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PERHEXILINE FOR TREATING CHRONIC
HEART FAILURE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. applica-
tion Ser. No. 13/244,103, filed Sep. 23, 2011, which is a
continuation of U.S. application Ser. No. 10/592,250, filed on
Sep. 8, 2006, (and afforded a35 U.S.C.371(c)(1), (¢)(2), and
(c)(4) requirements date of receipt of Jul. 2, 2007), which is
the National Stage of International Application No. PCT/
GB2004/003835, filed Sep. 7, 2004, which claims the benefit
of GB 0405381.5, filed Mar. 10, 2004. The entire contents of
each of the above-identified applications are incorporated
herein by reference.

BACKGROUND OF THE INVENTION

[0002] Chronic heart failure (CHF) is associated with con-
siderable morbidity and mortality despite recent advances in
heart treatments. There are a number of aetiological condi-
tions that ultimately result in chronic heart failure including
coronary artery disease, different cardiomyopathies, hyper-
tension, or valvular diseases. A detailed characterization of
chronic heart failure as a clinical syndrome may be found in
Hunt S A, Baker D W, Chin M H, Cinquegrani M P, Feldman
A M, Francis G S, Ganiats T G, Goldstein S, Gregoratos G,
Jessup M L, Noble R J, Packer M, Silver M A, Stevenson L. W.
ACC/AHA guidelines for the evaluation and management of
chronic heart failure in the adult: a report of the American
College of Cardiology/American Heart Association Task
Force on Practice Guidelines (Committee to Revise the 1995
Guidelines for the Evaluation and Management of Heart Fail-
ure). 2001. American College of Cardiology (http://www.acc.
org/clinical/guidelines/failure/hf_index.htm).

[0003] Coronary artery disease (obstruction or blockage of
the arteries of the heart) leads to ischaemia; this is character-
ized by a lack of blood supply to tissues; in this case the heart.
This lack of this essential oxygen and nutrients can result in
the tissue becoming impaired or permanently damaged. Once
damaged the cardiac tissue is unable to perform its function.
As such, the strength and efficiency of the heart muscle is
reduced (this is technically termed left ventricular systolic
dysfunction and results in a reduced ejection fraction; a mea-
sure of the pumping capacity of the heart). In addition to its
ability to damage the heart muscle; cardiac ischaemia is fre-
quently though not invariably identified by the physical
symptom of angina (in some cases—ischaemia may occur
without the correlate of anginal chest pain). Angina typically
occurs under circumstances that would be expected to
increase the hearts workload; resulting in an increased
requirement for energy. This increased energy requirement
necessitates increased oxygen provision that cannot be pro-
vided in the presence of arterial blockage; causing relative
ischaemia and hence pain. Exercise is a good example of this,
where the output of the heart is increased but the blood supply
does not match this increase in performance and thus some of
the heart tissue becomes ischaemic resulting in pain. This
ischaemia, despite causing pain need not invariably result in
irreversible heart damage and is not invariably related to
pump dysfunction. Although ischaemia can cause both
angina and heart failure, the exact manifestation of ischaemia
relates to its severity and time course. Ultimately ischaemia as
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an inciting influence for heart failure is dissociable from its
capacity to cause angina; they may or may not co-exist.
[0004] However, a lack of blood supply is only one of the
many causes for cardiac pump impairment. Other reasons
include cardiac arrhythmias (abnormal heart electrical
rhythms), hypertension (high blood pressure), valve diseases,
infections, toxins or impairment in the nervous stimulation of
the heart to name but a few.

[0005] While these initial insults to the heart are diverse in
character and severity, their common feature is that they cause
either damage to heart muscle cells (myocytes) or at least
impair their ability to contract. This results in left ventricular
systolic dysfunction. It is this common feature that triggers
the cascade that results in the stereotyped and distinct state of
chronicheart failure. As discussed in “Mechanisms and Mod-
els in Heart Failure: A Combinatorial Approach”, by Douglas
L. Mann, M D, Circulation, 1999; pages 999-1008 and in
“Drug Therapy: The Management of Chronic Heart Failure”,
by Jay N. Cohn, M D, New England Journal of Medicine
1996; pages 490-498), heart failure may be viewed as a pro-
gressive disorder that is initiated after an index event either
damages the heart muscle, with a resultant loss 15 of func-
tioning cardiac myocytes, or alternatively disrupts the ability
of the myocardium to generate force, thereby preventing the
heart from contracting normally. This index event may have
an abrupt onset, as in the case of a myocardial infarction
(heart attack), it may have a gradual or insidious onset, as in
the case hemodynamic pressure or volume overloading, or it
may be hereditary, as in the case of many of the genetic
cardiomyopathies.

[0006] Regardless and irrespective of the diverse nature of
the inciting event, the feature that is common to all of these
index events is that they all, in some manner, produce a
decline in pumping capacity of the heart. Following the initial
decline in pumping capacity of the heart, acutely, patients
may become very symptomatic; they may be minimally
symptomatic or may even remain asymptomatic. However,
the decreased pump capacity generally results in a diminished
cardiac output. This chronically activates the neurohumoral
system, particularly the sympathetic nervous system, the
renin-angiotensin-aldosterone system, and potentiates the
release of vasopressin.

[0007] Although in the short term these adaptations are
beneficial due to their capacity to maintain blood flow to vital
organs; in the long term, these reflexes have deleterious
effects and ultimately result in cardiac remodeling (FIG. 1).
This remodelling is the central stereotyped feature of CHF
irrespective of the inciting influence and is manifest at the
macroscopic level (visible to the eye) by dilatation of the heart
chambers. However there is also corresponding remodelling
at the molecular and the cellular level. These include changes
in cellular transcription (the genetic programmes determining
cellular function) and the resulting cellular pathways. One
aspect of cellular function that is altered in chronic heart
failure is cellular metabolism and energy production.

[0008] The common unified programme of the failing heart
irrespective of the inciting insult thus includes chronic energy
starvation. It has been postulated that these energy changes
are not simply just a feature of CHF but are of mechanistic
importance in chronic heart failure. The failing heart is char-
acterized by a marked change in substrate preference away
from fatty acid metabolism toward glucose metabolism. Glu-
cose is a more efficient cellular fuel and this particular adap-
tation may therefore be an adaptive feature of chronic heart
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failure—partially mitigating the effect of energy deficit. It
therefore follows that augmentation of “metabolic remodel-
ing” is a potential target in chronic heart failure; however to
date there has been a paucity of even animal data to confirm
this assertion.

[0009] Perhexiline (2-(2,2-dicyclohexylethyl)piperidine)
is a known anti-anginal agent that operates principally by
virtue of its ability to shift metabolism in the heart from free
fatty acid metabolism to glucose, which is more energy effi-
cient. Aside from being used for the treatment of angina as a
manifestation of ischaemia (in patients who may or may not
coincidentally have heart failure), there is no record of using
perhexiline to treat instances of non-ischaemia and certainly
no known use of this drug to treat instances of heart failure
independent of angina. Phrased alternatively; while perhex-
iline has been used to treat patients with angina and ischaemia
at the point where this may be an inciting influence for heart
failure as demonstrated by arrow (a) in FIG. 1, (which there-
fore may or may not be associated with active ischaemia-
related pump dysfunction or ischaemia-related congestive
cardiomyopathy); there has never been a suggestion that per-
hexiline may be useful in the modification of chronic meta-
bolic remodelling in the distinct stereotyped phenotype of
chronic heart failure as demonstrated by arrow (b) in FIG. 1.

[0010] With further reference to FIG. 1, it is apparent that
there is an inciting phase of heart failure, which is due to
diverse initiating influences. While completely unrelated to
one another, these diverse influences all result in pump failure
and left ventricular systolic dysfunction. Irrespective of incit-
ing influence, this pump failure initiates an initially adaptive
but ultimately partially maladaptive remodelling. This
chronic remodelling is a stereotyped molecular, cellular and
macroscopic phenomenon, and the central cause of eventual
progressive chronic heart failure. Chronic heart failure
remodelling ultimately leads to a vicious cycle of detrimental
events. Part of the chronic heart failure phenotype is energetic
deficiency and a shift in cellular metabolism away from fatty
acid metabolism to glucose metabolism.

SUMMARY OF THE INVENTION

[0011] Hitherto, perhexiline has been used as an anti-is-
chaemic agent at juncture a, the inciting phase; although even
at this stage it has not been used explicitly as an antifailure
agent. The present invention postulates that metabolic
manipulation with perhexiline is effective in modifying not
an inciting influence; but rather the common programme of
the chronic heart failure state; hence this invention postulates
arole for treating chronic heart failure at the distinct juncture
b.

[0012] The present invention is thus based on the hypoth-
esis that perhexiline-induced metabolic modification may be
beneficial to treatment of the stereotyped chronic heart failure
state irrespective of its effect on the inciting aetiology. The
corollary of this assertion would be that if indeed the effect of
perhexiline is as a metabolic modifier of CHF rather than a
simple anti-ischaemic agent; its benefit in both ischaemi-
cally-induced CHF and non-ischaemically induced CHF
would be similar. The invention is supported by the first
clinical data to show that any metabolic modifier (perhexiline
in this case) is capable of improving human chronic heart
failure; furthermore the hypothesis is supported by the find-
ing that the benefit of perhexiline in patients having ischaemic
or non-ischaemic heart failure as assessed by improvements
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in a number of key indicators associated with chronic heart
failure, was remarkably similar.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 shows how there is an inciting phase of heart
failure.
[0014] FIG. 2 shows *'P MRS spectra of a right calf muscle

at rest, during and after exercise.

[0015] FIG. 3 shows data for primary and secondary end-
points as discussed in the “Results” section.

[0016] FIG. 4 shows data for primary and secondary end-
points as discussed in the “Results” section.

DETAILED DESCRIPTION OF THE INVENTION

[0017] According to a first aspect of the present invention,
there is provided a method of treating chronic heart failure,
which comprises administering to an animal in need thereof
an effective amount of perhexiline, or a pharmaceutically
acceptable salt thereof, to treat said chronic heart failure. The
animal is preferably a mammal and most preferably a human.
[0018] In one embodiment, said chronic heart failure may
be chronic heart failure as a result of an initial inciting influ-
ence of ischaemia.

[0019] In another embodiment, said chronic heart failure
may be as a result of an initial nonischaemic inciting influ-
ence, that is to say, chronic heart failure in the absence of
significant coronary artery disease, as for example may be
determined by coronary angiography.

[0020] According to another aspect of the present inven-
tion, there is provided the use of perhexiline in the manufac-
ture of a medicament to treat chronic heart failure. In one
embodiment, the medicament is for the treatment of non-
ischaemic chronic heart failure, that is chronic heart failure in
the substantial absence of inciting ischaemia. In another
embodiment, the medicament is for the treatment of chronic
heart failure having an ischaemic inciting origin.

[0021] In aspects of the present invention, the perhexiline
exists in the form of a salt of perhexiline, preferably the
maleate salt. The perhexiline may be sued at doses in the
normal therapeutic range for perhexiline (Kennedy J A, Kio-
soglous A J, Murphy G A, Pelle M A, Horowitz ] D. “Effect of
perhexiline and oxfenicine on myocardial function and
metabolism during low-flow ischemia/reperfusion in the iso-
lated rat heart”, J Cardiovasc Pharmacal 2000; 36(6):794-
801).

[0022] Physiologically acceptable formulations, such as
salts, of the compound perhexiline, may be used in the inven-
tion. Additionally, a medicament may be formulated for
administration in any convenient way and the invention there-
fore also includes within its scope use of the medicament in a
conventional manner in a mixture with one or more physi-
ologically acceptable carriers or excipients. Preferably, the
carriers should be “acceptable” in the sense of being compat-
ible with the other ingredients of the formulation and not
deleterious to the recipient thereof. The medicament may be
formulated for oral, buccal, parental, intravenous or rectal
administration. Additionally, or alternatively, the medica-
ment may be formulated in a more conventional form such as
atablet, capsule, syrup, elixir or any other known oral dosage
form.

[0023] According to a further aspect of the invention there
is provided a treatment programme for treating chronic heart
failure, which involves the co-use or coadministration of per-
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hexiline with one or more other compounds that are advan-
tageous in treating chronic heart failure or the symptoms
thereof. In one embodiment, the programme is for the treat-
ment of non-ischaemic chronic heart failure, that is chronic
heart failure in the substantial absence of inciting ischaemia.
Inanother embodiment, the programme is for the treatment of
chronic heart failure having an ischaemic inciting origin.

EXAMPLE

[0024] An embodiment of the invention will now be
described by way of example only wherein a double-blind,
randomised, placebo-controlled study was undertaken in
order to investigate the effects of perhexiline on chronic heart
failure. 56 patients with CHF were recruited and all provided
written informed consent. Entry criteria were as follows: left
ventricular ejection fraction (LVEF) <40%, optimally medi-
cated heart failure with New York Heart Association (NYHA)
Class II-III symptoms. Cardiopulmonary exercise testing
with respiratory gas analysis, completion of the Minnesota
Living with Heart Failure Questionnaire. (MLHFQ) and 2-D
echocardiography were performed at baseline on all patients.
[0025] Patients were then allocated to two groups (is-
chemic or non-ischemic) depending on the presence or
absence of significant coronary artery disease during coro-
nary angiography.

[0026] The ischemic group (n=30) was also subjected to
dobutamine stress echocardiography at baseline. The non-
ischemic group (n=26) was subjected to *'P magnetic reso-
nance spectroscopy to measure changes in muscle mitochon-
drial function.

All Patients:

Cardiopulmonary Exercise Test

[0027] Incremental exercise testing with assessment of res-
piratory gas exchange was performed on a treadmill using the
Weber protocol. Breath by breath respiratory gases were mea-
sured during exercise using a Pulmolab EX670 system mass
spectrometer which was calibrated before every study. Raw
data were averaged to 30 second intervals and oxygen con-
sumption during peak exercise was obtained (VO,max;
ml/kg/min). Electrocardiograms and blood pressure were
monitored throughout. Exercise was terminated at the sub-
ject’s request due to fatigue or breathlessness.

Minnesota Living with Heart Failure Questionnaire (ML-
HFQ)

[0028] A standard 21-question MLHFQ was employed to
determine if perhexiline affected patient quality of life. This is
a well validated measure of symptomatology in heart failure
(17) and includes questions to assess the ability to perform
activities of daily living as well as questions gauging the
severity of symptoms due to heart failure. Each question was
scored out of 5. The sum of the scores were calculated where
a higher score indicated a poorer quality of life. All patients
completed the questionnaires alone and without assistance.

Resting Echocardiography

[0029] Echocardiography was performed with patients in
the left lateral decubitus position using a Vingmed System V
echocardiographic machine and a 2.5 MHz transducer.
Images were stored digitally. Resting scans were acquired
using standard echocardiographic windows for LVEEF, trans-
mitral valve Doppler, and resting tissue Doppler. Tissue Dop-
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pler echocardiography allows objective assessment of
regional wall motion and is superior to conventional grey-
scale echocardiography when used in conjunction with dob-
utamine stress (18).

[0030] Left ventricular volumes for calculation of LVEF
were obtained using biplane echocardiography and the modi-
fied Simpson’s formula. Volumes were averaged over 3 beats.
In addition, on-line tissue Doppler peak systolic velocity
(PSV) of the lateral mitral valve annulus was obtained as a
reflection of left ventricular long-axis function.

[0031] In theory, improving metabolic efficiency would
also lead to an improvement in diastolic function of the left
ventricle as energy is also required for cardiac relaxation. The
ratio of peak E wave from transmitral valve Doppler vs. the E
wave from tissue Doppler of the lateral mitral valve annulus
(E:EA ratio) is a sensitive indicator of left ventricular end
diastolic pressure (19).

Ischemic Group:

[0032] Tissue Doppler assessment of the left ventricle was
performed at rest and analysed off-line using Echopac soft-
ware in order to determine regional myocardial PSV from 15
left ventricular segments described in detail elsewhere (20).
These segments were selected to include all areas supplied by
the three major coronary arteries and for the greatest repro-
ducibility for acquisition of PSV (21). (See FIG. 4)

Dobutamine Stress Echocardiography

[0033] Following resting echocardiography dobutamine
infusion was commenced via a syringe driver and incre-
mented at 3 minute intervals from 5 mecg/kg/min to 10, 20, 30
and 40 mcg/kg/min. Digital loops of 15 views outlined above
were stored at 90 seconds of each stage. Up to 1 mg of
atropine was given if the hemodynamic response was sub-
maximal. Electrocardiograms and blood pressure were moni-
tored at each stage. End-points for termination of the test were
attainment of =85% of the target heart rate, evidence of
ischemia, or severe side effects from dobutamine. Data from
all stages were analysed off-line as with the resting images.
[0034] PSV data are expressed as velocity at rest, low dose
dobutamine infusion (10 mls/kg/min) and peak dose dob-
utamine infusion (the last infusion stage before infusion ter-
minated, which may include the addition of atropine).

Non-Ischemic Group:

3P Magnetic Resonance Spectroscopy

[0035] Patients with CHF have abnormally rapid skeletal
muscle phosphocreatine (a high energy phosphate metabolite
critically involved in muscle contraction) depletion during
exercise with delayed recovery(22). >'P magnetic resonance
spectroscopy allows changes in skeletal muscle intracellular
high energy phosphate compounds and pH to be measured
non-invasively. At the end of exercise, because glycogenoly-
sis has stopped and phosphocreatine resynthesis is purely
oxidative, analysis of phosphocreatine recovery provides
information about skeletal muscle mitochondrial function. In
order to determine the effect of augmenting glucose metabo-
lism on muscle energetics, magnetic resonance spectroscopy
of calf muscle before, during and after local exercise was
performed. Only patients in the nonischemic heart failure
population were subjected to magnetic resonance spectros-
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copy as underlying peripheral vascular disease leads to abnor-
malities in skeletal muscle energetics independent of heart
failure.

[0036] Skeletal muscle high-energy phosphate metabolism
was measured using a 2-Tesla superconducting whole-body
magnet interfaced to a Bruker Avance spectrometer at least 3
days after the peak exercise tolerance test. The methodology
has been described in detail elsewhere (23).

[0037] Briefly, subjects were positioned within the magnet
in the supine position with a 6 cm diameter surface coil under
the maximal circumference of the right calf muscle. *'Phos-
phorus spectra were collected at rest, during exercise and
recovery. Following spectral acquisition at rest, a standard-
ized exercise protocol was employed which involved plantar
flexion at 0.5 Hz lifting 10% of lean body mass a distance of
7 cm. This workload was continued for 4 minutes before
being incremented by 2% of lean body mass for every subse-
quent minute until fatigue or phosphocreatine hydrolysis
reached 50% of the resting level. Recovery spectra were
subsequently acquired for 11 minutes. Examples of the spec-
tra obtained during a typical study are shown in FIG. 3.
[0038] Phosphocreatine concentrations were quantified
using a time-domain fitting routine (VARPRO, R. de Beer).
Phosphocreatine recovery halftime following exercise (PCr
tl%), a marker of skeletal muscle mitochondrial function
which is independent of skeletal muscle mass and exercise
intensity, was calculated as previously described(24).

Intervention

[0039] Following baseline studies, patients were random-
ized in a double-blind fashion to receive either perhexiline
(n=28) or placebo (n=28) 100 mg twice daily. Blood was
obtained at 1, 4, and 8 weeks after initiation of the drug for
measurements of serum perhexiline levels with subsequent
dose titration in order to prevent toxicity. Dose adjustments
were advised as per a standard protocol by an unblinded
physician. Identical dosage adjustments were also made for
randomly allocated placebo-treated patients by the unblinded
observer in order to ensure blinding of the investigators was
maintained. After 8 weeks of treatment, patients were re-
evaluated as above.

Statistics

[0040] The primary end-point for this study was pre-de-
fined as VO,max with the following secondary endpoints:
MLHFQ score, LVEF, E:EA ratio, resting, low dose and high
dose mean PSV during stress echocardiography and PCr tV5.
Therapy randomization of the ischemic and non-ischemic
groups occurred separately but with similar protocols in order
to allow for pre-hoc analysis of the primary endpoint in each
group. The study had a 95% power to detect a 2 ml/kg/min
increase in VO,max in the active vs. placebo groups with a
significance level 0f 0.05. Data were analyzed with SPSS 11.5
for Windows© and expressed as meanzstandard error of
mean. ANCOVA using baseline values as covariates was per-
formed to test for significance of differences seen in the
perhexiline vs. placebo groups following treatment. A p value
of <0.05 was taken to indicate statistical significance.

Results

[0041] All patients completed the 8-week course of treat-
ment. There were no deaths in either group during the study
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period. Side effects in the perhexiline group were restricted to
transient nausea and dizziness during the first week of treat-
ment (n=3).

[0042] Both groups were well matched for baseline char-
acteristics and treatment (Table 1). There was a significant fall
in the NYHA class within the perhexiline group after treat-
ment (p=0.02).

[0043] VO,max at baseline was similar in the perhexiline
and placebo groups (Table 2). Following treatment, VO, max
was unchanged in the placebo group but markedly increased
by 2.720.8 ml/kg/min (16.7%) in the perhexiline group.
ANCOVA demonstrated a significant effect of perhexiline vs.
placebo on VO, max; p<0.001. The increase in VO, max in the
ischemic and non-ischemic group were 2.9+1.2 ml/kg/min
(p=0.008) and 2.5+£0.4 ml/kg/min (p=0.03) respectively.
Exercise time tended to increase in the perhexiline group.
[0044] MLHFQ scores were significantly reduced by
24.4% following treatment in the perhexiline group (p=0.04)
but unchanged in the placebo group. Perhexiline therapy was
also associated with a significant reduction in PCr t¥2 (from
6715 to 44+7 seconds; p<0.05) in the non-ischemic group.
The normal range for PCr t%2 in normal healthy adults is 14 to
50 seconds (23).

[0045] Mean LVEF was also markedly increased following
treatment in the perhexiline group (by 9.9+2.0 absolute per-
centage points, a relative increase of 42%) and unchanged in
the placebo group (p<0.001). Whilst left ventricular diastolic
volume tended to decrease in the perhexiline group (p=0.06),
systolic volume was significantly reduced (p<0.001) suggest-
ing an increase in myocardial contractility. There was a sig-
nificant reduction in E:EA ratio following treatment with
perhexiline reflecting a reduction in left ventricular end dias-
tolic pressure. In addition long-axis systolic function was
increased in the perhexiline group reflecting an improvement
in subendocardial function.

[0046] Within the ischemic cohort, there was no significant
difference in heart rate at rest or during dobutamine stress in
both groups. However, there was a significant 15% (p=0.04)
increase in resting mean PSV in the perhexiline group fol-
lowing treatment. This increase reflects the increases seen in
long-axis function and LVEF. During tissue Doppler stress
echocardiography; there was a trend towards an increase in
PSV at baseline (p=0.07) in the perhexiline group but a
marked increase in peak dose PSV (24% p=0.03). At lower
doses of dobutamine the myocardial velocities are inevitably
lower; these low velocities are further diminished when mea-
sured off-line when compared to those obtained on-line by
pulsed tissue Doppler. This is because they are derived from
regional mean velocities rather than peak velocities. Though
standard practice; this diminution will artificially appear to
diminish the significance of the differences at low myocardial
velocities. This explains the contrast between the seemingly
small differences in baseline and low dose stress tissue Dop-
pler parameters compared to the consistent and large
increases in LVEF and online PSV of the lateral mitral annu-
lus.

[0047] The data for the primary and secondary end-points
are depicted on FIGS. 3 and 4 and summarized on Table 2.

Discussion

[0048] As a result of these experiments, it was found that
Perhexiline use resulted in significant improvements in peak
exercise capacity, myocardial function at rest and stress,
patient reported symptoms and skeletal muscle energetics.
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Remarkably; as well as being statistically highly significant,
these improvements represent clinically significant improve-
ments in patients who were already optimally treated. Our
results suggest that perhexiline provides consistent improve-
ments in these parameters, in the absence of significant side
effects, irrespective of the initial inciting influence of CHF.

[0049] Without wishing to be bound by theory, the mecha-
nism for the improvement seen in myocardial function with
perhexiline is likely to be related to inhibition of FFA uptake
and a metabolic shift towards the use of glucose and lactate.
This may restores the failing hearts insulin sensitivity and
makes it more oxygen efficient. In addition to requiring more
oxygen than glucose to generate energy, excessive FFA
metabolism has other potentially detrimental effects on the
heart. FFA metabolism is known to uncouple oxidative phos-
phorylation and suppresses glucose oxidation through a
direct inhibitory action on the glycolytic pathway. This inhi-
bition causes increases lactate and proton accumulation
within myocardial cells (Lopaschuk G O, Wambolt R B, Barr
R L. “An imbalance between glycolysis and glucose oxida-
tion is a possible explanation for the detrimental effects of
high levels of fatty acids during aerobic reperfusion of
ischemic hearts”, J Pharmacal Exp Ther 1993; 264(1):135-
144) leading to a fall in intracellular pH which is associated
with a reduction in contractile function (Hausch G. “Hiber-
nating myocardium”, Physiol Rev 1998; 78(4):1055-1085).
Furthermore, FEA metabolite accumulation have been shown
to reduce ventricular arrhythmia threshold (Murnaghan M F.
“Effect of fatty acids on the ventricular arrhythmia threshold
in the isolated heart of the rabbit” Br J Pharmacal 1981;
73(4):909-915) and induce diastolic dysfunction (Depre C,
Vanoverschelde J L, Taegtmeyer H. “Glucose for the heart”,
Circulation 1999; 99(4):578-588.).

[0050] The anti-anginal efficacy of perhexiline, both as
mono- and combined therapy, is well documented (Horowitz
J D, Mashford M L. “Perhexiline maleate in the treatment of
severe angina pectoris”, Med J Aust 1979; 1 (11):485-488;
Cole P L, Beamer A D, McGowan N, Cantillon C O, Benfell
K, Kelly R A et al. “Efficacy and safety of perhexiline maleate
in refractory angina. A double-blind placebo-controlled clini-
cal trial of a novel antianginal agent”, Circulation 1990;
81(4):1260-1270). However, use of the drug declined due to
reports of hepatotoxicity and peripheral neuropathy. It is now
apparent that the risk of toxicity was related to the ability to
metabolize the drug. ‘Slow hydroxylators’, with a genetic
variant of the cytochrome P450-2D6, are particularly prone to
progressive drug accumulation. In the absence of dosage
adjustment; prolonged elevation of levels leads to phospho-
lipid accumulation which may also occur with prolonged use
of other CPT inhibitors, such as amiodarone. The risk of
development of hepato-neuro-toxicity with perhexiline is
markedly reduced by monitoring and maintaining serum lev-
els between 0.15 and 0.60 mg/1. None of the patients in this
study developed abnormal liver function tests or neuropathy
as a consequence of perhexiline treatment followed by close
serum level monitoring and titration.

[0051] >'P magnetic resonance spectroscopy was included
in the study design to determine whether perhexiline treat-
ment also improved skeletal muscle energetics. PCr tY2 is a
muscle bulk and workload independent marker of skeletal
muscle mitochondrial function. The faster phosphocreatine
recovery after exercise in the perhexiline treated patients
suggested an improvement in skeletal muscle mitochondrial
oxidative function. This may reflect an improvement in the
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heart failure syndrome and/or be a direct consequence of the
metabolic substrate shift in skeletal muscle.

[0052] The results of the current study therefore establish
that perhexiline exerts incremental benefits on symptomatic
status, left ventricular function at rest and peak stress, and
skeletal muscle metabolism in patients with stable chronic
heart failure, over and above standard neurohumoral therapy.
Indeed, the improvements in VO,max were comparable to
those seen in patients treated with beta-blockers (Hulsmann
M, Sturm B, Pacher R, Berger R, Bojic A, Frey B et al.
“Long-term effect of atenolol on ejection fraction, symptoms,
and exercise variables in patients with advanced left ventricu-
lar dysfunction”, J Heart Lung Transplant 2001;
20(11):1174-10 1180) but exceeded those seen with ACE
inhibitors (Vescovo G, Della L L, Serafini F, Leprotti C,
Facchin L, Volterrani M et al. <<Improved exercise tolerance
after losartan and enalapril in heart failure: correlation with
changes in skeletal muscle myosin heavy chain composi-
tion”, Circulation 1998; 98(17):1742-1749), spironolactone
(Cicoira M, Zanella L, Rossi A, Golia G, Franceschini L,
Brighetti G et al. “Long-term, dose-dependent effects of
spironolactone on left ventricular function and exercise tol-
erance in patients with chronic heart failure”, J] Am Coli
Cardiel 2002; 40(2):304-310) or even with biventricular pac-
ing (Auricchio A, Stellbrink C, Butter C, Sack S, Vogt I,
Misier A R et al. “Clinical efficacy of cardiac resynchroniza-
tion therapy using left ventricular pacing in heart failure
patients stratified by severity of ventricular conduction
delay”, J Am Coli Cardiel 2003; 42(12):2109-2116). As this
study included patients with and without significant coronary
artery disease who all benefited, the benefit cannot therefore
be ascribed purely to an anti-ischemic mechanism, rather, it is
suggestive of our hypothesis that Perhexiline is modifying the
central metabolic remodeling of CHF.

[0053] The contents of all references cited herein are
hereby incorporated herein in their entirety for all purposes.

TABLE 1

Baseline characteristics and treatment

Placebo Group Perhexiline Group

N 28 28
Ischemic:Non Ischemic 13:15 13:15
Age 632 632
Sex (M:F) 23:5 27:1
Weight (kg) 833 89 £3
Height (cm) 165 = 6 cm 175 £2 cm
Body mass index 28 =1 29=+1
NYHA Class

Pre: 22=+0.1 2401
Post: 2.1+01 1.9 0.2

Corrected QT interval

Pre: 421 =7 ms 413 £ 11 ms
Post: 421 £ 9 ms 413 £13 ms
Diabetes 2 5
Loop Diuretic 20 17
ACE Inhibitor 25 22
Lisinopril (mean dose) 22 x4 mg 23 +3mg
Ramipril 10 mg 83 +1mg
Perindopril 6 mg 6 mg
Enalapril 22+ 10mg 15 +5mg
Trandolapril 4 mg 4 mg
AT?2 Receptor Blockers 4 3
Losartan 63 =38 mg 100 mg
Valsartan 80 mg 80 mg
Irbersartan 175 £ 125 mg —
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TABLE 1-continued
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TABLE 2-continued

Baseline characteristics and treatment

Placebo Group Perhexiline Group

Beta-Blockers 15 18
Carvedilol 37+10mg 50mg
Bisoprolol 2+04mg 4 +1mg
Metoprolol 75 +25mg 100 mg
Atenolol 67 =17 mg 69 = 19 mg
Aspirin 15 11
Clopidogrel 1 3
Warfarin 9 9
Calcium Channel Blockers 5 3
Spironolactone (mean dose) 7 (21 +4 mg) 6 (23 =2 mg)
Amiodarone 4 1
Oral Hypoglycaemics 1 2
Insulin 0 2
Statin 18 12
Serum perhexiline levels:
Week 1: 0 0.57 £0.19 mg/l
Week 4: 0 0.67 £0.20 mg/l
Week &: 0 0.43 £0.12 mg/l
p=0.02

TABLE 2

Primary and secondary endpoints. (All P values refer to AN CO
VA of the differential effect of perhexiline vs. placebo)

Perhexiline
Placebo Group Group P value

VO,max (ml/kg/min)
Pre: 16.3£0.8 16.1 £ 0.6 *<0.001
Post: 16.0 £0.9 188 = 1.1%*
Exercise Time (mins)
Pre: 9.9+1.2 105 £1.2
Post: 10.9 £0.9 123 1.1
Respiratory exchange ratio
during peak exercise®
Pre: 1.1 £0.02 1.1 £0.03
Post: 1.1 £0.02 1.1 £0.03
Resting BP (mmHg)
Pre: 111/63 = 5/3 116/69 = 7/4
Post 113/67 = 5/4 113/67 £ 7/4
Peak Exercise BP (mmHg)
Pre: 141/69 = 5/4 141/75 £ 9/3
Post: 137/68 = 7/4 142/70 £ 9/5
Resting Heart Rate(min™!)
Pre: 764 T3+3
Post: 784 T3+3
Peak Exercise
Heart Rate(min™!)
Pre: 124 =6 121 6
Post: 121 =5 1205
Minnesota living with heart
failure questionnaire score
Pre: 42=5 455 *0.04
Post: 40 +4 34 =57
Left ventricular
end-diastolic volume (ml)
Pre: 213 =16 232 =11
Post: 216 =16 2129

Primary and secondary endpoints. (All P values refer to AN CO
VA of the differential effect of perhexiline vs. placebo)

Perhexiline
Placebo Group Group P value
Left ventricular
end-systolic volume (ml)
Pre: 159+ 13 176 £ 8 £<0.001
Post: 162+ 14 140 = gt
Left ventricular
ejection fraction (%)
Pre: 261 24 x1 $<0,001
Post 261 34 £ 28
Long axis function (cm/s)
Pre: 6.4+0.6 58=04 "0.04
Post: 6.4+0.5 7.2 £0.6"
E:EA Ratio
Pre: 83x1.0 8.8+ 0.6" #0.02
Post: 89+ 1.8 6509
PCr 1% (seconds)
Pre: 58 =10 67 =15 *%<0,05
Post: 7324 44 = THE
Dobutamine Stress
Echocardiography:
Heart Rate:
Rest Pre 67x5 57«2
Post 666 532
Low Dose Pre 86+ 8 T8 x7
Post T4+6 656
Peak Dose Pre 1305 126 4
Post 1285 122 3
Mean PSV
(15 segments)
Rest Pre 3.5+02 3302 0.07
Post 3.4£02 38 =02 850,003
Low Dose Pre 4.6+0.3 47x0.3
Post 48+0.3 5005
Peak Dose Pre 6.4+04 6.6+0.5
Post 5804 8.2 £0.8%8

*Ratio of CO, emission/oxygen consumption

What is claimed is:

1. A method for treating a mammal having chronic heart
failure or a symptomatic component/feature/condition
thereof due to or associated with a member of the group
consisting of: ischaemia, coronary artery disease, cardiomy-
opathy, hypertension, diabetes, and valvular disease, the
method comprising:

diagnosing the mammal as having chronic heart failure or

a symptomatic component/feature/condition thereof;
and

administering to said mammal a therapeutically-effective

amount of perhexiline.

2. The method of claim 1, wherein the therapeutically-
effective amount of perhexiline is sufficient to reduce or ame-
liorate the chronic heart failure or a symptomatic component/
feature/condition thereof in the mammal.

3. The method of claim 1, wherein the perhexiline is in the
form of a pharmaceutically acceptable salt.

4. The method of claim 2, wherein the perhexiline is in the
form of a maleate salt.

5. The method of claim 1, wherein the mammal is a human.
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6. The method of claim 1, further comprising co-adminis-
tering to said mammal at least one therapeutic compound.

7. The method of claim 1, further comprising co-adminis-
tering to said mammal at least one therapeutic compound
advantageous in treating chronic heart failure or a symptom-
atic component/feature/condition thereof.

8. The method of claim 6, wherein the therapeutic com-
pound is selected from a member of the group consisting of
Alpha Blockers, Beta Blockers, Calcium Channel Blockers,
Diuretics, Ace (Angiotensin-Converting Enzyme) Inhibitors,
Arb (Angiotensin II Receptor Blockers), Spironolactone,
Nitrate, Warfarin, Verapamil, Insulin, Amiodarone, Lisino-
pril, Ramipril, Perindopril, Enalapril, Trandolapril, At2
Receptor Blockers, Losartan, Valsartan, Irbersartan,
Carvedilol, Bisoprolol, Metoprolol, Atenolol, Aspirin, Clopi-
dogrel, Oral Hypoglycaemics, Disopyramide, and Statins.

9. The method of claim 1, wherein the symptomatic com-
ponent/feature/condition is member of the group consisting
of dyspnoea (shortness of breath), chest pain, fatigue, palpi-
tation, and syncope.

10. The method of claim 1, wherein the symptomatic com-
ponent/feature/condition is member of the group consisting
of reduced left ventricular ejection fraction (LVEF), reduced
E:EA ratio, abnormally rapid skeletal muscle phosphocreat-
ine depletion with delayed recovery, reduced systolic velocity
(PSV), diminished exercise capacity or tolerance, diminished
peak oxygen consumption (VO,max) during exercise, and
impaired myocardial energetic state (PCr/yATP ratio).

11. The method of claim 1, wherein the extent of chronic
heart failure in the mammal is diagnosed in accordance with
the New York Heart Association (NYHA) diagnostic system.

12. The method of claim 9, further comprising:

determining a NYHA classification score (breathlessness)

of the mammal before and after administration of per-
hexline, wherein a decreased NYHA score after admin-
istration of perhexline indicates a reduction in the extent
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of chronic heart failure or a symptomatic component/
feature/condition thereof in the mammal.

13. The method of claim 12, wherein the NYHA classifi-
cation score of the mammeal after administration of perhexline
decreases from Class III to Class II.

14. The method of claim 1, wherein the extent of chronic
heart failure in the mammal is diagnosed in accordance with
the Minnesota Living with Heart Failure Questionnaire (ML-
HFQ) scoring system.

15. The method of claim 14, further comprising

determining a MLHFQ (quality of life) score of the mam-

mal before and after administration of perhexline,
wherein a decreased MLHFQ score after administration
of perhexline indicates a reduction in the extent of
chronic heart failure or a symptomatic component/fea-
ture/condition thereof in the mammal.

16. The method of claim 1, further comprising

determining peak oxygen consumption (VO,max) in the

mammal during exercise wherein an increase in peak
oxygen consumption (VO,max) in the mammal after
administration of perhexline indicates a reduction in the
extent of chronic heart failure or a symptomatic compo-
nent/feature/condition thereof in the animal.

17. The method of claim 1, wherein perhexiline is admin-
istered in an amount of 300 mg per day or less.

18. The method of claim 1, wherein perhexiline is admin-
istered in an amount of 100 mg per day or less.

19. The method of claim 1, wherein perhexiline is admin-
istered in an amount of 100 mg to 300 mg per day.

20. The method of claim 1, further comprising: monitoring
and maintaining serum levels of perhexiline in said mammal
in a range of about 0.15 and about 0.60 mg/1.

21. Amethod for treating chronic heart failure substantially
as described in the specification, Tables and Examples, with
reference to each of the accompanying Figures.
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