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“ REVIEW ARTICLE ”

MECHANISMS OF DISEASE

The Human Plasma Lipidome

Oswald Quehenberger, Ph.D., and Edward A. Dennis, Ph.D.

N Engl ) Med 2011;365:1812-23.
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Figure 1. Relative Distribution of Biologic Molecules
in Human Plasma.

Amino acids and nucleic acids are shown without
consideration of the contribution of proteins and DNA
or RNA. The relative distribution is based on weight

(grams per deciliter). Data were compiled from Lentner,

Wishart et al.,* and Quehenberger et al.?

Figure 2. Relative Distribution of Lipids in Human Plasma.
Lipidomic analysis has identified, characterized, and
quantified almost 600 lipid molecular species in human
plasma.? The relative distribution in each category is
given on a molar basis. The nomenclature of the lipid
categories conforms to the recently developed LIPID
MAPS classification system.®
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CLINICAL RESEARCH STUDY
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Figure 1 Nationwide prevalence of diabetes mellitus in 28,225 patients hospital-
ized for acute coronary syndrome in the Italian Intensive Cardiac Care Units over
2001-2014. The picture shows the overall study-specific prevalence of diabetes
mellitus stratified as to whether the diagnosis was already present prior to hospital
admission (known diabetes) or it occurred during hospitalization (de novo diabe-
tes), as a combination of data from 5 consecutive nationwide prospective surveys
conducted between 2001 and 2014 and comprising 28,225 patients. De novo dia-
betes evaluated excluding BLITZ-1 study (data on glycemia not available).

Fifteen-Year Trends of Cardiogenic Shock and
Mortality in Patients with Diabetes and Acute
Marco Dauriz, MD,® Nuccia Morici, MD,** Lucio Gonzini, PhD,” Donata Lucci, PhD,* Antonio Di Chiara, MD,*

Alessandro Boccanelli, MD," Zoran Olivari, MD,? Gianni Casella, MD," Leonardo De Luca, MD,’
Pierluigi Temporelli, MD, Stefano De Servi, MD,* Enzo Bonora, MD,' Stefano Savonitto, MD™*

12- Diabetes [ £ for trend= 0.74
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Figure 2 Cardiogenic shock rates in patients with or without digbetes mellitus
in the 5 ICCU registries. Bars are percentages of patients with or without diabe-
tes. P-value for comparison within cach study: *P = 0002; **P < 0001.
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REVIEW

of simplicity

p?.’u‘%:b The central role of arterial retention of cholesterol-
rich apolipoprotein-B-containing lipoproteins in the
pathogenesis of atherosclerosis: a triumph

Jan Borén™® and Kevin Jon Williams®®®

[open]

Table 1. Reclassificafion of human epidemiologic risk factors for ASCVD events into causative agents, exacerbating fadors,

Clr‘ld mere b}’Siﬂr‘ldEF F!I"IEFIGITI’EFIU

Evidence from human RCTs or human MRS

Pathophysiclogic

Epidemiclogic risk factors for ASCVD reclassification
Elevated plasma concentrations of total Causalive

cholesterol, LDl-cholesterol, non-HDLe,

CTRL remnants,_and apoB
Toboacco smoking Exacerbating
Diabetes mellitus Exacerbating
Hypertension Exacerbating
Male sex |age) Exacerbating
Elevated plasma glucose levels per se Exacerbating
Low plasma HDLc concentrations Exacerbating or

bystander

LDL: proven in RCTs of statins and nonstatins and in MRS; Other
apoB-lipoproteins: Proven in MRS

Lifetime low plasma LDL levels from genetics or unusual lifestyles
protect smokers from ASCVD events

Likewise for diabetes: lifetime low LDL levels protect patients with
diabetes from ASCVD events

Likewise for hyperension (but extreme hyperension still causes other
hedlth problems)

Likewise for elderly men, many of whom ne longer develop clinically
significant ASCVD

Modest genetic elevations in plasma glucose in MRS detectably
increase ASCVD, but in the context of abundant plasma apoB-
lipoproteins

MNo benefit yet in RCTs of HDLcraising treatments; no benefit of
higher HDLe in MRS
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ESC GUIDELINES

@ ESC S — ESC/EAS GUIDEI?!!:lFEwS @ ESC s oo ot (2019 0,149 e

EanEa Set ety dok10.109 eurheartyehz ! @'& E:’c"::iin"m?;'m a0 093 keurheartjich =486 @'@
2019 ESC/EAS Guidelines for the management 2019 ESC Guidelines on diabetes, pre-diabetes,
of dyslipidaemias: lipid modification to reduce and cardiovascular diseases developed in
cardiovascular risk collaboration with the EASD
The Task Force for the management of dyslipidaemias of the The Taslk Force for diabetes, pre-diabetes, and cardiovascular
European Society of Cardiology (ESC) and European diseases of the European Society of Cardiology (ESC) and the
Atherosclerosis Society (EAS) European Association for the Study of Diabetes (EASD)

Table 7 Cardiovascular risk categories in patients with

diabetes® LDL< 55 mg/dL

[P Bl Fatients with DM and established CVD Non-HDL < 85 mg/dL
or other target organ damage” ApOB <65 mg/dL
or three or maore major risk factors®

or early onset T1DM of long duration (=20 years)

Patients with DM duration 210 years without tar- LDL < 70 mg/dL

get organ damage plus any other additional risk Non-HDL < 100 mg/dL
factor o ApoB < 80 mg/dL
Young patients (T1DM aged <35 yearsor T2DM 3
aged <50 years) with DM duration <10 years,
ek ® LDL < 100 mg/dL
€V = cardiovascubr; CVD = ardiowascular disease; DM = disbetes meliins; Non-HDL < 130 mg/dL
T1DM = type 1 diabetes mellitus; T2DM = type 2 diabetes melliu
Modified Som the 2016 European Guidelines on cardiovascular disea s preven- ApoB < 100 mg/dL
tion in clinicl practice ™
*Proteinuria, renal impairment defined as eGFR =30 mUimin/1.73 m", left ventric-
ular hypertrophy, or retinopatiy.

“Age, hypertension, dyzlipidemia, smokding obesity.

Target primario - Target secondario
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Fisiopatologia della dislipidemia diabetica

P
L

Insulino-resistenza

4 acidi grassi liberi (FFA)
' 1" /ApoB

- P LDL piccole e dense
- P remnants ricchi di Tg

Abnormal hepatic apolipoprotein B metabolism in type 2 diabetes.
Verges B. Atherosclerosis 2010.
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- Low-density lipoprotein subclass patterns and risk of myocardial infarction.
Austin MA et al, JAMA 1988

- Association of small low-density lipoprotein particles with the incidence of coronary artery disease in men and women.
Gardner CD, Fortmann SP, Krauss RM, JAMA. 1996
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- Low-density lipoprotein subclass patterns and risk of myocardial infarction.
Austin MA et al, JAMA 1988

- Association of small low-density lipoprotein particles with the incidence of coronary artery disease in men and women.
Gardner CD, Fortmann SP, Krauss RM, JAMA. 1996
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@ European Heart Journal 2010) 31, 2844-2853 CURRENT OPINION

doi:10.109Ffeurheartj/ehq386.

Lipoprotein(a) as a cardiovascular risk factor:
current status

Borge G. Nordestgaard *, M. John Chapman?, Kausik Ray?, Jan Borén*,

Felicita Andreotti5, Gerald F. Watts¢, Henry Ginsberg’, Pierre Amarenco?8,
Alberico Catapano’, Olivier S. Descamps %, Edward Fisher !, Petri T. Kovanen 2,
Jan Albert Kuivenhoven 3, Philippe Lesnik?, Luis Masana 4, Zeljko Reiner 5,
Marja-Riitta Taskinen ', Lale Tokgozoglu'’, and Anne Tybjerg-Hansen s, for the
European Atherosclerosis Society Ci Panell

Lipoprotein(a)

Apolipoprotein(a) LDL-like particle

Figure | Lipoprotein(a) consists of an LDL -like particle to which apolipoprotein(a) is covalently linked. The LDL-like moiety is composed of a
central core of cholesteryl esters (CE) and triglycerides (TG) sumrounded by phospholipids (PL), free cholesterol (FC), and a single molecule of
apolipoprotein B (apoB). Apolipoprotein(a) contains 10 different types of plasmincgen kringle 4-like repeats as well as regions homologous to
the kringle 5 and protease (P) regions of plsminogen. The kringle 4 type 2 domain (4;) is present in multiply repeated copies from 2 to =40
that differ in number between apolipoprotein(a) isoforms.” Apolipoprotein(a) is linked to apolipoprotein B100 by a single disulfide bond invol-
ving an unpaired cysteine residue in kringle 4 type 9. Modified from Koschinsky and Marcovina. '
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European Heart Journal (2010) 31, 28442853 CURRENT OPINION
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Lipoprotein(a) as a cardiovascular risk factor:
current status

Borge G. Nordestgaard '*, M. John Chapman?, Kausik Ray3, Jan Borén*,

Felicita Andreotti®, Gerald F. Wattsé, Henry Ginsberg’, Pierre Amarenco?,
Alberico Catapano?, Olivier S. Descamps'?, Edward Fisher !, Petri T. Kovanen 2,
Jan Albert Kuivenhoven '3, Philippe Lesnik?, Luis Masana', Zeljko Reiner 5,
Marja-Riitta Taskinen '¢, Lale Tokgozoglu'’, and Anne Tybjerg-Hansen '8, for the
European Atherosclerosis Society Consensus Panell

Lipoprotein(a)

CAD

STROKE

PAD
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@ European Heart Journal (2010) 31, 2844-2853 CURRENT OPINION

doi:10.1093/eurheartjehq386

Lipoprotein(a) as a cardiovascular risk factor:
current status

Borge G. Nordestgaard ', M. John Chapman?, Kausik Ray?, Jan Borén?,

Felicita Andreotti’, Gerald F. Wattsé, Henry Ginsberg’, Pierre Amarenco®,
Alberico Catapano?, Olivier S. Descamps?, Edward Fisher'!!, Petri T. Kovanen 12,
Jan Albert Kuivenhoven '3, Philippe Lesnik?2, Luis Masana !4, Zeljko Reiner 'S,
Marja-Riitta Taskinen 'é, Lale Tokgozoglu'’, and Anne Tybjerg-Hansen %, for the
European Atherosclerosis Society C Panell
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Figure 2 Typical distributions of lipoprotein(a) leveks in the general population. These graphs are based on non-fasting fresh serum samples
from ~3000 men and 3000 women from the Copenhagen General Population Study collected from 2003 through 2004.2 Green colour indi-
cates levels below the B0th percentile, whereas red colour indicates levels above the 80th percentile.
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B ORIGINAL CONTRIBUTION

Genetically Elevated Lipoprotein(a)
and Increased Risk of Myocardial Infarction

Pia R. Kamstrup, MD, PhD JAMA. 2009,;301(22):2337-2339
Cross-sectional Prospective Case-control

1
Table 1. Basic Characteristics of Participants (White Individuals of Danish Descent) in the 3 Studies

CCHS CGPS CIHDS
Total, No. 8637 20388 2461

Women, No. (%) 5302 (61) 15260 (52) 566 (29)
Age, mean (SD), y 55 (17) 59 (13) 60 (10)
Diabetes mellitus, No. (%) 311 (4) 1346 (5) 242 (10)

Abbreviations: CCHS, Copenhagen City Heart Study; CGPS, Copenhagen General Fopulation Study; CIHDS, Copen-
hagen Ischemic Heart Disease Study.

Kringle IV Type 2 Quartile

First Second Third Fourth
(6-30 (31-35 (36-40 (41-99
Repeats) Repeats) Repeats) Repeats)
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I ORIGINAL CONTRIBUTION

Genetically Elevated Lipoprotein(a)
and Increased Risk of Myocardial Infarction

Figure 1. Risk of Myocardial Infarction by Extreme Levels of Lipoprotein(a) in the General Population
Lipoprotein(a) Multivariable Adjusted
| | Participantz, Ewvents, Multivariable Adjusted and KIN-2 Adjusted
Percentile migdL Mo. Mo. : :
=@5th =117 areE 46 b—— P
90th-85th 77-117 450 45 ] F——e——
E7th-B0th 30-76 1731 155 L —e—] —e—
22nd-66th 5-20 3385 241 —e— ——eo—|
<22nd [Reference] <5 1582 104 . P <001 L P=.002
[ T T 1 T T T 1
0.8 1 2 4 08 1 2 4
HR (95% CI) HR (95% CI)
Quartiles of KIV-2 repeats
8604 __
* P <.001

ﬁ 504 <.

g -

Z a0 »

z

g 20 -

g -

3 104

0
6-30 31-35 36-40 41-99
KIN-2 Repeats
Participants, No. 2467 2467 2467 2466
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. ORIGINAL CONTRIBUTION

Genetically Elevated Lipoprotein(a)
and Increased Risk of Myocardial Infarction

|
Figure 3. Risk of Myocardial Infarction by Quartiles of Apolipoprotein(a) KIV-2 Repeats in
the CCHS, CGPS, and CIHDS
CCHS
KIV-2 Repeats
! No. of ! Participants, Events, Adjusted for Age and Sex Multivariably Adjusted
Quartile Repeats Mo. Na.
1 6-30 2160 181 e =
2 31-35 2159 158 —e— e
3 36-40 2150 137 H-e—] He—]
4 [Reforence] 4100 2150 123 . P <001 . P =001
08 1 2 s 08 1 2 4
HR {95% CI) HR (35% CI)
CGPS
KIV-2 Repeats
| Mo. of l Controls, Cases,
Cuartile Repeats Mo. Mo. ) )
1 6-30 7016 287 i—e— R
2 31-35 7064 246 e o
3 35-40 7005 219 e e
4[Reference]  41-00 7076 234 . P =005 . P=.005
08 1 2 s 08 1 2 4
OR (85% CI) OR (95% CI)
CIHDS
KIV-2 Repeats
| Mo. of l Controls, Cases,
Quartile Repeats No. MNa.
1 13-30 201 325 —e—] P
2 31-35 304 311 —e— E—.—|
3 36-40 302 313 —e— e
4 [Aeference]  41-08 333 282 . P=03 L] P=01
08 1 2 s 08 1 2 4
OR (95% CI) OR (95% CI)
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Association Between Serum Lipoprotein(a) and : PP .
. - - - - - - -
Lipoprotein(a) and Diabetes Diabetic Retinopathy in Han Chinese Patients With ELSEVIER Jourma Romepage: i isevier coniocateterosirosi
An update Type 2 Diabetes
Lipoprotein(a) levels and risk of cardiovascular disease events in individuals | #)
Sreven M. Harmies, uo with diabetes mellitus or prediabetes: The Atherosclerosis Risk in \3
Communities study
Available online at www.sciencedirect.com
Nutrition, Metabolism & Cardiovascular Diseases T i
_ B SRR AT
ELSEVIER journal homepage: wuiw el sevie r.com/locate/nmed ke
o Ittt oo Casilgy 108 C006) 354358
independent Correlation
Elevated lipoprotein (a) levels are associated with the presence and . L P s
severity of coronary artery disease in patients with type 2 diabetes :;;{h ;ype f cii:'bclcs entrition willl:;nut B.e'ween |.’|¢sm¢ Lipoprotein(a), apolipoprotein(a) polymorphism and coronary
mellitus cardiovascular disease: relationship to Llpo?n'e.n(“) ““d atherosclerosis severity in type 2 diabetic patients
metabolic parameters and diabetic Angmgrupllic Coronﬂl'y
complications "
Artery Disease in NIDDM

Serum LiPOP"'ein(ﬂ) in Assessment of Asymptomatic Coronary

Patients With Diabetes Mellitus | |57 uooies 3 eD e e Pationts

A role for lipoprotein(a) and apolipoprotein(a} poly'morphism Lipoprotein(a), apolipoprotein(a) polymorphism and restenosis after
intracoronary stent placement in Type 2 diabetic patients

Complications
ELSEVIER Joumal of Diabetes and lis Complicaions 17 (2003) 135140 —_—

Impact of Lipoprotein(a) on Long-term Qutcomes in ®
Patients With Diabetes Mellitus Who Underwent P o ond epemions
Percutaneous Coronary Intervention The Association Between
Ge;ne-tii vz;rian(t;, plasn':a lipop:?(tje.ain(a) levels, Circulating Lipoprotein(a) and
and risk of cardiovascular morbpi Ity H . .?
Lipoprotein(a) and mortality among two prospective cohorts Type 2 Diabetes: Is It Causal?

of type 2 diabetes
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Atherosclerosis 282 (2019) 52-56

Contents lists available at ScienceDirect

Atherosclerosis

journal homepage: www.elsevier.com/locate/atherosclerosis

ELSEVIER

Lipoprotein(a) levels and risk of cardiovascular disease events in individuals | )
with diabetes mellitus or prediabetes: The Atherosclerosis Risk in ey
Communities study

Anum Saeed®, Wensheng Sun®, Anandita Agarwala®, Salim S. Virani™‘, Vijay Nambi™‘,

Josef Coresh”, Elizabeth Selvin®, Eric Boerwinkle®, Peter H. Jones™, Christie M. Ballantyne®,
Ron C. Hoogeveen™"

Table 3A
Asspciation of Lp{a) levels with risk of incident ASCVD events in Caucasians with diabetes, prediabetes.
Lp{a} categories, mg/dL (percentiles) p-trend
= 10 = 1020 = 20-30 = 30— = 50 =50
(0-13) {13-30) (3047} (47-71) (71-100)
Diabetes (n = SE1] Model 1 Ref 0.94 (0.66-1.54) 0.91 (0.52-1.60) 1.20 (0.B1-1.78) 1.59 (1.18-2.16) 0.028
Model 2 Ref 0.94 (0.66-1.34) 0.90 (0.51-1.58) 1.21 (D.B1-1.807) 1.59 (1.18-2.15} 0.028
Events/Popn 175/577 (30.33) 377133 (27.82) 13/50 (26.00) 2084 (34.52) 59157 (43.07) 0.010
Predisbetes (n — ZB0O) Model 1 Ref 1.06 (0.B3-1.34) 1.39 (1.00-1.92) 1.20 (0.BE-1.63) 140 (1.059-1.800 0.046
Model 2 Ref 1.0& (0.B3-1.34] 1.37 (0.99-1.90] 1.20 (0.B8-1.63) 140 (1.09-1.81) 0.048
Events/Popn 255/1473 (17.32) 94/523 (17.97) 427187 (22.46) 49,237 (20.68) 83/3B1 (21.78) 0.017
Table 1
Baseline characteristics and incident atherosclerotic cardiovascular disease events across glycemic subgroups.
Diabetes (N = 1543) Prediabetes (N = 3615) Mormal fasting glucose (N = 4713) p-trend
Lp(al, mg/dL 14.3 (4.7, 40.7) 12.4 (5.0, 35.5) 13.0 (5.3, 39.5) 0.765




VIDEOCONFERENZ A
CONGRESSO CONGIUNTO 19/20 NOVEMBRE 2020 '~

Ig Il diabete in Sicilia: dalle
icil] ﬂ2020 problematiche territoriali alla terapia

Lpa e rischio cardiovascolare: € importante ridurla, con quali farmaci?

Lipoprotein(a)

Lipoproteinga) Lipoproteinga) Lot Livoprotein(s)

Lipoprotsins) [r—— Lipoproteinga) Lipoprotoin(a)

Lipoproteinga) Upoproteinia) '




VIDEOCONFERENZ A ™
CONGRESSO CONGIUNTO 19/20 NOVEMBRE 202! =3

Ig Il diabete in Sicilia: dalle
icill 0’2020 problematiche territoriali alla terapia

Lpa e rischio cardiovascolare: € importante ridurla, con quali farmaci?

Lipoprotein(a)




VIDEOCONFERENZ A ™
CONGRESSO CONGIUNTO 19/20 NOVEMBRE 2020 =

Ig Il diabete in Sicilia: dalle
icill 0’2020 problematiche territoriali alla terapia

Lpa e rischio cardiovascolare: € importante ridurla, con quali farmaci?

Lipoprotein(a)




VIDEOCONFERENZA ™% =
CONGRESSOCONGIUNTO 19/20 NOVEMBRE 2020 =~

Ig Il diabete in Sicilia: dalle
icill 0’2020 problematiche territoriali alla terapia

Lpa e rischio cardiovascolare: € importante ridurla, con quali farmaci?

Journal of Diabetes and Its Complications 29 (2015) 11651170

Contents lists available at ScienceDirect

Journal of Diabetes and Its Complications

journal homepage: WWW.JDCJOURNAL.COM

Plasma proprotein convertase subtilisin/kexin type 9 is associated with @m“,m
Lp(a) in type 2 diabetic patients

Yméne Nekaies ¢, Bruno Baudin ®, Sami Kelbousi ¢, Mohsen Sakly *, Nebil Attia **
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Lipoprotein(a) Catabolism Is Regulated by Proprotein
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and Marlys L. Koschinsky*

hepatocyte

FIGURE 7. Model for receptor-mediated catabolism of apo(a) and Lp(a). Apo(a) and apoB-containing lipoproteins are independently secreted from hepa-
tocytes and form a non-covalent, and subsequently covalent, complex as Lp{a). Apola) can be internalized by plasminogen receptors, and the apo{a) compo-
nent of Lp(a) mediates clearance of the particle by plasminogen receptors. Apola) can only be internalized by the LDL receptor when in a complex with LOL.
e-ACA can inhibit binding of apo(a) or Lpla) to plasminogen receptors as well as Lp{a) assembly, the latter through inhibition of non-covalent interactions
between apola) and apoB-100. However, e-ACA cannot prevent binding of pre-formed Lp(a) to the LDL receptor. In the presence of inhibitors of PCSK9, there
is a substantial increase in DL receptor number such that clearance of Lpla) through this route is of a much greater magnitude.
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Glycaemic control influences the relationship between plasma PCSK? levels in young women
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Journal of Clinical Lipidology (2019) 13, 374-392 ———
@ European Heart Journal (2010) 31, 2844-2853 CURRENT OPINION Journal of
sysorean  doir10.1093/eurheartlehq386 c_lll:llCﬂ'
ErLAkD Lipidology
Lipoprotein(a) as a cardiovascular risk factor: Scientific Statement
current status Use of Lipoprotein(a) in clinical practice: A () ok s
Borge G. Nordestgaard '¥, M. John Chapman?, Kausik Ray3, Jan Borén4, biomarker whose time has come. A scientific
Felicita Andreotti®, Gerald F. Wattsé, Henry Ginsberg’, Pierre Amarenco$8, statement from the National L-ip-id Association
Alberico Catapano®, Olivier S. Descamps'?, Edward Fisher !, Petri T. Kovanen?,
Jan Albert Kuivenhoven '3, Philippe Lesnik?, Luis Masana'4, Zeljko Reiner >, Don P. Wilson, MD*, Terry A. Jacobson, MD, Peter H. Jones, MD,
Marja-Riitta Taskinen ¢, Lale Tokgézoglu'’, and Anne Tybjarg-Hansen ', for the Marlys L. Koschinsky, PhD, Catherine J. McNeal, MD, PhD,
European Atherosclerosis Society Consensus Panel’ Borge G. Nordestgaard, MD, DMSc, Carl E. Orringer, MD

™ Lp(a) levels
- 1°goal - LDL reduction

- 2°goal - Lp(a) levels < 50 mg/dL (+++ ASCVD)
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ESC/EAS GUIDELINES
@ESC

n Heart Journal (2019) 00, 178 5S¢ G,

Europea A L ‘o
European Society dei:10.1093/eurhea rq.' 'ehz455 ! =
of Cardiology . .?

2019 ESC/EAS Guidelines for the management
of dyslipidaemias: lipid modification to reduce
cardiovascular risk

The Task Force for the management of dyslipidaemias of the
European Society of Cardiology (ESC) and European
Atherosclerosis Society (EAS)

Table3 New recommendations, and new and revised concepts

Lipid analyses for CVD risk estimation

Lp(a) measurement should be considered at least once in each adult person’s lifetime to identify those with very high inherited Lp(a) levels >180 mg/dL
(>430 nmol/L) who may have a lifetime risk of ASCVD equivalent to the risk associated with heterozygous familial hypercholesterolaemia.

ASCVD Risk
Lp(a) levels > 180 mg/dL = HeFH
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- EPA/DHA / Bile acid sequestrants / Nutraceuticals / fibrates
- Niacin/Hormone replacement therapy (HRT)

- Statins

- Ezetimibe

- PCSK9 inhibitors

- Lomitapide

- Apheresis
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3 f Ci ipidology (2019) W
Clinical
Lipidology
Scientific Statement
Use of Lipoprotein(a) in clinical practice: A [ Greck or oo vos
biomarker whose time has come. A scientific
statement from the National Lipid Association
Don P. Wilson, MD*, Terry A. Jacobson, MD, Peter H. Jones, MD,
Marlys L. Koschinsky, PhD, Catherine J. McNeal, MD, PhD,
Borge G. Nordestgaard, MD, DMSc, Carl E. Orringer, MD
II. Treatment
Class of Rec Levels of
Summary Table of Recommendations' (strength) Evidence
6. Niacin, which lowers Lp(a) concentration, is not recommended to reduce ASCVD IIT (harm) A

risk in patients receiving moderate- to high-intensity statins +/— ezetimibe and
an on-treatment LOL-C <80 mg,/dL.**"™*
7. HRT with estrogen and progesterone, which lowers Lp(a) concentration, IIT (harm) B-R
is not recommended in perimenopausal /postmenopausal women to
reduce ASCVD risk.*® """

- NpEin/Hormone replaggment therapy (HRT)
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Atheroscleasis 291 (2019) 27-33

Contens lists available at ScienceDirect

Atherosclerosis

journal homepage: www.elsevier.com/locate/atherosclerosis

Baseline and on-statin treatment lipoprotein(a) levels for predicting
cardiovascular events in patients with familial hypercholesterolemia

Ye-Xuan Cao, Jing-Lu Jin, Yuan-Lin Guo, Di Sun, Hui-Hui Liu, Na-Qiong Wu, Rui-Xia Xu,
Cheng-Gang Zhu, Geng Liu, Qian Dong, Jing Sun, Jian-Jun Li°

Available online at www.annclinlabsci.org.

Annals of Clinical & Laboratory Science, vol. 36, no.3, 2006 353

Brief Communication:

Plasma Lipoprotein(a) Levels and LDL-Cholesterol
Lowering Response to Statin Therapy in Patients
with Heterozygous Familial Hypercholesterolemia

EurJ Clin Pharmacol (1992) 43: 369-373
-
Fhemmac colegy

© Springer-Verlag 1992

Changes in Lp(a) lipoprotein levels during the treatment
of hypercholesterolaemia with simvastatin

L.Slunga', 0. Johnson', and G.H. Dahlén*

ATHEROSCLEROSIS

ELSEVIER Atherosclerosis 164 (2002) 305311 —
www elsevier conylocate/atherosclerosis

Atorvastatin lowers lipoprotein(a) but not apolipoprotein(a)
fragment levels in hypercholesterolemic subjects at high
cardiovascular risk

Contents lsts

Atherosclerosis

ELSEVIER jour

Statin treatment increases lipoprotein(a) levels in subjects with low
molecular weight apolipoprotein(a) phenotype

Reyhana Yahya®, Kirsten Berk™®, Adrie Verhoeven®, Sven Bos®, Leonie van der Zee®,
Jeanette Touw”, Gertraud Erhart”, Florian Kronenberg", Reinier Timman, Eric Sijbrands",
Jeanine Roeters van Lennep’, Monique Mulder”

HMG CoA Reductase Inhibitors Lower LDL
Cholesterol Without Reducing Lp(a) Levels

Gerhard M. Kostner, PhD, Dov Gavish, MD, Beate Leopold, PhD, Klaus Bolzano, PhD |
Moshe S. Weintraub, MD, and Jan L. Breslow, MD

Circulation

(A American
Heart
Association.

Articles

Baseline and on-statin treatment lipoprotein(a) levels for @+k ™

Lipoprotein(a) Concentrations, Rosuvastatin Therapy, and Residual Vascular Risk: An
Analysis From the JUPITER Trial (Justification for the Use of Statins in Prevention: An
Intervention Trial Evaluating Rosuvastatin)

Amit V. Khera, Brendan M. Everett, Michael P. Caulfield, Feras M. Hantash, Jay Wohlgemuth,
Paul M Ridker and Samia Mora

prediction of cardiovascular events: individual patient-data
meta-analysis of statin outcome trials

Peter Willit, Paul M Ridker, Paul | Nestel,john Simes, Andrew M Tonkin, Terj R Pedersen, Gregory G Schwartz, Anders G Olsson, Helen M Colhoun,
Florian Kronenberg, Christiane Drechsler, Christoph Wanner, Samia Mora, Anastasia Lesogor, Sotirios Tsimikas

@ ESC Eurcpean Heart Journal (2019) 0, 1-10 CLINICAL RESEARCH

European Society doi:10.1093/eurheartj/echz310 Lipids
of Cardiology

Statin therapy increases lipoprotein(a) levels

Sotirios Tsimikas ® '*, Philip L.S.M. Gordts>**, Chelsea Nora®?,
Calvin Yeang', and Joseph L. Witztum @ *

Statins

o Lpa reduction
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Journal of Clinical Lipidology (2019) 13, 374-392 e ——
Journal of

Clinical
Lipidology

Scientific Statement

Use of Lipoprotein(a) in clinical practice: A
biomarker whose time has come. A scientific
statement from the National Lipid Association

Don P. Wilson, MD*, Terry A. Jacobson, MD, Peter H. Jones, MD,
Marlys L. Koschinsky, PhD, Catherine J. McNeal, MD, PhD,
Borge G. Nordestgaard, MD, DMSc, Carl E. Orringer, MD

Class of Rec Levels of
Summary Table of Recommendations' (strength) Evidence
1. Treatment
1. In adults aged 40-75 y with a 10-y ASCVD risk of 7.5%-19.9%, the finding of an 1la B-NR

Lp(a) =50 mg/dL or =100 nmol/L is reasonable to be used as a risk-enhancing
factor to favor initiation of a moderate- or high-intensity statin in those with
on-treatment LDL-C =70 mg/dL (or non-HDL-C =100 mg/dL).**"*
2. In high-risk* or very-high-nsk** patients, with Lp(a) =50 mg/dL JIE] A
or =100 nmol/L, it is reasonable to consider more intensive LDL-C
lowering to achieve greater ASCVD risk reduction.”™*"™*

Statins {
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OPEN Impact of ezetimibe on plasma
lipoprotein(a) concentrations as
monotherapy or in combination
s With statins: a systematic review
Published online: 14 December 2018 - -
and meta-analysis of randomized
controlled trlals
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Journal of

Clinical
Lipidology

Scientific Statement

Use of Lipoprotein(a) in clinical practice: A
biomarker whose time has come. A scientific
statement from the National Lipid Association

Don P. Wilson, MD*, Terry A. Jacobson, MD, Peter H. Jones, MD,
Marlys L. Koschinsky, PhD, Catherine J. McNeal, MD, PhD,
Borge G. Nordestgaard, MD, DMSc, Carl E. Orringer, MD

Class of Rec Levels of
Summary Table of Recommendations' (strength) Evidence

3. In very-high-risk** patients, taking a maximally tolerated statin with
Lp(a) =50 mg/dL or =100 nmol/L, the addition of ezetimibe is reasonable
in those with on-treatment LDL-C =70 mg/dL {or non-HDL-C =100 mg/dL)." "’
4. In high-nsk* patients taking a maximally tolerated statin, with Lp(a)
=50 mg/dL or =100 nmol/L, the addition of ezetimibe may be reasonable in
those with on-treatment LDL-C =70 mg/dL {or non-HDL-C =100 mg/dL).""’

Ezetimibe J
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hepatocyte

FIGURE 7. Model for receptor-mediated catabolism of apo(a) and Lp(a). Apola) and apoB-containing lipoproteins are independently secreted from hepa-
tocytes and form a non-covalent, and subsequently covalent, complex as Lpla). Apola) can be internalized by plasminogen receptors, and the apola) compo-
nent of Lpla) mediates clearance of the particle by plasminogen receptors. Apola) can only be internalized by the LDL receptor when in a complex with LOL.
e-ACA can inhibit binding of apo(a) or Lp(a) to plasminogen receptors as well as Lpla) assembly, the latter through inhibition of non-covalent interactions
between apola) and apoB-100. However, e-ACA cannot prevent binding of pre-formed Lp(a) to the LDL receptor. In the presence of inhibitors of PC5K9, there
is a substantial increase in DL receptor number such that clearance of Lpla) through this route is of a much greater magnitude.
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Effect of Alirocumab on Lipoprotein(a) @
and Cardiovascular Risk After
Acute Coronary Syndrome

FIGURE 1 Baseline Lipoprotein{a) Quartile as a Predictor of Events in the Placebo Group

p < 0.0001* p < 0.0001*

Incidence (%)

MACE CHD Death Ischemic CV Death All-Cause

+ Nonfatal Ml  Stroke Death
I Quartile 1 M Quartile 2 B Quartile 3 M Quartile 4
(<6.7 mg/dl) (6.7 to <21.2 mg/dl) (21.2 to <59.6 mg/dl) (=59.6 mg/dl)

Incidence of major adverse cardiovascular events (MACE) and secondary endpoints are shown by baseline lipoprotein(a) quartiles for the
placebo group. MACE and coronary heart disease (CHD) death and nonfatal myocardial infarction (MI) incidence were greater at higher
lipoprotein(a) levels. There were no significant relationships between lipo protein(a) quartile and ischemic stroke, cardiovascular (CV) death, or
all-cause death. *p < 0.0001 for linear trend across quartiles in unadjusted Cox proportional hazards model for MACE and coronarny heart
disease death and nonfatal myocardial infarction. p = 0.05 for other endpoints.
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1.50 A

1.25 -

MACE HR

1.00 +—=

FIGURE 2 Spline Analysis of Continuous Baseline Lipoprotein(a) and the Primary Endpoint Hazard Ratio (MACE) in the Placebo Group

0.75

50 75
Baseline Lp(a) (mg/dl)

100 125

abbreviation as in Figure 1.

Hazard ratio (HR) set to 1.00 at the overall baseline median (21.2 mg/dl) concentration of lipoprotein{a). p < 0.0001 for spline effect. This
reflects spline of degree 3 (piecewise cubic curve) with natural cubic basis and 3 knots, located at owverall 25th percentile (6.7 mg/dl), median
(21.2 mgy/dl), and 75th percentile (59.6 mg/dl). The pvalue for spline effect is based on the score test. The blue dotted line indicates the upper
bound of 95% confidence intervals (Cls) and the red dotted line indicates the lower bound of 95% Cls. Lp(a) = lipoprotein(a); other




VIDEOCONFERENZ A

CONGRESSO CONGIUNTO 19/20 NOVEMBRE 2020

Ig Il diabete in Sicilia: dalle
icill 0’2020 problematiche territoriali alla terapia

Lpa e rischio cardiovascolare: € importante ridurla, con quali farmaci?

ORIGINAL INVESTIGATIONS
Effect of Alirocumab on Lipoprotein(a) ()]
and Cardiovascular Risk After a Wee k 1 6 48
Acute Coronary Syndrome
o, o/
Lp(a) -23%

FIGURE 4 Absolute Change From Baseline to Month 4 in LDL-C, LDL-C,,,,, and Lipoprotein(a) Levels
A B
20 + 40 4
S 04-m-m- BWmmmmmmmmmmmmmmmmmoem———————- 2 20
-5 ] 5 ~F
9% 20 83 o
HIa g °TH 1=t 1 =Tt
= E e g
S5 404 % 20
is 28
. 3
=< -60 = -40 4
-80 T T T T -60 T T T T
0] Q2 a3 Q4 81 Q2 Q3 Q4
Pa quartile Baseline Lp(a) Quartile within g Baseline Lp(a) Quartile
with Lp(a): with Lp(a):
Increase 10.0% 1.8% 16.2% 14.6% Increase 28.1% 42.6% 45.2% 37.9%
No change 59.3% 0.3% 0.3% 0.3% Mo change 54.0% 0.7% 0.4% 0.6%
Decrease 30.7% 87.9% 83.5% 85.1% Decrease 17.9% 56.7% 54.4% 61.5%
4 LDL-C @ LDL-Ceyy M Lp(a) @ LDL-C @ LDL-Ceoy M Lp(a)
Absolute change from baseline to month 4 in low-density lipoprotein cholesterol (LDL-C), low-density lipoprotein cholesterol corrected for cholesterol content in
lipoprotein(a) (LDL-Ceor), and lipoprotein(a) levels by baseline lipoproteinia) quartile in (A) alirecumab group and (B) placebo group. Medians and interquartile ranges
of absolute changes from baseline to month 4 are shown stratified by baseline lipoprotein(a) quartile for 3 lipid parameters: LDL-C (blue), LDL-Cearr (red), and
lipoprotein(a) {(green). The percentages below the x-axis summarize the percent of patients within each baseline lipoprotein(a) quartile with anincrease, no change, or
decrease in lipoprotein(a) from baseline to month 4. Q = quartile.
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FIGURE 3 Relative and Absolute Treatment Effect on MACE by Baseline Lipoprotein(a) Quartile

MACE Incidence Absolute Risk

Alirocumab Placebo HR (95% CI) Reduction (95% CI)
n/N (%) n/N (%) {Pinteraction = 0-55) (Pinteraction = 0-0011)

Quartile1  211/2,327(91)  228/2.403 (9.5)  0.95(0.79.115) L 0.4%(-1.2,2) —i—-—
Quartile2  219/2,438 (9.0) 239/2.293(104) 085071108 ——1 14% (0330 by |
1 1
Quartile3  212/2,356 (9.0) 269/2,373(11.3) 0.79 (0.66, 0.94) ——F—]— 2.3%(06,41) ————o
1 1
Quartile 4 261/2.341(11.2) 316/2,393(13.2)  0.83(0.70, 0.98) —-i— 21% (0.2, 3.9) —-—i—
1 1
Overall  903/0.462(85) 1.052/9.462(111) 0.85(0.78,0.93) B 1.6% (0.7, 24) -
1 1
0.70 0.85 1.0 3.2% 16% 0%
Alirocumab Placebo Alirocumab  Placebo
Better Better Better Better

Incidence of MACE is shown for the alirocumab and placebo groups stratified by baseline quartile of lipoprotein(a) and for the overall population. The Forest plots
depict relative and absolute risk reduction with alirocumab compared with placebo. For relative risk reduction, there was no significant interaction by baseline
lipoprotein(a) quartile, but absclute treatment effect was significantly greater in the 2 highest lipoprotein(a) quartiles. Abbreviations as in Figures 1 and 2.
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O’Donoghue ML et al., Lp(a), PCSK9 Inhibition and CV Risk

Supplemental Figure 4:
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A B
BEEvolocumab HR 0.77 B Evolocumab HR 0.75
mPlacsbo (95% CI1 0.67-0.88) mPlacebo {95% CI 0.64-0.88)
ARR=2.49% ARR=2.41%
HR 0.93 NNT=40 HR 0.89 NNT=41
12.00 1 (95% CI 0.80-1.08) 12.00 7 (95% €1 0.791.01)
ARR=0.95% ARR=1.41%
9,90 9.91
10.00 NNT=105 10.00 4 NNT=71
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2.00

CHD death, Ml or urgent coronary revascularization (3y KM rate, %)
CHD death, M| or urgent corenary revascularization (3y KM rate, %)

=
=
=1

Lp(a) <==median Lp(a) *median Lp(a) <=120nmol/L. Lp{a) >120 nmoliL

P interaction=0.07 P interaction=0.096

Figure 1. The efficacy of evolocumab by Lp(a) concentration.

The efficacy of evolocumab vs placebo stratified by baseline Lp(a) concentration split at the median (A) and split at 120 nmol/L (50 mg/dL) for reducing CHD death,
M1, or urgent coronary revascularization (B). ARR indicates absolute nsk reduction; CHD, coronary heart disease; KM, Kaplan—Meier; Lp(a), lipoprotein(a); MI, myo-
cardial infarction; and MMNT, number needed to treat.
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Figure 2. Treatment effect on major coronary events per unit decrease in Lp{a).

Patients were stratified into deciles on the basis of baseline Lp(a), and the difference in Lpla) and LDL-C at 48 weeks between the evolocumab and placebo arms
was calculated within each decile. The hazard ratio (HR) for major coronary events with evolocumab vs placebo was also calculated within each deale. Weighted
least-square linear regression was then performed on the log-transformed HR to examine the association between the treatment effect on major coronary events
and per unit decrease in Lp(a), adjusting for differences in LDL-C. There was a significant relationship with a 15% lower nisk (95% Cl, 2%-26%; P=0.0199) per 25
nmolL reduction in Lp(a) after adjusting for the change in LDL-C {model accounts for 57 % of total variability of clinical benefit). Red dotted lines represent 95%
Cls. CHD indicates coronary heart disease; LDL-C, low-density lipoprotein cholesterol; Lp(a), lipoprotein(a); and MI, myocardial infarction.
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Clinical
Lipidology
Scientific Statement
Use of Lipoprotein(a) in clinical practice: A ) ek tor =
biomarker whose time has come. A scientific
statement from the National Lipid Association
Don P. Wilson, MD*, Terry A. Jacobson, MD, Peter H. Jones, MD,
Marlys L. Koschinsky, PhD, Catherine J. McNeal, MD, PhD,
Borge G. Nordestgaard, MD, DMSc, Carl E. Orringer, MD
Class of Rec Levels of
Summary Table of Recommendations' (strength) Evidence

IO. Treatment

5. In very-high-risk** patients taking a maximally tolerated statin and ezetimibe,

with an LDL-C =70 mg/dL {or non-HDL-C =100 mg/dL) and an Lp{a)
of =50 mg/dL or =100 nmol/L, the addition of a PCSK9 inhibitor

is reasonable. 74,90, 106,116
PCSK9i 3/
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Efficacy of Lomitapide in the Treatment of Familial
LOWER, a registry of lomitapide-treated patients (!)mm Homozygous Hypercholesterolemia: Results of a Real-
with homozygous familial hypercholesterolemia: World Clinical Experience in Italy

Rationale and design
Laura D’Erasmo(® - Angelo Baldassare Cefalti - Davide Noto - Antonina Giammanco - Maurizio Averna -
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James Underberg, MS, MD, on behalf of the LOWER investigators

Paolo Pintus - Paolo Medde - Giovanni Battista Vigna - Cesare Sirtori - Laura Calabresi - Chiara Pavanello -
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9@+\ Efficacy and safety of a microsomal triglyceride

transfer protein inhibitor in patients with homozygous
familial hypercholesterolaemia: a single-arm, open-label,
phase 3 study

itTheron, ik Bom, A David Maras, Robert A egee Maurizo RAvena. Cesare RSitri
pet Wil Susiee

.3 HOFH Lomitapide Study investigators

Baseline (n=29) Week 26 (n=23)
Concentrations  Change from p valuet
baseline (%)

Total cholesterol, 11-1(3-5) 6-1(2-9) -46% (-56to-35)  <0-0001
mmel/L
LDL cholesteral, 87(29) 43(2:5) —50% (-62t0-39)  <0-0001
mmialfL
VLDL cholesteral, 0-5 (0-3) 0-3(0-3) -45% (-61to-29) <0-0001
mrcl/L
Non-HDL cholesterol,  10-0 (3-4) 5-1(2-8) -50% (-61to-39) «0-0001
mmol/L
Triglycerides, mmol/L 10(0-4t029) 05(01tol7) -45%(-61to-29) <0-0001
ApoB, g/L 2-6 (0-8) 1-3 (07) -49% (-60to-38) <0-0001
Lipoprotein (a), pmol/LY) 2-4 (0-6t02-1) 17(03to71) @—30 to 0-9) @
HDL cholesterol, 1-1(0-3) 1-0 (0-4) -12% (-20 to-4) 0-0001
mmicl/L
ApoA-l, g/l 12 (0-3) 1-0(0-2) -14% (-17 to -4) 0-0003

Lomitapide - 20% Lpa reduction g_/
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Journal of Clinical Lipidology (2019) 13, 894-900

Original Articles

Lipoprotein apheresis for lipoprotein(a) and
cardiovascular disease

Patrick M. Moriarty, MD*, Jessica V. Gray, BA, Lauryn K. Gorby, BS

Journal of

Clinical

Lipidology

ﬂ Check for updates

Atherosclerosis Supplements 40 (2019) 1-7

Contents lists available at ScienceDirect

Atherosclerosis Supplements

ELSEVIER journal homepage: www.elsevier.com/locate/atherosclerosis

Actual situation of lipoprotein apheresis in patients with elevated
lipoprotein(a) levels

Ulrich Julius”, Sergey Tselmin, Ulrike Schatz, Sabine Fischer, Andreas L. Birkenfeld,
Stefan R. Bornstein

Lipoaferesi -» 20% Lpa reduction
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with Cardiovascular Disease
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Lipoprotein(a) Reduction in Persons
with Cardiovascular Disease

Sotirios Tsimikas, M.D., Ewa Karwatowska-Prokopczuk, M.D., Ph.D.,
loanna Gouni-Berthold, M.D., Jean-Claude Tardif, M.D., Seth ). Baum, M.D.,
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Man
60 years
No illness reported
Son affected by heterozygous familial hypercholesterolemia

Pre-treatment lipid values:

CT 375 mg/dL

HDL 46 mg/dL

TG 95 mg/dL

LDL 310 mg/dL
No data on apolipoprotein
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Ig‘_ MD Il diabete in Sicilia: dalle
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[c12020 problematiche territoriali alla terapia

Lpa e rischio cardiovascolare: € importante ridurla, con quali farmaci?

Visit 25/07/2019
Lipid lowering therapy:
Simvastatin 40 mg/Ezetimibe 10 mg
CT 201
HDL 43
TG 92
LDL 140 mg/dL

Planel:
Day Hospital 09/09/19
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09/09/19:

NO DAY HOSPITAL



CONGRESSO CONGIUNTO

IP Il diabete in Sicilia: dalle
olcll &12020 problematiche territoriali alla terapia

LIPID inCode

Genetic report

Sample n®: 70058805
Your reference: ITACT 01 226

Barcelona,
22 November 2019
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Lpa e rischio cardiovascolare: € importante ridurla, con quali farmaci?

Result of the genetic diagnosis

Familial Hypercholesterolemia: POSITIVE

Cetected the waramt ¢ 1207 _1208del, p. {F"he#DEld-EQ of the gene LoLR I:HE )‘JIIIEET.#] in heterozygosis, classified as
LIKELY PATHOGEMIC regarding Familial Hyperchaole

Autosomal Recessive Hypercholesterolemia: NEGATIVE

The genatic analysis has not identified any clinically significant variant in the LDLRAPY gene.
Lysosomal Acid Lipase Deficiency: NEGATIVE
The genetic analysis has not identified any clinizally significant variant in the LIFA gene.

Clinical management of patient with dyshpidemia

Genetic variants associated with response to statins:

The genotypes of the variants analysed do not imply 3 response o statins in this subject different from that of the general
population.

Genetic variants associated with elevated plasma levels of Lp{a):

ldentified the 'u'ari.@ rs 10455872 of the LFPA gene in homozygosis; Bpresenne is associated with elevated plasma Lp(a)
levels, an independs i isk. i rminimg the levels of this lipoprotein in your patient.
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Lpa e rischio cardiovascolare: € importante ridurla, con quali farmaci?

Man
57 years
History of Mi
Type 2 diabetes
Treatment: Metformin - no lipid lowering therapy
Day Hospital
Pre-treatment lipid values:
CT 311mg/dL
HDL 49 mg/dL
TG 115 mg/dL
LDL 239 mg/dL
ApoB 151 mg/dL
ApoAl 118 mg/dL
Lp(a) 154 mg/dL
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: LIPID inCode

Genetic report

Sample n® 70058800
Your reference: ITA CT 01 221
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Result of the genetic diagnosis

CFamilial Hypercholesterolemia: INCONCLUSIVE

Detected the vanant c 2014574, p.(valo72Met), of tK&_gene PCSKS (MM _17®838.3) in heterozygosis, classified as of
UNCERTAIN CLINICAL SIGNIFICANCE regarding Familial Hypercholesterolemia.

Autosomal Recessive Hypercholesterolemia: NEGATIVE

The genetic analysis has not identified any clinically significant variant in the LDLRAPT gene.
Lysosomal Acid Lipase Deficiency: NEGATIVE

The genetic analysis has not identified any clinically significant variant in the LIPA gene.

Genetic variants associated with elevated plasma levels of Lp{a):

@sﬂdaﬁed with elevated plasma Lp(a) levels have been identified.
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Lipoprotein(a) Catabolism Is Regulated by Proprotein
Convertase Subtilisin/Kexin Type 9 through the Low Density
Lipoprotein Receptor”
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Rocco Romagnuolo®, CoreyA Scipione®, Michael B. Boffa®, Santica M. Marcovina®, Nabil G. Seidah®,
and Marlys L. Koschinsky*

hepatocyte

FIGURE 7. Model for receptor-mediated catabolism of apo(a) and Lp(a). Apola) and apoB-containing lipoproteins are independently secreted from hepa-
tocytes and form a non-covalent, and subsequently covalent, complex as Lplal. Apola) can be internalized by plasminogen receptors, and the apola) compo-
nent of Lp(a) mediates clearance of the particle by plasmincgen receptors. Apola) can only be internalized by the LDL receptor when in a complex with LOL.
e-ACA can inhibit binding of apo(a) or Lp{a) to plasminogen receptors as well as Lp{a) assembly, the latter through inhibition of non-covalent interactions
between apola) and apoB-100. However, e ACA cannot prevent binding of pre-formed Lp(a) to the LDL receptor. In the presence of inhibitors of PC5K9, there
is a substantial increase in DL receptor number such that clearance of Lpla) through this route is of a much greater magnitude.
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Conclusion

- Lp(a) is a causal cardiovascular risk factor as well as LDL cholesterol

- Type 2 diabetes may exhibite an impaired cross-talk of Lp(a) and
PCSK9 plasma levels

- APO (a)-Lrx (ASO) may be a novel necessary therapy for Lp(a)
reduction
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