462) 265(187-352)
Discharge 162(105-272) 302(214-332)
Follow-up 360(263-494) 243(134-319)
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MR delayed enhancement: the gold standard imaging
technique to assess the extension of myocardial necrosis

Anterior Wall (transmural extent) Apex (transmural extent)

Septum Lateral Wall
(subendocardial (transmural
extent) extent)
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THIRST STUDY: infarct size
CMR evaluation

Glabat DE (%)
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Placebo Traatmant
Global DE(%) Placebo Treatment
Admission 9.5(8.7) 20.4(7.7)
Follow-up 6.3(5.8) 13.9(6.5)
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THIRST STUDY: LV Wall Motion Score Index

CMR evaluation

16 P=0012 | A Adimine 1
i T e F ollaw up

d P= 022
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Flnceh Tralmant
WMSI Placebo Treatment
Admission 1.23{(0.4) 1.4(0.3)
Follow-up 1.18(0.3) 1.3{0.3)
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CONCLUSIONS

* Preliminary data suggest that thyroid hormone treatment
after AMI is safe

* Benefits of thyroid hormone treatment after AMI may be
substantial

... but more work and data needed!
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