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Contents

« Basic principles based on physics of ultrasound
 Interaction with matter
— Absorption (Attenuation)
— Reflection
— Refraction
— Scattering
— Transmission
« Technical aspects of the ultrasound image
« Artifacts
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Overview

e Ultrasound
— Sound wave

* mechanical and longitudinal waves wave that can transfer
a distance using a media Alongtcioa v

« cannot travel through vacuum. SO )
— Audible sound : 20~20KHz
— Medical uses : 2.0~15.0MHz

low bass animals and medical and  diagnostic
notes chemistry destructive and NDE

20 Hzl 20 kHz l l 2 MHz l 200 MHz

w
Infrasound  Acoustic Ultrasound
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Basic ultrasound physics

TIME

Amplitude

|

BASELINE
4

.

https://radiologykey.com/

UL U2 EA
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Frequency
« Number of cycles per sound

m Graphical description of sound wave as sinus curve

Wave-length )\ —
—

Amplitude Amplitude

This sound wave has higher amplitude
and higher frequency than the sound wave
on the left hand side.

https://ecgwaves.com/topic/ultrasound-physics/

acjo|2el BEYS ol
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Wavelength

Distance over which one cycle occurs

} Graphical description of sound wave as sinus curve

Wave—length>\

A MM

This sound wave has higher ampltd
dhgh r frequency than the wave
n the left hand side.
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Velocity

Speed at which a sound wave travels through
a medium (m/sec or cm/sec)

« Determined by density and stiffness of media
— Slowest in air/gas
— Fastest in solids

« Average speed of ultrasound in body is
1,540m/sec

nrlel2e PR Fhyelstn
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Velocity, frequency & wavelength

« Given a constant velocity, as frequency
increases wavelength decreases

« V=fxA

UL U2 EA
KOREA UNIVERSITY GURO HOSPITAL

Velocity

Near field imaging Far field imaging

acjo|2el BEYS ol
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Amplitude

« The strength/intensity of a sound wave at any given
time

» Represented as height of the wave

» Decreases with increasing depth

} Graphical description of sound wave as sinus curve

Wave-le gth>\

A -

This sound wave has higher ampl( de
dhgh r frequency than the wave

n the left hand s d ttttt //ecgwaves .com/topic/ultrasound -physics /
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Amplitude

Irrespective of the Frequency the Amplitude
remains constant.

« Defines the brightness of the image

— The Higher the Amp., the brighter the image and
the lower the more darker the images

nrlel2e PR Fhyelstn
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How does an ultrasound machine
make an image from a body?

https://thoracickey.com/principles-of-echocardiographic-image-acquisition-and-doppler-analysis/

YU 2EH
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Piezoelectric Effect of Ultrasound

« Electrical Energy converted to Sound waves

« The Sound waves are reflected by tissues

 Reflected Sound waves are converted to
electrical signals and later to Image

Jche|zd L=EH g elstt
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"Pulse” vs. "Echo”

<Q))
<Q (C

Echogenicity
« “Echogenicity” refers to how bright (echogenic)

a tissue appears on ultrasound relative to
another tissue.

nrlel2e PR Fhyelstn
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https://www.pocusL0L.com/basic-principles-of-ultrasound-physics-and-artifacts-made-
easy/#Basic_Ultrasound_Terminology_Echogenicity

Echogenicity

Bladder is

Liveris

Compared to
Right Kidney

Pleural Line is

Compared to
Surrounding Tiss

Spleen is

Compared to
Left Kidney Cortex

N

-

o~

Spleen

e

e Left Kidney Cortex

oo WV T
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Interaction with matter

— Absorption (Attenuation)

— Reflection
— Refraction
— Scattering
— Transmission...

Transducers

Scattering from
moving blood cells

Refraction

Specular
reflector

Reflection

i— Attenuation

Trel2 e RRY Jhyelstn
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Impedance

« Acoustic impedance

— Amplitude of returning echo is proportional to the
difference in acoustic impedance between the two
tissues

* Using ultrasound gel at time of scanning

— allow the ultrasound waves to pass into the body
without reflecting off intervening air.

I 0 el gm Bt

KOREA UNIVERSITY GURO HOSPITAL

Impedance

Table 3. Acoustic impedance of different tissues in relation to density and sound propagation. Modified from Wolbarst [33]

Densit Speed Characteristic Absorption
Material _y P = impedance Z coefficient & (dB cm™)
p (kgm=) ¢ (ms™)
(kgm™s7") x 10° at | MHz

Water 1000 1480 155 0.0022
Blood 1060 1570 1.62 (0.15)
Bone 13801810 4080 3.75-7.38 (14.2-25.2)
Brain 1030 1558 1.55-1.66 (0.75)
Fat 920 1450 1.35 (0.63)
Kidney 1040 1560 1.62 -
Liver 1060 1570 1.64-1.68 (1.2)
Lung 400 650 0.26 (40)
Muscle 1070 1584 1.65-1.74 (0.96-1.4)
Spleen 1060 1566 1.65-1.67 -
Air 1.29 330 0.0004 12

Tsaklis, P., 2021. Presentation of Acoustic Waves Propagation and Their Effects Through Human Body Ti

sssssss

nrlel2e PR Fhyelstn
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Reflection

» Occurs at a boundary between 2 adjacent tissues or
media

« The amount of reflection depends on differences in
acoustic impedance (Z) between media

« The ultrasound image is formed from reflected echoes

Z= Den5|ty x Velocity
Transducer

L]
Scattering

e Redirection of sound in several directions

« Caused by interaction with small reflector or rough
surface

* Only portion of sound wave returns to transducer

N A
——> j‘ )
/

acjo|2el BEYS ol



12 2021 A2z}

YU 2 EH

KOREA UNIVERSITY GURO HOSPITAL

Transmission

« Not all the sound wave is reflected, some continues
deeper into the body

» These waves will reflect from deeper tissue structures

. l —> \ ) \

UL U2 EA
KOREA UNIVERSITY GURO HOSPITAL

Attenuation

« The deeper the wave travels in the body, the weaker it
becomes

« The amplitude of the wave decreases with increasing
depth

ATTENUATION s the Loss and Absorption of
Ultrasound Energy Through a Medium

nrlel2e PR Fhyelstn
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. weaker it
Gallstone
Shadowing / ,
. Artifact : creasing

ATTENUATION s the Loss and Absorption of

Ultrasound Energy Through a Medium

I 0 el gm Bt
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Attenuation
o..

» The deeper the wave travels in the body,
becomes

« The amplitude of the wave decreases with increasing
depth

ATTENUATION s the Loss and Absorption of
Ultrasound Energy Through a Medium

Trel2 e RRY Jhyelstn
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Impedance and propagation

Table 3. Acoustic impedance of different tissues in relation to density and sound propagation. Modified from Wolbarst [33]
’ Characteristic Absorption
Material Densn_}; Spee_dl impedance Z coefficient ap(dB em™)
pilkgniss) G{pas) (kgms7") x 106 at | MHz

Water 1000 1480 1:5 0.0022

Blood 1060 1570 1.62 (0.15)

Bone 13801810 4080 3.75-7.38 (14.2-25.2)

Brain 1030 1558 1.55-1.66 (0.75)

Fat 920 1450 1.35 (0.63)

Kidney 1040 1560 1.62 -

Liver 1060 1570 1.64-1.68 (1.2)

Lung 400 650 0.26 (40)

Muscle 1070 1584 1.65-1.74 (0.96-1.4)

Spleen 1060 1566 1.65-1.67 -

Air 1.29 330 0.0004 12

Tsaklis, P., 2021. Presentation of Acoustic Waves Propagation and Their Effects Through Human Body Tissues.

o el AZEA
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Impedance and propagation

Table 3. Acoustic impedance of different tissues in relation to density and sound propagation. Modified from Wolbarst [33]
. Characteristic Absorption
Material ?Ens}t_); Spee_(} impedance Z coefficient & (dB cm™)
piigntis) oS (kgm3s7") x 10° at | MHz
Water 1000 1480 155 0.0022
Blood 1060 1570 1.62 (0.15)
Bone 1 (14.2-25.2)
Brain - Fluid — Low AC - allow wave to pass (0.75)
Fat. - Bones - High AC - will block (0.63)
Kidney -
Liver 1060 1570 1.64-1.68 (1.2)
Lung 400 650 0.26 (40)
Muscle 1070 1584 1.65-1.74 (0.96-1.4)
Spleen 1060 1566 1.65-1.67 -
Air 1.29 330 0.0004 12

Tsaklis, P., 2021. Presentation of Acoustic Waves Propagation and Their Effects Through Human Body Tissues.
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Position of Reflected Echoes

« How does the system know the depth of the reflection?
« TIMING

— The system calculates how long it takes for the echo to return
to the transducer.

— The velocity in tissue is assumed constant at 1,540m/sec.

Distance X2

Velocity = Time

KU
oo VLI T ey
“?& KOREA UNIVERSITY GURO HOSPITAL

Gain

« Adjust the overall level of brightness using the gain
function

Trel2 e RRY Jhyelstn
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Liver Trv Liver Trv

Gowthaman Gunabushanam, Leslie M. Scoutt,
. Ultrasound image optimization for the interventional radiologist,
Liver Trv Techniques in Vascular and Interventional Radiology,

2021

https://rad| dia.org/articles/time-gain-c 1
N DAY

KOREA UNIVERSITY GURO HOSPITAL

Time gain compensation

« Post processing

« The Returned signal is amplified for better imaging at
depths.

Sigual iy
i P Red: Emitted wave pulse Signal )
Signal Intensity ! mi Wi Inteasity Red: Emitted wave pulse
Intensity ime dependen Gr ected echo

Red: Emitte
Blue: Raw

d echoes.

Time Time Time

Dofel 28 TR Theolstt
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Liver Cor Liver Cor

Gowthaman Gunabushanam, Leslie M. Scoutt,
Ultrasound image optimization for the interventional radiologist,
Techniques in Vascular and Interventional Radiology,

2021

Liver Cor
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Resolution

« Axial Resolution

— specifies how close together two objects can be along the
axis of the beam, yet still be detected as two separate objects

— frequency (wavelength) affects axial resolution

Transducer \/\/\/\/ ® O
—

Trel2 e RRY Jhyelstn
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Resolution

e Lateral Resolution

— the ability to resolve two adjacent objects that are
perpendicular to the beam axis as separate objects

— Beam-width affects lateral resolution

Transducer \/\/\/\/ I ®
O

YU 2EH
KOREA UNIVERSITY GURO HOSPITAL

Resolution

« Temporal Resolution
= 'Frame rate’

— the ability to accurately locate the position of
moving structures at particular instants in time

— ImpOrtant in Cardi0|ogy 01/25/1942 00363

nrlel2e PR Fhyelstn
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Resolution

e Contrast Resolution

— the ability to resolve two adjacent objects of similar
intensity/reflective properties as separate objects
— Dynamic range
» Determine the range of shades of gray

KU
oo VLI T ey
“?‘E KOREA UNIVERSITY GURO HOSPITAL

Resolution

e Contrast Resolution

— the ability to resolve two adjace
intensity/reflective properties as

— Dynamic range
» Determine the range of shades of «

221ps

—
Pancreas

ez F=EH gl
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Resolution

CHS-2
Abdomen
30 dB
3.6 MHz
DR 30 dB
Edge 1
Persist 3
RIS 3
Map D
Tint1

17 fps

a

——

*
Broad dynamic range of IVC | Narrow dynamic range of IVC
iTm ) cm

—— 0 1 NNV A h 4 4 EB 105
P100% MIO0.71 TIS14 TIB14

KU
oo VLI T ey
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What determines how far ultrasound waves can travel?

« The FREQUENCY of the transducer

— The HIGHER the frequency, the LESS it can
penetrate

— The LOWER the frequency, the DEEPER it can
penetrate

 Attenuation is directly related to frequency.

nrlel2e PR Fhyelstn
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Frequency vs. Resolution

« The frequency also affects the QUALITY of the

ultrasound image
— The HIGHER the frequency, the BETTER the

resolution
— The LOWER the frequency, the LESS the resolution

el EER ]
KOREA UNIVERSITY GURO HOSPITAL

Transducer

acjo|2el BEYS ol




22 2021 HZ3E|

U2 G

KOREA UNIVERSITY GURO HOSPITAL

Transducer

7 y
Convex transducer Linear transducer
ASIF Y40 ALt E HEIR B | | £ST) IN0| HAZY HEl= B
2.0~5.0MHzZ low frequencyO|-& 7.0~15.0MHzZ high frequencyO| &
-Greater penetration -Greater resolution
-Less resolution -Less penetration
=, Deep structures =, Shallow structures

I 0 el gm Bt
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Doppler effect

« Apparent change in received frequency due to a
relative motion between a sound source and sound
receiver
— Sound TOWARD receiver = t frequency
— Sound AWAY from receiver = ‘ frequency

Low Frequency High Freq y

|n. A AAAL Ambulance = RBCs in Blood

1 =a) %

https://www.tuttee.co/blog/phys-doppler-effect

nrlel2e PR Fhyelstn
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Doppler effect = Doppler shift

2vf cos® Angleof \ | [seam’
Insonation | !
Cc

Doppler frequency shift =

UL U2 EA
KOREA UNIVERSITY GURO HOSPITAL

Doppler effect = Doppler shift

©

Cos 90° =0
‘ no Dopper effect *

acjo|2el BEYS ol
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Color Doppler

https://www.pocusL0L.com/basic-principles-of-ultrasound-physics-an

coorpopPLER A A A

Il Ao
“Bart” Bessn Angle ]
Blue =
AWay Blood Flow Perpendicular =
Red
Towa rd S TOWARDS probe = RED AWAY from probe = BLUE

d-artifacts-made-
ler_Shift_Equation

o B EIE LT

KOREA UNIVERSITY GURO HOSPITAL

Color Doppler
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Doppler Display

« Frequency/Velocity of Flow

M o,

UL U2 EA
KOREA UNIVERSITY GURO HOSPITAL

Doppler Display

e Direction of Flow

Baseling

SV

VW

acjo|2el BEYS ol
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Doppler Display

A B & D

beam '
direction ’ 4 4

* Pulse wave
 Continuous wave
 Tissue Doppler

A " e

: N ) ‘e
! --f'.;: K ‘1“"“-(.""‘ | :
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Artifacts

« Portions of the display which are not a "true” representation of
the tissue imaged

« Utilize certain artifacts to characterize tissue

« Shadowing
« Enhancement
« Reverberation

« Comet tall
» Ring down
« Side lobe

*  Mirror Image

nrlel2e PR Fhyelstn
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Acoustic Shadowing

« Diminished sound or loss of sound posterior
to a strongly reflecting or strongly attenuating
structure

— Strong reflectors
* Large calcifications, bone

— Strong attenuators
+ Solid tissue, significantly dense or malignant masses

KU
o L o LT
“i}“’ KOREA UNIVERSITY GURO HOSPITAL

Acoustic Shadowing

« Qccurs when ultrasound waves encounter a structure
that has a high attenuation coefficient.

ex) bones(ribs), and gallstones

Dol Re TR Fhye

st}
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Acoustic Enhancement

 the opposite of the acoustic shadowing artifact

« occurs when USG waves pass through a

structure with significantly low attenation such
as blood or fluid-filled structures

— bladder, GB, cyst, vessels, ocular USG

nrlel2e PR Fhyelstn
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Acoustic Enhancement

e the tifact

Posterior Acoustic
Enhancement

KU
oo VLI T ey
“}' KOREA UNIVERSITY GURO HOSPITAL

Acoustic Enhancement
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Edge Shadowing

« Due to refraction of the beam caused by both
the curvature of the structure within the body
and the path of the ultrasound beam.

I 0 el gm Bt
KOREA UNIVERSITY GURO HOSPITAL

e due to refrac
the curvature
and the patl

Ec

https://www.pocus.org/resources/edge-shadowing-artifact/

ST ,
/Q\\ }ansducer g

| 1sed by both
1in the body

Reflected E 2am

beam

Cyst

— Refracted
Edge beam

shadowing

nrlel2e PR Fhyelstn
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Edge Shadowing

EDGE Artifact
{Internal Carotid Artery)
- -

2

YU 2EH
KOREA UNIVERSITY GURO HOSPITAL
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Reverberation

 In the presence of highly reflective surfaces,
echoes may reflect back and forth between the
reflective surface and the ultrasound probe.

e Cause the ultrasound screen to record and
display multiple echoes on the screen.

* Ex) needle, abdominal wall, fascia, GB wall,
bladder wall

Reverberation Artifact
“Lung A-Lines”

Pleural
Line

nrlel2e PR Fhyelstn
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ot -] Shin SJ, Jeong BJ. Principle and Comprehension of Ultrasound Imaging. J Korean Orthop Assoc. 2013;48(5):325-333.
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Reverberation

e In the
echoes
reflecti

« Cause
display

veen the
‘obe.

and

* EX) nee

bladde Figure 11. Reverberation. The display shows ultrasound echoes being
repeatedly reflected when a needle is inserted into subacromial space.

vall,

KU
o R e LT
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Reverberation

+ Dist 0.320 cm

Dol R TR Fhels
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Comet tail sign

e a form of reverberation artifact

« When the two reflective surfaces are closely
spaced together (such as the bevel of a
metallic needle).

« Difficult to distinguish between each reflected
echo.

KU
o MR e LT
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Comet tail sign

FR 49Hz
RS

OALLBLADDER. TRANS SAG LEFT THYROID N1 MID TRV

nrlel2e PR Fhyelstn
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Ring Down Artifact

* Resonance artifact
« when fluid is trapped in a tetrahedron of air
bubbles

 the waves reflect infinitely and result in an
infinitely long vertical echogenic line.

https://www.pocus101.com/basic-principles-of-ultrasound-physics-al

Ring Down Artifact

* Resor Ring Down Artifact

« Wher f air
bubb

* the an

Dol R TR Fhels
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https://www.pocus101.com/basic-principles-of-ultrasound-
physics-and-artifacts-made-easy

Ring Down Artifact

U2 G
KOREA UNIVERSITY GURO HOSPITAL

» Resonance a

« When fluid is
bubbles - "
. the waves refimses. . o8 result in an

infinitely long ic line.

hhedron of air

KU
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Ring Down Artifact

nrlel2e PR Fhyelstn
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Ring down vs Comet tail sign

Non-dissipated

Tapered

UL U2 EA
KOREA UNIVERSITY GURO HOSPITAL

Mirror Image Artifact

« Occur under a strong reflector that acts as a
MIrror.

« The mechanism behind mirror image artifacts
is similar to that of reverberations.

acjo|2el BEYS ol
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 Occur
MIrrotr

« The r
|S Slm Strong reflector

> dS d

rtifacts

Existing object

Mirror artifact

https://ecgwaves.com/topic/artifacts-in-ultrasound-imaging/

DAL T2 EN
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Mirror Image Artifact

- Y WS RGNS TR o [ NN B SRS TS T
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Mirror Image Artifact

° 297
( 4 i
o
o ] acts
.
https://www.pocus101.com/basic-principles-of-ultrasound-physics-and-
KU
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Side Lobe Artifact

e The central beam/side lobes from transducer

« When the beam of an off-axis side lobe encounters a
structure and returns this off-axis object as coming
from the main beam.

Beam from
side lobes
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Side Lobe Artifact

When side loves encounter strong reflectors (fluid-filled cyst,
calcification, pericardium, mechanical heart valves, etc)
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Side Lobe Artifact
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Side lobe/pseudo-sludge Actual sludge
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The complication of AF: Stroke

Aorta Superior vena cava
Left pulmonary 3
artery Right pulmonary artery

Right pulmonary veins

Auricle of left

. Right atrium
atrium
Left atrium Inferior vena cava

Great cardiac

vein Coronary sinus

. . Right coronary artery
Posterior vein 7 A\ (in coronary sulcus)

of left ventricle o Posterior

Left ventricle Uk interventricular

/ artery (in posterior
interventricular sulcus)
Middle cardiac vein
Right ventricle

Apex
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||~ No AF
95% CI, No AF
= 50-65 years

-1.5

Standardized Global Score
-1

&' q|= 60-75 years
p=0.031
= 70-85 years
T T T T T T T 1
50 55 60 65 70 75 80 85

Age (years)
Eur Heart J. 2017 Sep 7;38(34):2612-2618.
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Anticoagulation in AF patient

No antiplatelet or v
anticoagulant
treatment (IIIB) OAC should be

considered (IlaB)

may be considered in
patients with clear
contra-indications

for OAC (IIbC)

Oral anticoagulation

indicated

Assess for contra-indications
Correct reversible
bleeding risk factors

LAA occluding devices

= (o)

\
\
« v

2016 ESC Guidelines

Who is in high risk of stroke ?

CHA,DS,-VASc score

Score Annual

Risk Factor Score Stroke risk
Congestive heart failure / LV dysfunction 1 0 0.2%
Hypertension 1 1 0.6 %
Age > 75 2 2 Lok
Diabetes mellitus 1 3 2%
Stroke / TIA / thromboembolism 2 : 48?
Vascular disease (Ml, PAD, Aortic plaue) 1 Z ;j;(:
Age 65-74 1 7 11.2 %
Sex category (female) 1 8 10.8 %
Maximum score 9 9 12.2%

Eur Heart J. 2012 Jun;33(12):1500-10
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Warfarin

Major limitation
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New Oral Anticoagulant (NOAC)

-> Direct oral anticoagulant (DOAC)

- Novel oral anticoagulant
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NOAC vs Warfarin

Efficacy - Thromboembolism

NOAC (events) Warfarin (events)

RR (95% C1) P

RE-LY5* 134/6076 199/6022 + 066 (0-53-0-82)  0-0001
ROCKET AFet 269/7081 306/7090 —— 0-88(0-75-1.03)  0-12
ARISTOTLE7$ 212/9120 265/9081 —.— 0-80(0-67-0-95)  0-012
ENGAGE AF-TIMI 485§ 296/7035 337/7036 —— 0-88(0-75-1.02)  0-10
Combined (random) 911/29312  1107/29229 —@— 0-81(073-0-91)  <0-0001

I 1

0- 1.0 2.0
> «— —
Favours NOAC Favours warfarin
L L
Safety — Major bleeding
NOAC (events) Warfarin (events) RR (95% CI) P

RE-LYS* 375/6076 397/6022 0-94(0-82-1.07)  0-34
ROCKET AF®t 395/7111 386/7125 : 1.03 (0-90-1-18) 072
ARISTOTLE’+ 327/9088 462/9052 —— 071 (0-61-0-81)  <0-0001
ENGAGE AF-TIMI 48%§ 444/7012 557/7012 —— 0-80(0-71-0-90)  0-0002
Combined (random) 1541/29287 1802/29211 —@— 0-86 (0-73-1-00) 0-06

I 1

0- 1.0 2.0
> «— I
Favours NOAC Favours warfarin

Lancet 2014;383:955-962.

Thromboembolism prevention of NOAC

Odds Ratio (95% Crl)

. . . 0.66
Dabigat 150 t dail
abigatran mg twice daily — (0.53,0.82)
. . . 0.78
Apixaban 5 mg twice daily o (0.65,0.94)
Edoxaban 60 mg daily © 704'81702>
0.88
Rivaroxaban 20 mg daily ] (0.74,1.04)
Dabigatran 110 mg twice daily 0.91
o (0.74,1.12)
Edoxaban 30 mg daily 1.14
L (0.98,1.32)
Medium Dose ASA (> 100 mg 1.35
and < 300 mg daily) ——— (0.74,2.47)
” 1.87
Low Dose ASA (=< 100 mg daily) o (1.26,2.8)
Low dose ASA (< 100 mg daily) 1.93
& Clopidogrel 75 mg daily —.— (1.42,2.64)
0.1 10.0 0
Favours Favours
antithrombotic  Standard
treatment Adjusted
dose VKA BMJ, 2015
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Bleeding risk of NOAC

Odds Ratio (95% Crl)

0.46 Edoxaban 30 mg daily
(0.4,0.549) L 2
0.69 N . .
(0.6,0.8) O Apixaban 5 mg twice daily
0.79 .
(0.69,0.9) o Edoxaban 60 mg daily
R Dabigatran 110 mg twice daily
(0.69,0.93) S 2
0.93 Dabigatran 150 mg twice daily
(0.81,1.08) o
1.03 . .
(0.89,1.19) 25 Rivaroxaban 20 mg daily
1.05 Low Dose ASA (< 100 mg daily)
(0.6,1.87)
11 Low dose ASA (=< 100 mg daily)
- Ci i 175 dail
(0.83.1.47) | & Clopidogre mg daily
1.78 Medium Dose ASA (> 100 mg
(0.62,5.86) -®- and = 300 mg daily)
0.1 Favours 1-0 Favours 10
antithrombotic Standard
treatment Adjusted
dose VKA

BMJ, 2015

Valvular atrial fibrillation — Do not use NOAC !

AHA/ACC
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Anticoagulation in diverse condition

> Elderly

» CKD, Liver disease patient
» Venous thromboelbolism
> Peri-operative

» Drug-interaction

> Bleeding

CASE - Female 83 YO

HF, HTN, Anemia, ITP
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| hesitate anticoagulation in elderly, because....

The risk of stroke and bleeding as aging

Adjusted HR (95% Cl)
65-74 vs. <65 years;

1,45 (1.04- 2.00)

1.13(0.77-1.67)

1.83 (1.40-2.39)

3.30(1.72-6.31)

275 vs. <65 years;

6.0

1.83 (1.32- 2.54)

1.81(1.24- 2.63)

268 (2.04- 3.52)

3.77 (1.94-7.30)

5.0 1

4.0 4

3.0 1

2.0 A

Event rate (%/ pt-yrs)

Ptrend all<0.01

23
1.8
14
1.0
57| 12
0.0 -

Stroke/Systemic
Embolic Event

(N=337)

1.7
0.9 1.4
L
Ischemic

Stroke
(N=235)

4.8

3.3

81

Major Bleeding

(N=524)

L1 <65years
L4 65-74 years
B >75 years

1.2
0.9
il
L1214

Intracranial
Hemorrhage

(N=132)

Kato et al. J Am Heart Assoc. 2016;5:e003432
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Stroke > bleeding in eldery

PREFER in AF registry (n=6412):
Age-re ated outcomes n pat'ents rece’v'ng OAC or no OAC (ant'p ate et therapy ony or no ant'thrombot'c drug)

Thromboembolic event Major bleeding event

6.3
4.3 4.2 4.0
4 4 34
28 29
23
2 . . 2 I
0 0

Age <85 yrs Age >85 yrs Age <85 yrs Age >85 yrs
= No OAC =OAC =No OAC = OAC

J Am Heart Assoc. 2017;6(7):e005657.

The benefit of anticoagulation in elderly

NOAC Al‘% AI Net clinical benefit in the overall population:
-2.19%; 95% Cl -4.23%, -0.15%; P=0.036

-8.02%

WAge<85yrs M Age>85yrs mAge>90vyrs

Ischemic stroke, systemic embolism, myocardial infarction, hemorrhagic stroke, and major bleeding as outcome measures

J Am Heart Assoc. 2017;6(7):e005657.
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Anticoagulation change in superaged (>90 YO)

« Antiplatelet agents showed no significant difference in ischemic stroke or ICH, but those taking warfarin were associated with a
lower risk of ischemic stroke, with no difference in ICH risk.

+  Compared with warfarin, NOACs were associated with a lower risk of ICH.

«  Thus, OACs may still be considered as thromboprophylaxis for elderly patients, with NOACs being the more favorable choice.

jchemlc stioke Hasard eatio {283 C1) Puslie, Il \chiamic stioke Hazard ratio ( 95% CI ) P value
No antithrombotic therapy Reference =
Anti-platelet drugs Unadjusted model 0.90(0.80 - 1.02) —— 0.093 Warfarin Reference N
Adjusted modef’ 091(080-108) e 0153 NOACs Unadjusted model 0.96(0.51-1.82) —— 0.900
Competing risk” 0.93(0.82-1.06) —. 0255 Adjusted model" 1.04(0.45-1.97) —_—— 0.905
Propensity match 0.91(0.78 - 1.06) — 0212 Competing risk’ 1.16 (0.61-2.22) ———— 0.654
Warfarin 0.017
Adjusted model” 065 (0.47-0.51) e 0011 IcH
3 0.027
Propensity match 0.61(0.40-0.94) —— 0.024 Warfarin Reference -
NOACs Unadjusted model 0.27 (0.08 - 0.93) _—m— 0.038
ICH Adjusted model” 0.29(0.09 - 0.98) —_———— 0.046
No antithrombotic therapy Reference - Competing risk® 032 (0.10-0.97) [ S— 0.044
Anti-platelet drugs  Unadjusted model 095(0.71-127) —at— 0733
Adjusted mocel” 085(0.63-1.14) — 0212 Major bleeding
Competing risk” 0.87(0.65 - 1.17) —_—— 0365 =
Propensity match 1.02(0.70 - 1.48) —_— 0922 Warfarin Reference 3
Warfarin Unadjusted model 127(0.72-2.25) —_— 0.407 NOACs Unadjusted model 0.86 (0.57 - 1.29) —,—r— 0.455
Adjusted mocel” 122(0.68-28) —_— 0512 Adjusted model” 0.88(0.58-1.32) — 0536
Competing risk" 1.26(0.70-225) —_—— 0441 Competing risk” 0.95 (0.63-1.44) —— 0.866
Propensity match 146(058-371) —_— oas
0.05 0.10 0.20 0.40 100 1.60 3.20
o e =8 =2 = Hazard ratio (95% C1 )
Hazard ratio ( 95% CI )
Favor treatment Favor no treatment Favor NOACs Favor Warfarin

Circulation 2018

NOAC vs Aspirin

ORIGINAL ARTICLE

Apixaban in Patients with Atrial Fibrillation

Stuart ). Connolly, M.D., John Eikelboom, M.B., B.S., Campbell Joyner, M.D., Hans-Christoph Diener, M.D., Ph.D., Robert Hart, M.D., Sergey Golitsyn, M.D., Ph.D., Greg Flaker,
M.D., Alvaro Avezum, M.D., Ph.D., Stefan H. Hohnloser, M.D., Rafael Diaz, M.D., Mario Talajic, M.D., Jun Zhu, M.D., et al., for the AVERROES Steering Committee and
Investigators*®

AVERROES (Apixaban Versus Acetylsalicylic Acid [ASA] to Prevent Stroke in Atrial
Fibrillation Patients Who Have Failed or Are Unsuitable for Vitamin K Antagonist
Treatment) study

In a double-blind study, we randomly assigned 5599 patients with atrial fibrillation
who were at increased risk for stroke and for whom vitamin K antagonist therapy was
unsuitable to receive apixaban (at a dose of 5 mg twice daily) or aspirin (81 to 324
mg per day), to determine whether apixaban was superior. The mean follow up
period was 1.1 years. The primary outcome was the occurrence of stroke or systemic
embolism.

N Engl J Med 2011;364:806-17
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NOAC vs Aspiri
A stroke or Systemic Embolism B Maijor Bleeding
No. of Hazard Ratio with P Value for No. of Hazard Ratio with P Value for
Characteristic Patients Aspirin Apixaban Apixaban (95% Cl)  Interaction Characteristic Patients Aspirin Apixab pixaban (95% Cl) i
no. of events (%/yr) no. of events (%/yr)
Overall 5599 113 (3.7) 51(L6) B o] 5599 39(12) 44 (L4) =
Age 3 0.08 Age : 085
<65 yr 1714 19(20) 7(0.7) — 65 yr 1714 5(05) 7(07)
65 to <75 yr 1987 28(27) 24 (20) j—'—— 65 to <75 yr 1987 10(1.0) 11(0.9) ——
=75 yr 1897 66 (6.1) 20(2.0) = =75 yr 1897 24 (2.2) 26 (2.6) o
Sex : 0.42 Sex \ 0.97
Female 2321 64(49) 25(1.9) = Female 2321 17(1.3) 19(L5) o
Male 3277 49(27) 26(1.4) —I— Male 3277 22(12) 25(1.4) ——
Estimated GFR : 0.36 Estimated GFR : 0.92
<50 ml/min 1198 36(5.8) 16 (25) — <50 ml/min 1198 16 (25) 20(3.2) ——
50 to <80 ml/min 2374 59 (45) 22(1.7) —-— 50 to <80 ml/min 2374 17(13) 17(13) B
=80 ml/min 2021 18(L6) 13(L1) — =80 ml/min 2021 6(05) 7(0.6) —
CHADS, score 023 CHADS, score 0.70
0-1 2026 18 (16) 10(0.9) B 0-1 2026 6(05) 6(05) -
2 1999 40 (3.7) 25(2.1) e 2 1999 14 (13) 14(12) ——
23 1570 55(63) 16 (1.9) —— 23 1570 19 (21) 24 (29) R
Prior stroke or TIA : 018 Prior stroke or TIA : 0.73
No 4835 80 (3.0) 41(L5) -.- No 4835 28 (1.0) 30(L1)
Yes 764 33(83) 10(25) e Yes 764 11(27) 14 (35) e
Study aspirin dose H 0.99 Study aspirin dose | 0.14
<162 mg daily 3602 85 (43) 39 (L9) B N <162 mg daily 3602 22(L1) 32(L6) N
2162 mg daily 1978 27 (2.4) 12(L1) —— 2162 mg daily 1978 17 (15) 12(L1) o
Previous VKA use 013 Previous VKA use : 0.74
Yes 2216 52 (42) 17(14) - Yes 2216 21(17) 22(18) — -
No 3383 61(33) 34(18) . No 3383 18(L0) 22(12)
Patient refused VKA H 0.61 Patient refused VKA \ 0.84
No 3506 73 (3.8) 35(18) - No 3506 24 (12) 28 (14)
Yes 2092 40 (3.4) 16 (1.4) B Yes 2092 15(13) 16 (14) ——
Heart failure : 0.74 Heart failure : 036
No 3428 66 (3.6) 28 (1.5) = No 3428 22(11) 28(L5) —
Yes 271 45(3.8) 23(18) e Yes 2171 17 (14) 16(13) e
p—r—r—
005 025 100 400 005 025 100 4.00
Apixaban Aspirin Apixaban Aspirin
Better Better Better Better
2021 EHRA AF guideline
@ ESC  coopcecoroniss POSITION PAPER
mpensoc dataionesepiass EHRA PRACTICAL GUIDE
2021 European Heart Rhythm Association
Practical Guide on the Use of Non-Vitamin K
Antagonist Oral Anticoagulants in Patients with
Atrial Fibrillation
N OAC S Jan Steffel'*, Ronan Collins?, Matthias Antz’, Pieter Cornu®, Lien Desteghe®*,
Karl Georg Haeusler”, Jonas Oldgren®, Holger Reinecke’,
. o ¥anessa:oldan:§ac?lljini'°,c Nigel l'l‘owe:":; Pet:r Sdi:na:vle':, Thomas Vanassche'?,
t]: t] AL i i idbii N

in advanced age and frallty atjana Potpara'?, A. John Camm'™, and Hein Heidbiichel

 The net clinical benefit for OAC declines with advanced age
due to competing risks for bleeding and death but is
maintained longer with NOACs than VKA.

* While frailty and cognitive impairment syndromes are
associated with greater mortality and underuse of OAC, the
benefits of OAC are maintained in these cohorts.

ool L2EH Jrgelstat
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AF and chronic kidney disease

AVERROES sub-analysis : Hazard Ratio of Stroke/SE and Major Bleeding in stage Il

Major Bleeding

(HR 2.2, p=0.02)

Stroke or Systemic

Embolism
(HR 1.6, p < 0.01)

60+

Risk increase

Rate of Events

eGFR 260 Stage Ill
mL/min/1.73 m? CKD

(ref) (N=1,697)
(N=3,828)

120«

Risk increase

eGFR 260 Stage Il
mL/min/1.73 CKD

(ref) (N=1,697)
(N=3,828)

Figure modified from Eikelboom JW et al

.J Stroke Cerebrovasc Dis 2012; 21(6): 429-35

Metabolism and absorption of NOAC

Apixaban
~73%
——> Apixaban t,=12h
Bio-availability:
50%
~27%
Edoxaban
' (~4% Cyp3Ad)
@ Edoxaban t,=10-14 h
Bio-availability: —
62%

Dabigatran

esterase-mediated
hydrolysis

/4 —> Dabigatran t,=12-17h
Bio-availability:

3-7% ~80%

Rivaroxaban

i . t, = 5-9h (young)
x@ Rivaioxaban 11-13h (elderly)
£

Bio-availability: { "

* 66% (without food)
*=100% (with food)

nrlel2e PR Fhyelstn
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NOAC use according to renal function
CrCl Dabigatran Rivaroxaban Edoxaban Apixaban
A — —
90 ml/min — e  GanTEEEEEREEEEREEY Nt SEEEREEEEEEEE
60 mg*
20 mg Dose reduction to
30 mg if weight <60 kg
or concomitant potent
P-Gp inhibitor therapy
50 mi/min —f-—-—- 150 mg BID / 5mgBID/
110 mg BID 2.5mg BID
(10 mg BID in 2x2.5mgq if at least
patients at 2 out of 3fulfilled:
. high risk of - Age >80 yrs
40 ml/min —| L 15 mi 30m g )
/ bleeding) 9 9 - weight <60 kg
- Creat >1.5 mg/dl
(133 pmol/l)
30 ml/min SThesssumrsnseeenees¥ereve eyl =
@ 15 mg 30mg 2.5mgBID
15 ml/min
Dialysis + Contraindicated as per SmPCs
*According to EMA SmPC edoxaban should be used in “high CrCl only after a careful evaluation of the individual
thromboembolic and bleeding risk".
NOAC vs Warfarin in CKD stage lll
Stroke or systemic Embolism
NOACs Warfarin Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.4.1 Stroke or Systemic Embolism GFR < 50 mimin
ARISTOTLE 54 1502 69 1515 69% 0.79(0.56,1.12) =
ENGAGE AF-TIMI 48 43 1287 49 1297 49% 0.88(059,1.32) —
RE-LY 36 1232 57 1126 59% 058(0.38,087) ——
ROCKET AF 77 1490 86 1459 87% 0.88(0.651.18) —
Subtotal (95% CI) 5511 5397 26.4%  0.79[0.66, 0.94) =
Total events 210 261 . . X X
Heterogeneity: Chi*= 3.03,df=3 (P=0.39); F=1% 05 07 15 2
Test for overall effect Z= 2,63 (P = 0.008) Favors [NOACs] Favors [Warfarin)
Major bleeding
NOACs Warfarin Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
2.4.1 Major Bleeding in GFR <50 mi/min
ARISTOTLE 73 1493 142 1512 79% 052(0.40,068)
ENGAGE AF-TIMI 48 96 1287 128 1297 71% 0.76[0.59,0.97] s =
RE-LY 129 1232 116 1126 68%  1.02(0.80,1.29) I e—
ROCKET AF 99 1502 100 1476 57% 097 (0.74,1.27) —
Subtotal (95% CI) 5514 5411 27.5% 0.80(0.70,0.91) E
Total events 397 486
Heterogeneity. Chi*= 1566, df= 3 (P=0.001), F=81% + + + N
Testfor overall effect: Z= 3.49 (P = 0.0005) 05 07 15 2
Favors [NOACs] Favors [Warfarin]
Am J Cardiol. 2016;117(1):69-75.
arhelzd PR Jhgolsta
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NOAC vs Aspirin in stage Ill CKD patients

A

ASA pts:Primary Outcome Rate with 95%CI

AVERROES : Event rates with apixaban vs aspirin according to CKD status*

A

Thrombo
-embolism

8

Aspirin

EERREEE

04

Major
bleeding
}

351 453 648 749
3039 049 8060 079 8086 =80
eGFR
N 124 3 aa 530 812 44 339
n 4 20 z 2 21 1° 6

eGFR

148 254 455 S0 881 M7 Mg
9

B Apixaban pts:Primary Outcome Rate with 95%CI B
10 4
!
o Apixaban
o]
= 61
i i
# ?
il
34 { } I
21 I
! f11]
o]
361 454 554 651 749 851 9.3
3030 4049 5050 6060 7079 8099 >0

ASA pts: Major Bleed Rate with 95%Cl

Aspirin

III

sz

39.0 53.2 674 86.4
3044 4559 6074 >=75
eGFR
254 586 813 1098
10 10 9 9

Apixaban pts: Major Bleed Rate with 95%Cl

Apixaban

III

L OB 8L 5
eGFR
261 596 865 1052
12 12 10 [

NOAC in stage Ill CKD patients

CLINICAL AND POPULATION SCIENCES

Fibrillation

Reyes, MD, and Charles A. Herzog, MD

1200

Direct-Acting Oral Anticoagulants Versus Warfarin in
Medicare Patients With Chronic Kidney Disease and Atrial

James B. Wetmore, MD, MS (1), Nicholas S. Roetker, PhD, MS, Heng Yan, MS, Jorge L.

- Warfarin

Number of prescriptions

2011 2012 2013

pi

[w

2014
Index quarter

2015

2016

0
Q1 Q2Q3Q4Q1Q2Q3Q4Q1Q2Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

2017

Stroke. 2020;51:2364-2373
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Structured Follow-up for patients on NOACs
[EHRA 2021 guideline]
| Initiator of anticoagulant treatment
° 75A'|| O|AOI- Q’Xl’ EEE fl’al| Q’Xl’gl @—?— — Indication (contraindication?) for anticoagulation
— Baseline blood works, incl. hemoglobin, renal / liver function, full coagulation panel
~ Choice of anticoagulant and d
4708 F7|2| check A1 e e B
— Organization of follow-up (when, where, by whom, what?)
- CrCl/10 Z7|(months)Z renal first FU: 1 month
. Regular follow-up: GP; cardiologist, anticoagulation / AF clinic, ...
fu nct | O n 74' A I‘ —_|'|:I __lL (may be performed via phone / video call, particularly if in-person visit is not possible or
= = deemed risky, e.g., during Covid-19 pandemic)
- T‘hromboembolic/ bleeding events?
Interv.al "quick check” / blood : /S\I::eergiz‘es?" i ion, r ining pills, NOAC card, ...)?
s ~ Change in co-medication (incl. over-the-counter drugs)?
* &:monthly; 275y (especially ifon — Need for blood sampling? Hemoglobin, renal function, coagulation panel etc.
dabigatran), or frail. — Re-assessment of CHA,DS,-VASc and HAS-BLED score
‘—W—/—'E';jmincrc‘ 10" months If CrCl <60 — Modifiable stroke- and bleeding risk factor and -imp
R T il ofiosimalNOAGand correctHosing
_°°"di:ti°":’ es:i Wit:e‘m:‘_a":ian' . Severe problems or
:::Tan?u:;;, :srAlopjsl:, reen Nslsevere challenges Consultation with
dehydration etc.). prt; les or specialist / multi-
challenges disciplinary team
— Filling of anticoagulation card
— Reinforcement of key educational aspects
— Schedule of date/place for next follow-up
In Long-term Dialysis Patients

» Randomized trials to date of apixaban versus warfarin for AF excluded patients with
severe and end-stage kidney disease, calculated creatinine clearance <25 mL per
minute.

» The US FDA cautiously extended apixaban use to patients with end-stage kidney
disease on hemodialysis based on limited pharmacokinetic data.

» The recommended dose of apixaban was 5 mg twice daily with a reduction in dose
to 2.5 mg twice daily for either >80 years of age or body weight <60 kg.

» The expectation or hope was that the favorable results of the ARISTOTLE trial would
be translated to patients with AF dependent on dialysis, specifically less major
hemorrhage, less intracerebral hemorrhage, and lower mortality compared to VKAs.
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Effect of Anticoagulant
on the Primary Efficacy Outcome (Stroke/SE)

Comparison: Other vs. Apixaban 5 mg

W Treatment (Random Effects Model) HR 95% Cl
Apixaban 2.5 mg - 1.69 [0.88-3.23]
% b T mdan Cokoh 8 ARPIAY FoUNDATION e No-Anticoagulant _— 169 [0.86-3.33]
PusLiswEo ey eLsevien Warfan 1 154 [0.82-2.91]
Oral Anticoagulation for ) 03 05 1 2 B
Patients With Atrial Fibrillation on
i H H Comparison: Other vs. Apixaban 2.5 mg
Long-Term Dialysis W Treatment (Random Effects Model) 95% Cl
‘Toshiki Kuno, MD, Pib," Hisato Takagi, MD, PD,” Tomo Ando, MD,* Takehiro Sugiyama, MD, MSHS, PuD, %" R
Satoshi Miyashita, MD," Nelson Valentin, MD, MSc," Yuichi J. Shimada, MD, MPH* Masaki Kodaira, MD, PwD," Apixaban 5 mg 0.59 [0.31-1.13]
Yohei Numasawa, MD, PiD," Alexandros Briasoulis, MD, PuD,' Alfred Burger, MD,* Sripal Bangalore, MD, MHA' No-Ant 1.00 [0.52-1.93]
Warfarin _—‘-}—- 0.91 [0.50-1.68]
03 0.5 1 2 3
Comparison: Other vs. Warfarin
C (Random Effects Model) HR 95% Cl
Apixaban 2.5 mg H— 1.09 [0.59-2.02]
Apixaban 5 mg e Bt 0.65 [0.34-1.22]
No-Anticoagulant — 110 [0.86-1.39]
03 0.5 1 2 3
Comparison: Other vs. No-Anticoagulant
"l Treatment (Random Effects Model) HR 95%Cl
Apixaban 2.5 mg 1.00 [0.52-1.93]
Apixaban 5 mg -— 0.59 [0.30-1.17]
Warfarin — 0.91 [0.72-1.16]

03 0.5 1 2 3

J Am Coll Cardiol. 2020;75(3):273-285.

Effect of Anticoagulant
on the Primary Safety Outcome (Major Bleeding)

Comparison: Other vs. Dabigatran Comparison: Other vs. Apixaban 2.5 mg
A Treatment (Random Effects Model) HR 95% CI D Treatment (Random Effects Model) HR 95% CI

Apixaban 2.5 mg —_ 0.48 [0.33-0.70] Apixaban 5 mg —— 0.99 [0.73-1.34]
Apixaban 5 mg _— 0.48 [0.32-0.71] Dabigatran | —_— 2.07 [1.42-3.01]
No-Anticoagulant —_— 0.51 [0.38-0.70] No-Anticoagulant _ 1.06 [0.79-1.43]
Rivaroxaban —— 0.93 [0.60-1.43] Rivaroxaban —— 1.92 [1.25-2.94]
Warfarin —— 0.68 [0.52-0.88] Warfarin — 140 [1.07-1.82]

03 0.5 1 2 3 0.3 0.5 1 2 3

B Comparison: Other vs. Rivaroxaban Comparison: Other vs. Warfarin

Treatment (Random Effects Model) 95% Cl E R (Random Effects Model) HR 95%Cl
Apixaban 2.5 mg —— [0.34-0.80] Apixaban 2.5 mg — 072 [0.55-0.93]
Apixaban 5 mg — [0.33-0.80] Apixaban 5 mg —_— 071 [0.53-0.94]
Dablgat'ran — 1.08 [0.70-1.66] Dabigatran — 148 [1.13-1.94]
No-Anticoagulant —a— GED [0.39-0.801  ng_pnticoagulant iR 076 [0.67-0.87]
i | 0.73 [0.52-1.02] Rivaroxaban T 137 [0.98-1.93]

03 0.5 1 2 3 03 0.5 1 2 3

Comparison: Other vs. Apixaban 5 mg Comparison: i
parison: Other vs. No-Anticoagulant
[ Treatment (Random Effects Model) 95%Cl F e (Random Effects Model) HR 95% Cl

Aplx}aban 2.5mg —_— [0.75-1.37] Apixaban 2.5 mg —_— 0.94 [0.70-1.26]
Dabigatran —_— [1.42-3.09] Apixaban 5 mg —_— 0.93 [0.68-1.271
No-Anticoagulant —— 1.08 [0.79-1.47] Dabigatran . 194 [1.44-2.62]
Rlvaro).(aban —_— 1.94 [1.25-3.02] Rivaroxaban P 1.80 [1.25-2.59]
Warfarin — 141 [1.07-1.88] Warfarin —— 131 [1.15-1.50]

03 0.5 1 2 3 0’_3 ol_ 5 1 é é

J Am Coll Cardiol. 2020;75(3):273-285.
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Liver disease

Baseline assessment:

* H/othromboembolism or bleeding?
* Relevant co-medications and over-the-counter drugs?
* CBC, liver function test, PT/INR, aPTT, renal function

* High bleeding risk (e.g., H/o major bleeding (varices),

Highest risk
patients

uncontrolled alcohol intake, etc.)?

All other patients y

NOAC Use recommendations in liver disease

Dabigatran

Parameter 1 point 2 points 3 points

Enicephelo: No Grade 1-2 Grade 3-4

pathy

Ascites | [ ____No _________Mid________ 2 Moderate __ |
N <2 mg/dL 2-3 mg/dL >3 mg/dL

Bilirubin

I . <3apmolft __ _s4-S0umolft >50umol/L __|

] >3.5g/dL 2.8-3.5g/dL <2.8g/dL

Albumin

________________ >35g/L ______2835gL _____<28g/d _ |

INR <1.7 1.71-2.30

Rivaroxaban

Apixaban

Edoxaban

Not recommended

Venous thromboembolism (DVT / PE)

Treatment of DVT/PE

Initial therapy

Remainder of treatment phase

Apixaban**®

Dabigatran*”’

Edoxaban®®

Rivaroxaban

501,502

10mg BID, 7 days
Heparin/LMWH
Heparin/LMWH
15mg BID, 21 days

Long-term prevention of recurrent DVT/PE

Standard dose

5mg BID, no dose reduction

150 mg BID, no dose reduction®

60mg QD, same dose reduction as for SPAF (see above)
20 mg QD, no dose reduction®

Comments/dose adjustment

Apixaban®®®

Dabigatran®®*

Edoxaban

Rivaroxaban

473,500,505

506

2.5mg BID
150 mg BID
60mg QD
10mg QD

VTE prevention post-major orthopaedic surgery

Standard dose

No pre-specified dose-reduction criteria in clinical trial®

Comments/dose reduction

Apixaban®®’
Dabigatran
Edoxaban

Rivaroxaban

508,509
510,511

512-515

2.5mg BID

220mg QD/150mg QD

30mg QD
10mg QD

Not approved in Europe (only studied in Asia)

acfolze 22Ee ot
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Drug interaction

Via

Dabigatran etexilate

Dronedarone

P-gp and CYP3A4
inhibition

Erythromycin

Clarithromycin;

P-gp inhibition and
strong CYP3A4
inhibition

Clarithromycin:
+19% AUC;
HI5IC Ry
(SmPC)

A

pixaban

Edoxaban

Rivaroxaban

Wi

th caution

+85%°°%

(dose reduction to 30
mg once daily by label)

Clarithromycin:
+60% AUG;
+30% Corax

(SmPC)

Erythromycin:

+85% AUC;

+68% Co ™
(dose reduction to 30
mg once daily by label)

Clarithromycin:
+50% AUC;
+40% Cnax

Erythromycin:
+30% AUC;
+30% Crax (SMPC)

Ketoconazole

Fluconazole Moderate CYP3A4
inhibition
ltraconazole; Potent P-gp and BCRP

competition; strong
CYP3A4 inhibition

(dose reduction to 30
mg once daily by label)
(ketoconazole) **'

+42% AUC;
+30% C oy
(if given systemically)

Herb

Curcumin
2g 558

P-gp inhibition

Echinacea purpurea

Mild CYP3A4 inhibition

cal 28

Garlic Mild CYP3A4 inhibition;
anticoagulation / antiplatelet effect

Ginger Anticoagulation / antiplatelet
effect

Ginkgo biloba P-gp inhibition; anticoagulation /
antiplatelet effect

Ginseng Anticoagulation / antiplatelet
effect

Green Tea P-gp inhibition; anticoagulation /

antiplatelet effect

Horse chestnut
A== (@2 o)

Anticoagulation / antiplatelet

effect

St. John’s wort
23 KR 5B

P-gp/ BCRP and CYP3A4

induction

Valerian Fox=E

Mild CYP3A4 inhibition

Doz PRY JFEelsE
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Classification of elective surgical
interventions according to bleeding risk

Minor risk interventions (i.e. infrequent bleeding and with low clinical impact)

Dental extractions (1-3 teeth), paradontal surgery, implant positioning, subgingival scalling/cleaning
Cataract or glaucoma intervention

Endoscopy without biopsy or resection

Superficial surgery (e.g. abscess incision; small dermatologic excisions, skin biopsy)
Pacemaker or ICD implantation (except complex procedures)

Electrophysiological study or catheter ablation (except complex procedures)

Routine elective coronary/peripheral artery intervention (except complex procedures)
Intramuscular injection (e.g. vaccination)

Low-risk interventions (i.e. infrequent bleeding or with non-severe clinical impact)
Complex dental procedures

Endoscopy with simple biopsy

Small orthopaedic surgery (foot, hand, arthroscopy, . . .)

Cardiac surgery
Peripheral arterial revascularization surgery (e.g. aortic aneurysm repair, vascular bypass)
Complex invasive cardiological interventions, including lead extraction, (epicardial) VT ablation, chronic total occlusion PCl etc.
Neurosurgery

Spinal or epidural anaesthesia; lumbar diagnostic puncture

Complex endoscopy (e.g. multiple/large polypectomy, ERCP with sphincterotomy etc.)
Abdominal surgery (incl. liver biopsy)

Thoracic surgery

Major urologic surgery/biopsy (incl. kidney)

Extracorporeal shockwave lithotripsy

Major orthopaedic surgery

Stopping and re-initiation of
NOAC therapy in elective surgery

Day -4 Day -3 Day -2 Day -1 Day of surgery Day +1 Day +2
—_

o.mlllllll(l) R\ A R | R A

Apix W e e S (\-/)
sz |0 o |e
== o o o
R R |(R AR A B (.)

Minor risk
No bridging
X X6 D¢ D6
[ Restart 2 6h post surgery

X

Dabi
etz ) |(ecz ) etz ooy
£ o
,!N’l" W G oo (\.a) O'_ﬁ (v) - QY S S
o
§ o

bri

e

ainae| @ b o (0
oumao| @ i
I

| ooz |z so) oroeciz )

rin /

measurements
(in special situations **)

hep

Consider plasma level

No bridging
g
LMTm )

Restart 2 48h (-72h) post surgery

Important: Timing of interruption may require ptation based on individual patient characteristics (Fig. 13)
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Stopping and re-initiation of
NOAC therapy in elective surgery

Apixaban - Edoxaban -

Dabigat
abigatran Rivaroxaban

No perioperative bridging with LMWH / UFH

Minor risk procedures: - Perform procedure at NOAC trough level (i.e., 12 h / 24 h after last intake).
- Resume same day or latest next day.

Low risk Low risk

CrCl 280 ml/min 224h
CrCl 50-79 ml/min 236h 224h
CrCl 30-49 ml/min 96
CrCl 15-29 ml/min Not indicated Not indicated 236h

CrCl <15 ml/min No official indication for use

Important:
* Timing of interruption may require adaptation based on individual patient characteristics

(Fig. 13)

* In patients / situations with risk of NOAC accumulation (renal insufficiency, older age,
concomitant medication, see Fig. 6) pausing the NOAC 12-24 hours earlier may be
considered.27:208

* Resume full dose of NOAC 24h after low-risk- and 48 (-72) h after high-risk interventions

Bleeding while using a NOAC

v

* Inquire about NOAC, dose, and time of last intake

* Inquire about co-medication (including antiplatelets, NSAIDs, OTC drugs, ...)
* Blood sampling to determine creatinine (clearance), hepatic function, WBC
* Rapid coagulation assessment, incl. plasma drug levels (if available)

v

| Mild bleedin I Non-life-threatening
8 major bleeding

| 7 | 7+

* Delay or discontinue next dose Supportive measures: For dabigatran-treated patients:
* Reconsider concomitant medication * Mechanical compression Idarucizumab 5g i.v.
* Reconsider choice of NOAC & dosing * Endoscopic hemostasis if gastrointestinal bleed * For FXa inhibitor -treated patients:
* Surgical hemostasis Andexanet alpha (Dosing: See Fig. 10)
* Fluid replacement; RBC / platelet substitution
* Consider adjuvant tranexamic acid Otherwise, consider:
* Treatment of factors / comorbidities contributing * PCC50 U/kg; +25 U/kg if indicated
to bleeding * aPCC 50 U/kg; max 200 U/kg/day

For dabigatran:
+ Consider idarucizumab / hemodialysis (if

idarucizumab is not available)

Post-bleeding management

Discuss impact of bleeding on patient's consideration of risks and benefits of anticoagulation
Assess risk of repeat bleeding

Re-evaluate modifiable bleeding risk factors

Review correct choice and dosing of NOAC

- Re-initiate anticoagulation in the absence of absolute contraindication (shared decision making).
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AN YSNA=E Yol= EFSn

Dabigatran 150mg bid
WYOLE LI ES = v

Apixaban 5mg bid*, rivaroxaban 15mg qd, dabigatran

AD|s o - '
BE= S NI L (Crcl 30-49 mL/min)t, edoxaban 30mg qd

S S nHF Apixaban 5 mg bid* or dabigatran 110 mg bid

Apixaban 5mg bid*, rivaroxaban 20mg qd¥,

ABHEaFgl o|xrn Hay2
Seg il s wad edoxaban 60mg qd+

Dabigatran 110mg bid, apixaban 5mg bid*,
edoxaban 60mg qd+

High risk of bleeding (HAS-BLED =>3)

7l = 88H= 2fo| BHLt

Warfarin, rivaroxaban 20 d9, edoxaban 60mg qd$
512 18] H8:8 e AL it e

* Chg 32HXIE 291X| QHFA| 2.5mg bid2 H& (LI0] 80A] 0|4, &F2H 60kg 0|5}, Cr 1.5mg/dL 0|4})
t 42|550| 248t EX} (CrCl 30-49 mL/min)= 110mg bid 28
$ Ch2 3 SHLRLE QS8 #XH= 30mg qd2 #&, CrCl 15-49 mL/min, 82| 60kgO[t, P-glycoprotein inhibitor &4 8% Q! gx}
Lancet 2016 20; 388: 806-

817
Eur Heart J 2016,37:2893-

Summary

1. H[ESY A M-S XA NOAC 2 2t CfH| H|==dtALE @2t
HE 20FC}
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Thank you for listening
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COVID-19 vaccine platforms

=
iz
rin

o
o

T

= Novavax
= SK Bioscience

Protein subunit Plasma DNA

AstraZeneca
Janssen
Gamaleya Research
Institute (Sputnik-V)
Cellid

Mok H| g, oighd
B&TAZ HAAM

Ao

T X2 AL

&
o
2

UEITF HOALS BY
A MK 0 integration 5!
oncogenesis 7tsd 2 E1

Inovio
Genexine
GeneOne

AT A THs
RIZA| ohH
s o4

Mz dg 2s &5
HE Al FAZ| 2| ZH|
Ll 9 (etc. Electroporator)

Next-generation vaccine

Moderna
Pfizer
Curevac
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B&THE poial o
mRNA X}A| 7} HAS 2 1
=2 M el Eerdd
(degradatlon by RNase)
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RNA vaccine vs. DNA vaccine

DNA == RNA

_Q

e Protein

72

/‘zg///‘{»< %

02 //:f')-%

RNA ﬁ RNA
\_

7

= RNA XN 7} HAYSZH &2

- Protein Kinase R(PKR)I} Ribonuclease L2| &’ 43IE Sll type 1 IFN S£
- MyD88& &3l A dendritic cell, monocyte, B-cell S2| HM = &/Js}

Journal of Bacteriology and Virology 2016;46:115-27

' Korea University Medicine

Characteristics of mRNA vaccines

mRNA Vaccine modifications:
Nucleotide Methylation
1 Stability
4 Protein Translation
J Degradation Codon Optimization
[ * § Immunogenecity 1 mRNA Abundance

1 Protein Translation
<

lonizable lipids g

PEG-phospholipids §/&%

| Uridine

Pfizer-BioNTech BNT162b2 modified
nucleoside

Moderna mMRNA-1273 modified
nucleoside

Tail Elongation
1 Stability

1 Protein Translation

Phospholipid - |
oephotplde: Q) . 5-UTR Protein coding sequence 3-UTR Poly-A Tail
. 4
Cholesterol o, [AAAAAA
MRNA s~ | Nocleoside modification 1
14 Stability
U = e | b Degradation

| & Immunogenecity

T e o e

LNP (lipid nanoparticle)
= High efficiency of mMRNA encapsulation
= Protection from degradation by RNase

= Improved tissue permeability and transfection

= Low cytotoxicity and immunogenicity

Dose

(Mg, 2-dose)
prefusion
spike protein
prefusion 100
spike protein

Kowalzik et al. Vaccines (Basel). 2021;9:390
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yrea University Medicine

Characteristics of Adv vaccines

! X o -
1 ’ / \ ~ - Y
< / / o &
2N —O“ ‘VM/“—( 3
( / - LY==
et i A i e S
l e J No“l'rcplimi"g R_ep]licaung Genetic IWI
- viral vector viral vector
2 p
3 ;
Bezbaruah et al. Front Mol Biosci. 2021;8:635337 j
= Sustained antigen presentation for a prolonged period: e N
i s
enhanced T-cell immunity / Antiea =5 ®
. . . . . / presenting .
= Pre-existing immunity against Adv: challenge of [ ot = Vel
[ & o replicates
. . . “ N o :\'/:
vaccine immunogenicity e EOK
\ sARs-Cov-2

= Adv-induced adverse events: proinflammatory cytokine \opike pepide

release N\

/
Y Immune system attacks
//' SARS-CoV-2

Korea Uni

Waning efficacy for symptomatic SARS-CoV-2
infection: ChAdOx1 vs. BNT

New UK data shows signs of waning immunity against Covid-19 infection
Efficacy against symptomatic infection with Delta variant (%), by number of months since second dose
0 e lasting immunity.

ersity Medicine

= ChAdOx1 may generates longer-

Four months after full vaccination,

Pfizer/BioNTech AstraZeneca may offer greater

protection against symptomatic = No Ceiling effect
75 infection than Pfizer 75
S \ - BNT deliver a finite number of mRNA
o AstraZeneca Ay ” molecules which are eventually
e cleared.
intervals for the Das"efj lines . )
o period of study Sesxtrapatians o, - Adv deliver a template which then
keeps producing these mRNAs that
0 : : : 0 then produce the spike protein
0 months* s 2 3 4
*Timeline starts at 14 days after the second dose, the point when protection has built to its highest level

University of Oxford and Office for National Statistics M

nrlel2e PR Fhyelstn



o
HA
o2

HEH3 69

ﬂ
Safety of COVID-19 Vaccines

1st dose vs. 2"d dose

Pfizer/BNT
BNT162b2, Dose 1

100
@
First dose H 20
Chills Fatigue Fever* Feverisht Headache Joint pain Malaise Muscle ache Nausea £ 42 42 33
€ 60
60 B . R . 1 . 1 . £ 7
% 5 40
£ 0l ] | | | ] | ] ] = 0 0
g 20 I I
o @
204 B E 4 4 - 4 4 Bl & 0 | |
P oo & °
U 1 ] U 0l R O R &v
e e e St e e e e e <
Second dose Fever Fatigue Chills
60 q B 4 B B B Bl B BNT162b2 Dose 2
é‘ 100
£ 404 B - 4 - g 4 g B
g 80
204 - - - - 4 . 4 -
D 60 1
o- ] | 1 | 1 | 1 i
T TTTTTTIIT TTTTTTIIT CTTTTTIIT TTTTITTIT SrTTTTIIT TTTTTTIIT TTTTTTIIT T 40
P01234567  P01234567  P01234567  P01234567  P01234567  P01234567  P01234567  P01234567  P01234567 0
Days since Days since Days since Days since Days since Days since Dayssince Days since Dayssince 20
vaccination vaccination vaccination vaccination vaccination vaccination vaccination vaccination vaccination
0
° QQ" W SRS °
ROMFISAIAN Q\"& \g ,‘9 @ q\'b& KA \&
Lancet. 2020;396:467-478 N Engl J Med. 2020;383:2439-2450 Fever Fatigue Chills

' Korea University Medicine

Thrombosis with thrombocytopenia syndrome (TTS)

UK Yellow card reporting scheme

= BT F OiEF 4L-4F Afo] Y = Hjo|2{A MEH| YiAl(Astrazeneca, Janssen B A1) A
= SEXEH 58 8, B8, TE 58, ARl EH, HY HE S HAT ZASS SUSH HS ST HFAO|
= AR "AT ZHA D-dimer &35, heparin-PF4 antibody &4 AS(tHEF 102/1002F =)
= E2 S¥Y 89| H (cerebral venous sinuses, portal vein, splenic vein) . Az X HMZE & TTSS ZA3s A 2kt HEL silM= Ot
ChAdOx1 (Az) B 4l Janssen B4l
Females Males
=S =
- X HE = X B 2 s Doses |Reportingrate’| T1S | Doses |Reporting rate’
Age group | cases | admin (per million) | cases | admin (per million)
Total 14.9 / million doses 1.9 / million doses 18-29yrsold | 3 641,510 4.7 2 714,458 2.8
30-39yrsold | 8 642,745 124 1 728,699 1.4
18 —49 years 20.5 / million doses 0.9 / million doses || 40-49yrsold | 7 743,256 9.4 1 | 775390 13
50-64 yrs old 4 1,463,416 2.7 2 1,505,505 13
250 years 10.8 / million doses 1.8 / million doses 65+ yrs old 0 814,947 0 0 | 697,925 0

US Vaccine Adverse Event Reporting System (VAERS) W

[=ini
_|}’J'

REEEEEECEREE

=
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Myocarditis / pericarditis

Mo Lt H 1= S H=E S ol =1
» 2 Hd, mRNA Y HE Z(CH7) 2% S = 7€ O|W) 2/d
A 2020. 10. 28  (£F#: )
=ANSE 3338 HSS =azal
| | — — ES
oc. 88, 25 Ues, T Sk A O A}
! ! ! ady qe R | 99 i [ o8 @ [ o [ 1% [ 2R
B 334 125 81 | 44 7 |27 “ | 17
Pfizer ] Moderna oA 28 93 58 27 3! 2 27 13
T7H 018 12 7 3 4 3 3 0 1
1002 B YUE 18- 1941 32 14 3 B 5 7 1 1
Ages Dose 1 Dose 2 Dose 1 Dose 2 jg:j:f' i’g jg : ;’ : : ; j
12-15 23 215 0.0 not calculated Holx — -4oA 25 2 % . 1 > 3 >
16-17 2.8 374 0.0 not calculated 50-594 47 16 14 2 7 0 7 2
18-24 12 18.1 31 20.7 33‘3::: : g g 3 3 3 3 3
2529 0.7 5.7 18 1.2 oA o 3 — 11Tt
30-39 0.6 2.8 14 3.6 oA 34 25 20 5 5 2 15 3
40-49 0.2 15 0.2 21 el o 0 0 0 g 0 0 0
18-1 0 0 0 0 0 0
50-64 03 04 05 05 20-20M) 9 B 3 3 1 2 2 1
65+ 0.1 0.2 0.0 0.3 ey | 30-39M 4 4 3 1 2 0 1 1
- 40-494 6 6 5 1 0 0 5 1
50-594 15 9 9 0 2 0 7 0
7| UM E L o B0-69A 0 0 0 0 0 0 0 0
70-7941 0 0 0 0 0 0 0 0
= AHZb109F HE 110740 M WY ma g0 0 o o [ o [ o [ o ] o
3.5/1002F H S &= Xt
» 7YUO|Lf HMERZ HH: 1000 HTH0.2-1.97 0@
US Vaccine Adverse Event Reporting System (VAERS), ZEH2|H. F7H 32 L1 0 Y H T o] AgHS
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Two-dose priming vs. Booster shot

Two-dose priming

Interval: >3 wk

To generate
successive waves
of B-cell and GC
responses without

. Primary
interference

immune
response

YN

Antibody concentration

First Second
vaccination vaccination

Annual
booster

Time

= |Interval: 24-6 mo

from priming-doses

= To ensure memory B

cell affinity maturation

Vaccines 7t edition. Section 1: Vaccine immunology W

Why take booster dose?

* Inadequate immunogenicity from primary immunization

- Vaccine, host factors

Level of i
protective
immunity

* Breakthrough infection
- Waning vaccine immunity

- Emergence of variant viruses

@Viral variant

Target for
reliable
protection
o/ A o/ A
/ 71
4 Time after
prime (first)
\ vaccination
Re-building Re-focusing
immunity immunity to
after waning viral variants

12
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' Korea University Medicine

Correlation between Ab titers and efficacy

Immune correlate of protection

Moderna/mRNA-1273 trial

1 UK trial |

(IcP) IDso 2100: 90.7% (86.7, 93.6%), NADb titer at 28 days after the 2" dose
e IDsy 21,000: 96.1% (94.0, 97.8%)
. P
i -. 100
ALBS + S (e . lacebo overall 0.061
| _—ﬁ e 8 0.06 - - B 2.00
L——, .
g . 1.00
. Covoin Q 0,05 . : 0.75
B x 050
g 2 004 2 030 o
7 Ad2.COV2S T 0.04 — = 0.
i 7 g % 0.20 050 3
§ @ ChAGOX! rCaN-19 ?3 0.03 g 0.10 <
& o
Veorwavac £ 0.02 025
|
“ NADb titer 21:30 (20% of convalescent sera) 8 001 %
- o .. vacghe overall 0.004
50% protection of COVID-19 R . OEE 0.01 68 247 0
0.00 —
T T T T T 25 50100 500 1,000 3,000
01 o0 o0s 1 H : H LoD 10 100 10° 10* 10° Live neutralization titer PB28 (NF,)
Hom et Pseudovirus-nAb cID50 (=s)
Nat Med. 2021;27:1205-1211 Gilbert et al. medRxiv (August 11, 2021) Nat Med. 2021. doi: 10.1038/s41591-021-01540-1 M

' Korea University Medicine

Poor immunogenicity in
immunocompromised people

Studies (N = 63) : Ab response after 2-dose mRNA vaccination

1000, e = e - —- Healthy 100000
O O Controls:
- 80.0 “ O 8 95%-100% = Nonresponders
) [5) o
] ®
7g § O 10000
£ < 600 o
i ®
£8 © O © .
£ % 40.0 (@ O § 1000
[ g
= 20.0 2
Darker blue color is O é
hematologic cancers @\ g g
0.0 m _ E =
[ Cancer ] { Hemodialysis ] Organ Transplant J
104 =
= Immunocompromised people are more likely to have severe illness from COVID-19. Low seroconversion
= CDC recommends booster shot (3" dose mRNA vaccine) for moderate-severe | rates (58%) with 2-dose
After second After third
immunocompromised patients with =28 day-interval. Ve iss ashedoss
https://www.cdc.gov/coronavirus/2019-ncov/vaccines JAMA. 2021. doi: 10.1001/jama.2021.12339 M

3rd-dose in KT patients
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Durability of NAb after mRNA vaccination

104 NAb persistence through 6-month after two-dose * Half-life of NAb
mRNA-1273 (Moderna) vaccination

- 68 days in exponential decay model

- 202 days in power-law model

- 103
g = Convalescent plasma therapy criteria
& - NAb titers > 1:160 (US FDA)

1024 131 - NADb titer > 1:80 (acceptable)

- Immune correlate of protection (ICP) ?

o 18-55yrofage - 56-70yrofage - =71 yrof age

= Beyond 6 months after vaccination ?

T T USRI T T
1 15 293643 57 119 209

+ Days

N EnglJ Med. 2021;384:2259-2261 M

Phase 3 pivotal efficacy trial (Pfizer/BNT)
" 2020.10. 15— 2021. 3. 13 (4-6 months from 2" dose)

VE: 91.3% (89.0-93.2)

p——

= 44,165 participants

= VE for COVID-19 (91.3%), severe disease (96.7%) Thomas et al. NEJM. 2021.

Phase 3 efficacy trial (Moderna/mRNA-1273) e e

mANA1273 | 932 (91.0-545)

= 2020.7.27 —2021. 3. 26 (median 6 months from 2" dose)
VE: 93.2% (91.0-94.8)

Cumulative Incidence (%)

= 30,415 participants El Sahly et al. NEJM. 2021.

= VE for COVID-19 (93.2%), severe disease (98.2%) TR e

Phase 3 efficacy trial (AZ/ChAdOx-1)
= 2020.8. 28 —2021. 3. 5 (5 months after 2" dose)

oo VE: 74.0% (65.3-80.5)

AZD1222

= 30,451 participants
Fal . NEJM. 2021.
= VE for COVID-19 (74.0%), severe disease (100%) i s x - o alsey eta M

Cumulative Incidence of Covid-19 (%)
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Korea University Medicine

Variants of Concern (VOC) : key mutations

(Ro 2.4-2.6) (R, 4-5) (R, 5-8)
Original Beta Alpha Delta Gamma Lambda Mu
May-2020, SA SEP-2020, UK 0CT-2020, India NOV-2020, BZ DEC-2020, Peru JAN-2021, Colombia

Variant | Traits Ka17 1452 E484 ms mm P681
Transmission

Transmission | Neutralization | Neutraliza Neutralization | Neutraliza Transmission issi Transmission
Transmission Transmission
Virulence (?)
G H

Alpha Transmission T 069-70 K (later) Y
Beta Transmission T N K Y G
Virulence
Gamma  Transmission T N/T K Y G
Virulence ™
Neutralization{,
Delta Transmission ™11 R K R R

Neutralization,

Kimura et al. bioRxiv (July 28, 2021), Public Health England, Krause et al. N Engl J Med. 2021;385:179-186 m

Korea University Medicine

Heterologous vs. Homologous priming

S OB HYH ASE A7

—r— O AZIAZ (n=199)

o K . Py ompoce | AZIAZ 760.1 559.6 169.0 233.0
o T ¥ . 3#? ome-on  (1=100) oy gy 1.4 45 3.3
% . * & ap AZ/Pf 34120 24485 841.3 1010.7

' ?Iwmws (N=199)  JL A py= 1.4 4.1 3.4
g @ " T PH/Pf 14312 10768 2369 | 3561
T L (n=200)  Zp4 w2 13 6.0 4.0

S318HM| 7t : (Az/Pf) 2 (Pf/Pf) >> (AZ/AZ)

AN BT X2 (2020.7. 26) w
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Korea University

Breakthrough (BT) SARS-CoV-2 infection

Adjusted OR for BT infection: time-from-vaccine analysis

12,586 2-dose mRNA (BNT)
vaccinated HCW cohort (Israel)

- 11,453 BT infection monitoring

- 1,221 serologic study
= DEC 19, 2020 — April 28, 2021
= 1:4-5 matching analysis (age, interval)

1.33-fold 1.65-fold 2.26-fold

30

= Low rate of breakthrough infection
(0.4%, 39 cases)

= Median interval from 24 dose: 39
days (11 to 102)

= Mean age 42 yrs, women (64%) January February March April

Number of cases per 10,000 patients

N Engl J Med. 2021. doi: 10.1056/NEJM0a2109072
Mizrahi et al. medRxiv (July 31, 2021) W

SYNERGY
-
Long-term VE against COVID-19 Lo
US BNT/Pfizer retrospective cohort study US Veterans aged 218 years
2020. 12 - 2021. 8 (N = 4,920,549) 2021.2.1-2021.8.13 (N = 620,000)
100 10
g 904
g 8o 08
2 <3
S 704 S
g il 64%
‘f; 60 97% — 67% £ 06
b o
5 50 93% — 53% 2° o4 50%
T 404 g ,g ——Janssen
E § Mod
k] 30 variant 8£ 02 odema
% 204 —Delta -8 ——Pfizer-BioNTech 3%
9 —— Other variant 0.0
) 104 — Failed sequencing
0 T T T T T 02
<1 1to<2 2to<3 3to<4 24 Mar Apr May Jun July Aug
Time since full vaccination (months) Month after full vaccination
Tartof et al. Lancet. 2021;398:1407-16 Cohn et al. medRxiv (October 14, 2021) W
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' Korea University Medicine

Clinical significance of breakthrough infection

2021. May 1 - July 25, LA, US

s Age-adjusted rolling 7-day hospitalization rates

o
Vaccination Fully Partially None § 30 = = Unvaccinated
(No.) (10,895) (1,431) | (30,801) e = = = Partially vaccinated ~!
E’_ 25 4 m= Fully vaccinated /
Hospitalization 3.2% 6.2% 7.6%  <0.001 2 rl
S U7
ICU admission 0.5% 1.0% 1.5% <0.001 E 154 ,,’
s d
Mechanical 0.2% 0.3% 0.5% <0.001 2 10 ,\/
ventilation § 29.4-fold
G Sqmmm_mA ST~ 1o
Mortality 0.2% 0.5% 0.6%  <0.001 2 N a—— T
T T T T T T T T T T T T
18 15 22 29 5 12 19 263 10 17 24
May Jun Jul
Week

Griffin et al. MMWR. 2021;70:1170-1176 M

' Korea University Medicine

Clinical significance of breakthrough infection

Ct values were initially similar, but improved faster among
o I | Deita | vaccinated individuals
45
. . .. S v g
107 g e .
354 3 % | e . '
ok .
> 2] . . L p s
@ I KPR T4 LARANPE :
2 25 2§ R Lt (3 L e RRLIL T M
w DR P L I Y I
& 20 ER I SEPR A coee 0
151 ERRE T L R - i ' o
104 [J Fully vaccinated T > : ]
5| O Partially vaccinated 40 * L doi-Tl e . v 2
B Unvaccinated o . :
0
May | June | July
Month 50 . . .« . = e o wam ¢ emiewe @ cwws omes s soee
. . . . 123456 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28
Delta viral load : ~ 1,000 times higher than wild type Day of illness
Delta (B.1.617.2) in Singapore
Griffin et al. MMWR. 2021;70:1170-1176 Li et al. medRxiv (July 12, 2021) Chia et al. medRxiv (July 31, 2021) M
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Breakthrough SARS-CoV-2 infection

Korea real world data

4

Increased Risk (incidence ratio) of
BT infection compared to
Moderna vaccine recipients

Incidence ratio versus
35 overall BT infection

Moderna M Pfizer/BNT Mixed WAZ M Janssen
A HE =X 5 SotEd

0.04% (8&) > 0.07% (10 25
0.10% (8%) > 0.38% (10

Moderna: 0.005%

Pfizer/BNT: 0.043% 3
Mixed: 0.071% )
AZ/ChAdOx1: 0.099%
Janssen: 0.267% 05
0
Overall
2N 2 T X2 (2021. 10. 30) M

Two-dose priming vs. Booster shot

First Second Annual
vaccination vaccination booster .

= |nterval: 23 wk Int :6-12
nterval: 6-12 mo

» To generate from priming-doses

successive waves
of B-cell and GC
responses without
interference

= To ensure memory B

Secondary S g
cell affinity maturation

immune
response:

Prima
s faster, larger

immune
response

YN

US experts recommends
booster shot (3™ dose) at
8 months from 2" dose

Antibody concentration

Time

Vaccines 7t edition. Section 1: Vaccine immunology W
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ChAdOx1 Booster dose at month 7-10 (3" shot)

Korea University Medicine

COV001 or COV002 trial
100005 : .
3 | 3,746
] : i 1,792
3 ! :
. ] i
- . 555
g 1004 ’
2 3
= n H
i ;
10 '
N 8-16 weeks |  7-10 months
First dose 28 tiays | Secodddoﬁ 28tllays Third dose | 14d|ays 28 &ays
after first after second after third after third
dose dose dose dose

FRNTS0 (reciprocal serum dilution)

1044

10°H

107+

10

279 — 545

0°
28 days after ! 28 days after !
second dose

third dose

43 — 118 78 — 206
28 days after i 28 days after ' 28 days after i 28 days after '
seconddose  thirddose seconddose  third dose

Flaxman et al. Lancet. 2021; 398: 981-990 W

mRNA booster dose at month 6-8 (3" shot)

Medicine

Korea University

Pfizer/BNT 30ug
1.0 030 027 048 069 073 GMRgyuwr
S
104 — 219
P 1754 o 1546
- L] A L ] A
(=2} o 1202 A
c 497 . A
= - £ i %
= - 387 -
© 103— - - e
5 150
3 . %1m P
: AA
E o )
= 102=— %
S
0 L J A
w AA | AL}
°°\° A ___. L L __________PRNTWT
[T 10 10 PRNT,,
107 T 1 1 1 | I I I I I I
Day 1 Day 7 Month 1 Month 8 Day 7 Month 1
Pre-Vax  Post Dose 2 Post Dose 2 Post Dose 2 Post Dose 3 Post Dose 3

Moderna 50ug
423
436
320
232
GM; 1210 85 188 198 27 30 30 4588 864 1308 1268
5"
‘g’, 80 00 ofg o
- 0|
g7
o ki
3 24
= ol |°©
o
g - . fo ] -
=z 14
T T T T
(g e
4(\ PO 0,,6‘& °°\
Month 1 Month 6-8 Day 14
Post Dose 2 Post Dose 2 Post Dose 3

WHO. Considerations in boosting COVID vaccine immune responses @

i
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' Korea University Medicine

Safety of booster vaccination

Clinical trials

18-55-year-old ChAdOx1 recipients (N = 90): COV001 or COV002 trial

Locladverse eacions Safety profile of BNT mRNA
100 Induration Itch Pain Redness Swelling Tendemess Warmth
sl s Pfizer/BNT Phase 3 clinical trial
H Sy .
§ 0] mpoey = 306 subjects 18-55 years old
&
25
ENE LR = Similar or better than after
e ‘g'b&"»f*"g'y"y"'b&'w"y"g'y’w"w'@'«"'y o . _
é" R A R A =f" 2nd dose of the primary series
Systemic adverse reactions o e o . . .
= injection site pain, fatigue,
100 Fever (238°C)

N

Proportion (%)
8

headache, muscle/joint pain
5
Pfizer and BioNTech press release (August 31, 2021)
5
l |
s | IIH | ", i o

“4\&» Rb&wbb& s‘"oc;,\@ bd} b"} b“F r;"fbgf" 53‘} @“F b"tf**

&

Flaxman et al. Lancet. 2021; 398: 981-990 M

Korea University Medicine

Smartphone-based active safety monitoring

Safety of booster vaccination vaste

et checter

US V-safe

= No. of responders (21,935), Median age (64 years)
= Injection site pain (60-70%), fatigue (50-60%), myalgia (30-50%), headache (30-50%), fever (20-30%)
= 2nd dose 2 3 dose >> 1st dose, unexpected AE (-)

100 100
90 90
B
80 80
70 70 } i
& 60 o 60
\
§ 1) ‘
4 * *
& & |
2 2 ‘ ‘
20 20 *
. | -
B \ [ | B | [ | I
oo | ‘ s 15 19
0 - e 0 - el
Any injection site reaction  Any systemic reaction Any health impact Unable to Devlov m daily Unable to work Needed medical care Any injection site reaction  Any systemic reaction Any health impact Unable to perform daily Unable to work Needed medical care
activities activities
MDosel WDose2 MDose3 WDosel WDose2 MDose3

https://www.cdc.gov/vaccines/acip/meetings/index.html w
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Korea University Medicine

Safety of booster vaccination

Real world data in Israel

Smart phone application survey 100
S0
: L B First Dose
= 1,344 BNT/Pfizer booster recipients (=18 y) v 80
c [ Second Dose
o 70
= 2nd dose = 3rd dose >> 1st dose S [ Third Dose
* No serious AE 5%
‘S so
= Post-3rd-dose reaction ® a0
- young adults aged <65 years § -
- no underlying medical conditions o
a 20
- female
10
= Systemic symptoms resolved within 3 days o
in >90% No Systemic Fatigue Muscle Headache Fever Chills Vomiting
Reaction Pain or Nausea
Mofaz et al. medRxiv (September 21, 2021) M
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URT virus

T cells

Magnitude

I severe disease [ wild disease

Infection

Y —

Cumulstive Incidence (%)

4000 [ [
[8) Many functional
= . Tcell
. 3000 cells
[
O
]
= 2000+
w
7]
30 days > Few functional
= 1000 T cells
o =
0 51015202530 50 150 250 350
Days from symptom onset
2F
aH Polack et al. NEJM. 2020; 383: 2603-2615

nmicn

Bertoletti et al. Cell Mol Immunol. 2021;1-6

7 14 21 2 35 42 49 6 € 0 77 s 9 9 105 12 19

Days afer Dose 1

Xu et al. Int Immunol. 2021. doi: 10.1093/intimm/dxab061 W

—

Durable & Broad T-cell protective immunity

Protective immunit,
v 2
o8 -

Neutralizing antibody (nAb):
blocking viral entry

-jl_¢ * _)

CD4* and CD8* T cells:
producing cytokines and
killing infected cells

Clinical effects

Protection from
infection and —>)

protection from
severe disease

Protection from __,
severe disease

Longevity

Relatively short

[—

Long-lasting

Escape by variants

y Y

Easily escaped by mutations
in nAb-binding sites

&

Conserved epitopes Durable and broad

—> protective immunity
alleviating
disease severity

& x>
N

Hardly escaped because
HLA-restricted epitopes vary
in each individual and are
scattered across a protein

Noh JY, shin EC et al. Nat Rev Immunol. 2021. doi: 10.1038/s41577-021-00625-9 W
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' Korea University Medicine

Any infection vs. Severe diseases

@)

Overall comparison Platform-based comparison Time-dependent comparison
100 13); 15), 1004 Vector 7 Later ~ Early
Jdrd a4 On =)
90 (26 reports) } 90 MRNA B
] ' (32)
E T Protein
80+ E 80+ Inactivated subunit -

(1)

Early: Jan - June
Late: Late Jun - July

Vaccine efficacyagainst severe disease (%)
~Jl
=}
1

i
60 70 8 90 100 0% 60 70 8 g 100 050 60 70 8 90 100

Vaccine efficacy against any infection (%) Vaccine efficacy against any infection (%) Vaccine efficacy against any infection (%)

(=]
TR 0 s im0 0
o

Krause et al. Lancet. 2021;S0140-6736(21)02046-8 W

ﬂ
Effectiveness against variants

Vari England (NEJM) m Canada (medRxiv)
ariant
ChAdOx1 | mRNA(BNT) | mRNA(BNT) | ChAdOxi | mRNA (BNT)

Ldose 48.7% 47.5% 64% 66% 83%
(45.2-51.9)  (41.6-52.8) (60-68) (64-68) (80-86)
74.5% 93.7% \ 89% 92%
AlpIal 2 cosels TP (91.6-95.3) AR No case (86-91) (86-96)
(ift‘/’:rﬁ) - - 95% 85%/100% 80%/95% 79%/94%
Ldose 30.0% 35.6% 67% 56% 72%
(24.3-35.3)  (22.7-46.4) (44-80) (45-64) (57-82)
67.0% 88.0% . 87%
Delta 2-dose (61.3-71.8) (85.3-90.1) 75% No case (64-95) No case
(Sli‘l’grﬁ) - 93% 88% /100%  78%/100% 95%/100°1 ,
Z,
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About 50% of Israel's popuuuon has so far been muy vaccinated ngnlnst COVID-19, yet herd immunity remains elusive.

4. Immunity might not last forever

WHY HERD IMMUNITY FOR COVID
ISPROBABLY IMPOSSIBLE

Even with vaccination efforts in full force, the theoretical threshold for
vanquishing COVID-19 looks to be out of reach. By Christie Aschwanden

Five reasons why COVID-19
herd immunity is impossible

1. It’s unclear whether vaccines prevent transmission
2. Vaccine roll-out is uneven

3. New variants change the herd-immunity equation

5. Vaccines might change human behavior

NATURE NEWS FEATURE. 18 March 2021

02
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HEIHA (herd immunity)

Wild type virus Ro 2.5~3.5: H Tt HY 60~70%

Delta variant virus Ro 5.0: ¢t M 80%

MR () UErEe(+)
L
e, \*/ a1

60 — 80%
H=(Ry- 1)/Ry

Herd immunity threshold (H) %
o
S
1

0 LR P F 7 R R I GO P DR 2, JRLAR A 5, LI P i

25 5.
No herd immunity Herd immunity achieved #2355.0 : " s o L

Basic reproduction number
Susceptible @ Infected @ Immune (Ra)

Source: GAO adaptation of NIH graphic. | GAO-20-646SP

Disease transmission

Fine et al. Clinical Infectious Diseases 2011;52(7):911-916 M

HEHHY (herd immunity)

= Eradication is exceptional!

= In most cases, herd immunity strategies aim at disease reduction to some “tolerable” level.

_ Eradication strategy Control strategy

Viral mutation Infrequent Frequent

Vaccine immunity Usually life-long Short time (< 1yr)
Vaccine platform Live attenuated vaccine Protein subunit, mRNA, Adv
Diseases Yellow fever, measles, rubella Influenza, COVID-19

Fine et al. Clinical Infectious Diseases 2011;52(7):911-916 M
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Summary

COVID-19 Ao tXMut &5

= 40AM| O/2tOl A mRNA EHAl 2XF HE F 7 O|LJ 0| myocarditis/pericarditis 24l Q& 7}

= 40A| O|ZHOf A Adv A1 1%t HE £ 4 - 43 ALO[0f TTS (FAEZA S HHMB) 2/ 37t

= Adv HHAlL mRNA A D= Qoo o2 0tE HJ oLt FEH HO| HHO[2{A it HE =
AZEE1H0 HE immune waning2 2 ST O Lot 2[&0] St

Booster &

* 2-dose §F T SALHM AUt7H671E Ol =2 RAIEXT Ol 670 2t X o= Zast

= 2-dose ¥F 2 671 E Ol wolot o|¥ 2 ltot RA/ES| SSL G tiet o2t = /Xl

» 2K A E = 6-87|| 2 ALO|O|| booster B E @

» HAXSIAS| B2 671 F O|LHOf =7| booster §E E R

KOREA UNIVERSITY
College of Medicine

Trel2 e RRY Jhyelstn
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HX[$ (Jiehyun Jeon, M.D., Ph.D.)

Associate Professor

Department of Dermatology, Korea University College of Medicine, Guro
Hospital

Education

1996-2002 Korea University College of Medicine (MD)

2003-2006 Korea University Graduate School, School of Medical Science
(BS)

2007-2013 Korea University Graduate School, School of Medical Science
(PhD)

Training and Fellowship Appointments:

2002-2003 Internship, Korea University Medical Center

2003-2007 Dermatology Residency, Korea University Guro Hospital

2007 International Fellow, Dept. of Dermatology, Harvard Medical School
2019-2020 Visiting Scholar, Dept. of Dermatology, Washington University
in St. Louis
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Drug Reaction

Jiehyun Jeon
Department of Dermatology
Guro Hospital

Korea University College of Medicine
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* Pts in agony

» Complicated

* Difficult to understand
 Time-consuming
 Hard to treat

Selected Case Description

I
|
|
|

* Initial Photograph : Taken on 2017.05.08 (Hospital Day 1)
* Erythematous eroded patches with large bullae seen on torso & lower extremities

nrlel2e AR FHEolstnt
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e A77-year-old Male
* Clinical Findings

— Chief Complaint : Painful erythematous eroded patches with large bullae on whole body,
accompanied by fever
Sore Throat, Myalgia Last Medication Taken Symptom Onset
_ . . 14 H
Duration : 1 Day P "y | ours | -

2017.05.06 8PM : Medication Taken S I 17 I I re
2017.05.07 10AM : Symptom Onset

— Review of Systems : Malaise(+), Sore Throat(+), Myalgia(+), Pain on Skin Lesions(+), Pruritus(-)

— Physical Exam : Fever(+, 39.7°C), Nikolsky Sign(+), Mucosal Involvement (+, Oral Mucosa-Hard
Palate, Genital Area), Palm and Sole Involvement (-)

— Underlying Diseases : Unstable Angina, Dyslipidemia, s/p Percutaneous Coronary Intervention

— Medication :
Common Cold Medication: Codaewon Tablet(Methylephedrine, Chlorpheniramine), Suspen ER Tablet(Acetaminophen) ,
Acytin Capsule(Acetylcysteine)
Unstable Angina and Dyslipidemia Medication : Astrix Capsule(Acetylsalicylic Acid), Plavix Tablet(Clopidogrel), Crestor
Tablet(Rosuvastatin), Vastinan MR Tablet(Trimetazidine), Concor Tablet(Bisoprolol)

 Prior Episode of Similar Symptoms

— 2017.02

» Dusky colored solitary patch on right calf, accompanied by fever
(Onset : 12 Hours ago)

* Post Administration of Geworin Tablet (Isopropylantipyrine,
Acetaminophen, Caffeine Anhydrous)

* Recovery after 5 Days of Treatment with Systemic Corticosteroids
(Prednisolone)

* No Residual Hyperpigmentation Observed

ozl f2

0F
1
N
2
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o
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Initial Laboratory Findings (2017.05.07) Normal Range

Hemoblobin 12.8 g/dL | 13.5-17.5 g/dL
White Blood Cell Count 4,900/uL 4,500-11,000/uL
Platelet Count 116,000/uL | 150,000-440,000/uL
Urine Analysis Clear, Blood Negative Negative
Erythrocyte Sedimentation Rate 24 mm/hr 1 0-10 mm/hr
C-Reactive Protein Level 129.13 mg/L 1 0-5 mg/L
Procalcitonin level 7.47 ng/mL 1t 0-0.046 ng/mL
Influenza Antigen Test Positive (Type B) Negative
Blood Urea Nitrogen Level 21.7 mg/dL 8-23 mg/dL
Serum Bicarbonate Level 21.3 mmol/L 21.0-27.0 mmol/L
Serum Glucose Level 121 mg/dL t 82-115 mg/dL

» Diagnosis

@ Similar Reaction in the Past (+)

@ Fewer than 2 Mucous Membranes Involved (-)
e Oral Mucosa : Hard Palate
» Genital Mucosa : Penile Mucosa

® Large and Well-demarcated Blisters and Erosions (+)
@ Lesions and Erosions on at least 2 Different Sites of the Body (+)

— Generalized Bullous Fixed Druq Eruption

nrlel2e PR Fhyelstn
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Treatment
— Antivirals
* Influenza B Positive
* Peramiflu(Peramivir) 300mg IV x 1 Day
— Fluid Replacement
— Systemic Corticosteroids

* Methylon Tablet(Methylprednisolone) 32 mg x 6 Days (0.5 mg/kg, Body
Weight 68 kg)

— 32mg x 6 Days — 28mg x 3 Days — 24mg x 2 Days — 8mg x 2 Days
— Prophylactic Antibiotics
+ Cefazoline(Cefazolin) 1g IV3 x 5 Days
— Daily Wound Dressing

* Normal Saline Wet Dressing — Bearoban Oint(Mupirocin) for Eroded Skin,
Tarivid Oint(Ofloxacin) for Eroded Mucosa, Difuco Oint(Diflucortolone) for
Intact Skin — Vaseline Gauze Dressing

— Dexamethasone Gargle
— Foley Catheter Insertion

* Follow-up Photograph : Taken on 2017.05.30 (Post Patient Discharge)
* Erythematous patches with partial hyperpigementation seen on torso

acjo|2el BEYS ol
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Generalized Bullous Fixed Drug Eruption
(GBFDE)

* An extremely uncommon variant of FDE, which has
been defined as the presence of typical FDE lesions
(patch or plaque) with blisters involving at least 10% of
body surface area or at least 3 of 6 different anatomic
sites.

» Confusion between Generalized Bullous Fixed Drug
Eruption (GBFDE) and Toxic Epidermal Necrolysis
(TEN) has historically been a problem.

Generalized Bullous Fixed Drug Eruption
(GBFDE)

« 2013 Lipowicz, S. et al.

— In contrast to TEN, GBFDE is considered to consist of,
An absence or paucity of constitutional symptoms,
Well-demarcated blisters and erythematous patches
Absence of small spots or target lesions

Absence or paucity of mucosal erosions

Absence or paucity of visceral complications

History of a similar eruption

Onset within hours of exposure to the associated drug

QEOO®OOOE
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Generalized Bullous Fixed Drug Eruption

(GBFDE)

Interval between drug
ingestion and onset of
symptoms

Generally within few hours

Site-specificity on reuse
of offending drug

Occurs at exactly the same
sites
Constitutional Symptoms Mild

Usually normal, may be

Epidermis scattered necrosis
sometimes
Infiltrate Mixed (Neutrophils,

Eosinophils, Lymphocytes)

TEN
Generally few days

No such site-specificity is
present

Severe

Gross necrosis (Usually
full-thickness epidermal
Nnecrosis)

Mainly lymphohistiocytic
infiltration seen

Indrashis P., Somodyuti C., Anupam D. et al. Doxycycline Induced Generalized Bullous Fixed Drug Eruption. Indian J

Dermatol. 2016 Jan-Feb; 61(1): 128.

The Role of Viral Antigen in the Development of Drug

Eruptions

e 2015 Shiohara T. et al.

— Available evidence strongly suggests that viral infections create
a favorable milieu for the initiation and progression of adverse

drug reactions

— According to the viral hypothesis, viral infections could
predispose genetically susceptible individuals to the

subsequent development of drug allergy
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The Role of Viral Antigen in the Development of Drug
Eruptions

e 2015 Shiohara T. et al.

— With our previous report describing the development of typical FDE lesions at
exactly the same site as the patient’s previous HSV lesion, suggested to us the
possibility that cells with “protective” function may be recruited from the
circulation, either nonspecifically or specifically, upon primary insults, such as
trauma and viral infections, and they could persist at relatively high frequencies in
the lesional skin and be responsible for the subsequent induction of FDE lesions

FDE lesions

Herpetic lesions

* HSV lesions evolve into FDE lesions.
After infection with HSV, a small
fraction of CD8*TRM cells specific for
HSV persist as a stable population with
antigen-presenting cells at the skin site
of HSV infection to confer protection
against the same virus. These T cells,
once activated with cross-reactive drug
antigen, can expand and become
effector cells responsible for the
induction of FDE

AHSVAg < Receptor for HSV Expansion of cross-reactive
CD8* Tau cells by drug Ag

NDC 50580-495-01

TYVLENOL

Acetaminophen Fairetsee,

Regular Strength

100 rablets
325 mg each
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Selected Case Description

* A 67-year-old female patient

 Clinical findings
- Chief complaint
: 3 episodes of itchy erythematous eruptions on whole body

Accompanied symptom
: Cold sweat, breathing difficulties, diarrhea, and vomiting

In the second episode,
dyspnea was so severe that she even visited the emergency room.

- Underlying diseases(-)

Medication history

1st episode  OFAIZHIT(Aceclofenac 100mg)

(2017.6) $/==H|"[Ranitidine 84mg)] Tripotassium dicitrato bismuthate 100mg,
Sucralfate 300mg)
HEA0|EZ2|EH (Itopride HCI 50mg)

2nd episode 7| = 2K H(Streptokinase-Streptodornase 10mg)

(2018.8) C| 27 (Dexibuprofen 400mg)
T E7(DL-Methylephedrine HCl 17.5mg, Guaifenesin 50mg,
Dihydrocodein tartrate 5mg, Chlorpheniramine Maleate 1.5mg)
[T 2 (Ranitidine 336mg)|

3 episode | Q2| AM D7 (Acetaminophen 162.5mg, Tramadol 18.75mg)
(2018.10) 7H| EZ[Ranitidine 84mg] Tripotassium dicitrato bismuthate 100mg,
Sucralfate 300mg)
M2 2Z1& (Celecoxib 200mg)

acjo|2el BEYS ol
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Evaluation

 Skin prick test was performed using ranitidine diluted with
10mg/mL, 20mg/mL and 25mg/mL
(Curan; II-Dong Pharmaceuticals, Seoul, Korea)

* Negative control : Normal saline

* Positive control : 0.1% histamine
(Allergy therapeutics, Worthing, UK)

+ The patient discontinued medications that might influence the
test.

* Wheal size greater than 3mm were considered positive reactions.

Skin prick test

Initial

10 minutes

15 minutes

nrlel2e AR FHEolstnt
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Skin prick test

25mg/ml Positive Negative
control control

Initial - - - - -
10 minutes 4 x 3 mm 5x 5 mm 6 x5 mm 5x5 mm -
15 minutes 4 x 4 mm 6 X5 mm 7 x 7 mm 6 X5 mm -

(wheal size)

+) Erythema, Itching sensation, swelling.....

Diagnosis
 Ranitidine induced hypersensitivity reaction

— The patient was instructed
to avoid ranitidine and other drugs showing cross-reaction.
No recurrence was seen within a follow up period of 6 months.

Lo R R 2
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PHARMACY

KeeP OUT OF REACH OF |

ACID INDIGESTION.

2 E HEARTBURN

Cross-reactivity

Cross-reactivity(+) Diagnostic method
drug

Bossi et Ranitidine, Maculo Ranitidine and nizatidine(+) Oral challenge
at.(1992) famotidine -papular Famotidine(-)
eruption
Morisset et Ranitidine, Maculo Ranitidine(+), Oral challenge
al.(2000) nizatidine -papular Famotidine(-)
eruption
Demirkan 1) Ranitidine, Anaphylaxis Ranitidine(+), Famotidine(+) Intradermal test
et al.(2006) Famotidine PPI(-)
2) Ranitidine Anaphylaxis Ranitidine(+), Oral challenge
Famotidine(-), PPI(-)
Kim et Famotidine Anaphylaxis Ranitidine(+), Famotidine(+) and Intradermal test
al.(2010) Nizatidine(+)
Cimetidine(-)
PPI(-) Oral challenge
Song et 1) Ranitidine Anaphylaxis Ranitidine(+), Famotidine(+) Oral challenge
al.(2011) 2) Cimetidine  Anaphylaxis Cimetidine(+), Ranitidine(+), Intradermal test

Famotidine(+)

nrlel2e PR Fhyelstn
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g-

CHs i
N-CHZ
CHa NIZATIDINE
H
F N

Pantoprazole

Cross-reactivity

H  CHs NHz
N _CHz—S CHz—CH2—C’
I NHz2 N I
CHz— CHz—NH-C - VR
Il p o ~ \
CH C-N S02- NHz
NOz NHz FAMOTIDINE
H QHa
H  CHs N
"N ,CH2 —8-CHz — CH2—NH-C
I
_CHzS—CHz— CHz—NH ¢ N,
CH CN
[
NO2

Lansoprazole

Cimetidine
Lafutidine
Famotidine
&
2
s PPls
5
E Pantoprazole
L]
=

Lansoprazole

Esomeprazole

Rabeprazole

llaprazole

Cross-reactivity

u Confirmed by OPT

10% 20% 30% 40% 50% 60% 70%

% of safely used anaphylaxis patients

Ranitidine-induced anaphylaxis : clinical features, cross-reactivity, and skin testing
2016 John Wiley & Sons Ltd, Clinical & Experimental Allergy, 46 : 631 —639
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» Skin prick test was the optimal diagnostic tool at a
ranitidine concentration of 20mg/mL

« PPl and Cimetidine can be used safely in patients with
ranitidine-induced hypersensitivity

* Clinicians should be aware of possible lifethreatening
adverse reactions to commonly used H2RA, such as
ranitidine.

Cpgrsr SOk m 0| AHHS
(Cutaneous Reactions to Drugs)

- %EEE% )
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Introduction

» Common’

* Medical inpatients: 2~3% (US) 0.5% (France)
* 0~8% of patients treated with drugs (systematic review)

» ‘Variable’

 Localized vs Generalized
* Mild to Life-threatening

Epidemiology & Etiology

« Offending drug
* Detailed Medication History including OTC, herbal medication
* Medication started within preceding 3 months (esp. 6 weeks)
* Antibiotics (m/c): Aminopenicillin (1.2~8%), TMP-SMX (2.8~3.7%)...

* Risk factor
* Age: Older age with delayed onset, higher mortality
* Sex: Female (x1.3~1.5)
* Immune status: HIV, EBV, HHV-6, HHV-7
* Genetic: certain HLA type

Trel2 e RRY Jhyelstn
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HLA associations reported with serious ADRs
by many different drugs

B*13:01
A*31:01 A*33:03 A*68:01 A*02:06 Dapsone
Carbamazepine Ticlopidine Lamotrigine Cold medicines Trichlorethylene

B*57:01
B*35:05 B*44:03 B*56:02 Abacavir B*58:01
Nevirapine Cold Medicines Phenytoin Flucloxacillin Allopurinol

Nevirapine

DQB1*02:01 DQB1*06:02
DQA1*02:01 Ximelagatran DQB1*05:02 Co-amoxiclav DQB1%06:04
Lapatinib Clometacin Clozapine Lumiracoxib Ticlopidine

caused

B*15:02
Carbamazepine
Phenytoin

Nevirapine

DQA1*01:02
Lumiracoxib

DQB1*06:09
Aspirin

J Allergy Clin Immunol 2015;136:236-44

Pathogenesis

* Type 1 hypersensitivity
reaction

« Certain type of
Urticaria/Angioedema
(penicillin beta-lactam)

* Type 4 hypersensitivity

reaction

» DRESS, AGEP, SJS/TEN

nrlel2e PR Fhyelstn
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TABLE 41-1
Clinical Features of Selected Cutaneous Reactions to Drugs
Internal

Clinical Drug Organ
Presentation Eruption Fever Involvement Arthralgia Lymphadenopathy Implicated Drugs
Hypersensitivity ~ Exanthem, Present = Present Absent Present Aromatic
syndrome exfoliative anticonvulsants
reaction dermatitis, (e.g, phenytoin,

pustular phenobarbital,

eruptions, SIS/ carbamazepine),

TEN sulfonamide antibiotics,
dapsone, minocycline,
allopurinol, lamotrigine

Serum sickness-  Urticaria, Present  Absent Present Present Cefaclor, cefprozil,

like reaction exanthem bupropion, minocycline,
infliximab, rituximab

Drug-induced Usually absent Present/ FPresent/absent  Present Absent Procainamide,

lupus absent hydralazine, isoniazid,
minocycline, acebutolol

Drug-induced Papulosquamous  Absent Absent Absent Absent Thiazide diuretics,

subacute or annular calcium channel

cutaneous lupus  cutaneous blockers, ACE inhibitors

erythematosus lesion (often

photosensitive)

Acute Nonfollicular Present  Absent Absent Absent { Blockers, macrolide
generalized pustules on antibiotics, calcium
exanthematous an edematous channel blockers
pustulosis erythematous

base

ACE = angiotensin-converting enzyme; 5JS = Stevens-Johnson syndrome; TEN = toxic epidermal necrolysis.
Clinical Findi
. . . .
* Injection site reaction
. .
* Fixed drug eruption
. . . .
« Anticoagulant-induced skin necrosis
. . .
« Urticaria/Angioedema
* Exanthem
* DRESS/DIHS
« SJS/TEN
« AGEP
* Others...
Il BB
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Others

* Drug-induced vasculitis

* Drug-induced lichenoid eruption

* Drug-induced cutaneous pseudolymphoma
* Drug-induced lupus

* Pseudoporphria

* Photosensitive drug reaction

* Drug-induced bullous pemphigus/ pemphigus/ linear IgA dis
ease

Fixed drug eruption

* NSAID, Sulfonamide, Tetracycline...

« Solitary erythematous to dusky red patch af
ter exposure to medication

 Between 30 minutes to 16 hours (average 2
hours), Same site with each exposure

* Oral and genital mucosa (m/c)

nrlel2e PR Fhyelstn



Fixed drug eruption

« M/7
* Brownish patch on abdomen

* Repeated appearance after local
URI medication for 9 months

* Local OS SONO suspecting bruise

Urticaria/Angioedema

* IgE-mediated: Penicillin, Beta-lactam

* Non IgE-mediated: Aspirin, NSAID, Radiocontr
ast material, ACE inhibitor, Opioid

* Itchy erythematous wheal and swelling, may be
part of serious anaphylaxis reaction

REEEREETRREEE
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Exanthem (Morbilliform,
Maculopapular)

* Most common form

* Antibiotic (Aminopenicilin, Sulfonamide), Antiepile
ptic

* Itchy erythematous macules and patches scattered o
n trunk without blistering or pustules

« Start usually within 1 week, Resolve within 2 weeks

* Drug-viral interaction: Aminopenicillin+EBV (risk inc
rease to 60~100%), Sulfonamide+HIV (risk 50%)

Drug eruption, morbiliform

* F/62, MDS

* Itchy erythematous morbilifor
m patch with purpuric change
s on whole body

- HO

» Amphotericin IV injection, for
candida pneumonia

* 2 days

nrlel2e PR Fhyelstn
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DRESS/DIHS

* Drug reaction with eosinophilia and systemic symptoms (DRE
SS) Drug induced hypersensitivity syndrome
« Rash developing late (> 3 weeks) after medication started
* Long lasting symptoms (> 2 weeks) after discontinuation
* Fever
 Multiorgan involvement (Cr. LFT)
* Eosinophilia
» Lymphocyte activation (lymphadenopathy, lymphocytosis, atypical ly
mphocytes)
* Frequent reactivation of HHV-6, HHV-7, EBV, CMV

DRESS/DIHS

« Aromatic Anticonvulsant (Phenytoin, Phenobarbital, Carbamaz
epine, Lamotrigine...)
* 0.1%~0.01%, Cross-reactivity cf) Valproate
* Morbiliform, Purpura

» Allopurinol
* Esp. in renal failure patient
* Morbiliform, Purpura, Erythroderma

« Other: Sulfonamide Minocycline...
* Mortality: 5~10% (esp. allopurinol induced 25%)

Dol R e TR F1s
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DRESS

* M/61

* ltchy erythematous patch with
swelling on face

*CS

* Allopurinol PO, for uric acid
* 10 days

e Fever Eo 15.5% LFT elevation

Bullous eruption: Stevens-Johnson
syn/Toxic Epidermal Necrolysis

* More than 100 medications reported

* Disease spectrum of Epidermal Necrolysis: SJS<10%,
10~30% SJS/TEN, TEN>30%

* Rare and life-threatening reaction characterized by :
extensive necrosis and detachment of the epidermis [

* 1.2~6.0 per million/yr for SJS, 0.4~1.2 per million/yr
for TEN

* Atypical target lesions, Nikolsky's sign (+) bulla
* Mortality: 22~25% esp. >30% for TEN

nrlel2e PR Fhyelstn



TABLE 40-2

Medications and the Risk of Epidermal Necrolysis

High Risk Lower Risk Doubtful Risk
Allopurinol Acetic acid NSAIDs (e.g., Paracetamol (acetaminophen)
Sulfamethoxazole diclofenac) Pyrazolone analgesics
Sulfadiazine Aminopenicillins Corticosteroids

Sulfapyridine Cephalosporins Other NSAIDs (except aspirin)
Sulfadoxine Quinolones Sertraline

Sulfasalazine Cyclins

Carbamazepine Macrolides

Lamotrigine

Phenobarbital

Phenytoin

Phenylbutazone

Nevirapine

Oxicam NSAIDs

Thiacetazone

NSAIDs = nonsteroidal anti-inflammatory drugs.

No Evidence of Risk

Aspirin

Sulfonylurea

Thiazide diuretics

Furosemide

Aldactone

Calcium channel blockers

P Blockers

Angiotensin-converting enzyme inhibitors
Angiotensin Il receptor antagonists
Statins

Hormones

Vitamins

SJS

* F/55

* Painful erythematous patches
with bullous change on oral, o
cular, body

* NU
 Lamotrigine chewable
« 2~3 weeks

nofel2el REH 7t
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Pustular eruptions: AGEP

* Acute generalized exanthematous pustulo
Sis
» Antibiotic (Beta-lactam, Macrolide), CCB

* Acute afebrile pustular eruption after 1-3
weeks after medication

* Possible leukocytosis with neutrophilia
* 1~5 per million/yr

AGEP + DRESS

* M/59

* Eruptive pustules with erythe
matous patch on whole body

* Local Hospital
» Anti Tuberculosis (HERZ)
* 10 days

* Fever, Eo 6.1%, LFT/Cr elevatio
n, MOF

* Death

nrlel2e AR FHEolstnt



Chemotherapeutic Agent

* In addition to common cutaneous adverse events such as
stomatitis, alopecia

» Hand-Foot Syndrome/ Hand-Foot Skin Reaction
* 5-FU, Doxorubicin, Cytosine arabinoside, Sorafenib, Sunitinib...
« dysesthesia, tingling — painful erythema and edema — desqua
mation and blister
 Cutaneous adverse reaction to EGFR inhibitor
» Cetuximab, Erlotinib... - '
* Papulopustular eruptions, Paronychia

Biologics

* TNF alpha inhibitor

« Adalimumab, Etanercept, Infliximab used in v
arious disorder (rheumatoid arthritis, psoriasi
s, Crohn's disease)

« Paradoxical psoriasiform dermatitis: palmo
plantar psoriasis, plaque type psoriasis

* Lupus
 Vasculitis

R EEEEECERE B
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Others

* (Extremely) Various......

@HEY!

Tumor Necrosis Factor-Alpha Inhibitor-Associated
Psoriatic Alopecia in a Patient with Ulcerative Colitis:
A Case Report and Review of the Literature

Kyung Muk Jeong, Ji Yun Seo, Anna Kim, Yoo Sang Baek, Hae Jun Song, Jiehyun Jeon

Fig. 1. (A) Scaly erythematous pso-
riasiform patches on the face and
scalp with decreased hair density.
(B) Dermoscopic findings from the
scalp lesions showed background
erythema and scale with red dots
and twisted red loops (arrowheads)
(non-polarized x7.5).

Fig. 3. The scalp biopsy showed miniaturized hair follicles, atrophy of sebaceous glands, and perifollicular lymphocytic and plasmacyte
infiltrations (arrowheads) on the horizontal section (A: H&E, x40; B: H&E, x200; C: H&E, x400).
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Work up for the clopidogrel hypersensitivity that led to recognising the undi-
agnosed myelodysplastic syndrome

Yoo Sang Baek, Jung Woo Lee, Jichyun J. con’

Department of Dermatology. College of Medicine, Korea University, Seoul. South Korea

Figure 1. Confluent purpuric patches with vesiculation and wheal-like erythematous patches on the trunk and extremities. (A):
anterior trunk; (B): posterior limb.

Cutaneous adverse drug reactions in
the elderly

* Population ageing is a worldwide phenomenon

« Multiple comorbidities, polypharmacy, age-related changes in
pharmacokinetics and pharmacodynamics, as well as skin changes in

the elderly
* Chronic dermatoses, for example, eczema, have been reported
» Worse prognosis in terms of mortality

« Higher probability of elderly people developing drug eruptions

acjo|2el BEYS ol
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Chronic Eczematous Eruptions of the Elderly Are
Associated with Chronic Exposure to Calcium
Channel Blockers: Results from a Case-Control Study

Pascal Jo]y1/ Cloe Benoit-Corven', Sophie Baricault', Audrey Lambert', Marie F. Hellot?, Véronique Josset®,
Annick Barbaud®, Philippe Courville®, Emmanuel Delaporte®, Evelyne Collet’, Priscille Carvalho',

Anne B Modeste-Duval’, Jean P. Lacour®, Marie H. L'Anthoén-Arditi®, Christian Thuillez'® and

Jacques Benichou?

Table 1. Main characteristics of case and control patients

Case patients Control patients
Total Inpatients Outpatients Total Inpatients Outpatients
(n=102) (n=49) (n=53) (n=204) (n=98) (n=106) P-value*
Mean age +SD (years) 76.6+7.6 782476 75.0+7.3 76.5+3.7 779473 744475 0.99**
Male/female sex ratio 1.83 1.23 2.79 1.83 1.23 2.79 1.00%**
Mean number of drugs with chronic intake 4.7+3.3 56+3.6 41427 45+3.2 49+3.0 41433 0.56%*

(=3 months in reference year) +5D

*Comparisons between all case patients and all control patients (irrespective of in/outpatient status).
**From Student’s t-test.
**From Pearson’s y test.

Table 2. Univariate analysis of the association between chronic intake of drug classes and chronic or recurrent
eczematous eruptions

Case patients Control patients
Odds ratio (95%
Total (n=102) Total (n=204) confidence
Drug class no (%) In-patients Outpatients no (%) In-patients Oulpatients interval)* P-value*
Hypokalemic diuretics 29 (28) 15 (31) 14 (26) 67 (33) 39 (40) 28 (26) 0.80 (0.45-1.38) 0.39
Angiotensin-converting enzyme 29 (28) 15 (31) 14 (26) 58 (28) 33 (34) 25 (24) 1.00 (0.61-1.65) 1.00
inhibitors
Calcium channel blockers 26 (26) 14 (29) 12 (23) 25 (12) 14 (14) 11 (10) 2.29 (1.27-4.15)  0.006
Hypolipidemic drugs 25 (25) 14 (29) 11 (21) 38 (19) 15 (15) 23 (22) 1.39 (0.802.43) 0.25
Salicylates 23 (22) 11 (22) 12 (23) 40 (20) 26 (27) 14 (13) 1.22 (0.66-2.25)  0.53
Antiarrhythmics 20 (20) 8 (16) 12 (23) 27 (13) 13 (13) 14 (13) 1.64 (0.853.15) 0.14
Vasodilatators 19 (19) 9(18) 10 (19) 40 (20) 20 (20) 20(19) 0.94 (0.52-1.71)  0.84
f-Blockers 19 (19) 10 (20) 9(17) 32 (16) 14 (14) 18 (17) 1.24 (0.65-2.35)  0.51
Nitrates 17 (17) 9(18) 8 (15) 21 (10) 13 (13) 8(8) 1.89 (0.893.99) 0.10
Benzodiazepines 16 (16) 10 (20) 6(11) 32 (16) 16 (18) 16 (15) 1.00 (0.51-1.96)  1.00
Hyperkalemic diuretics 9(9) 4 (8) 5(9) 18 (9) 12 (12) 6 (6) 1.00 (0.44-2.26) 1.00
Antiulcers 9(9) 5(10) 4(8) 18 (9) 8 (8) 10 (9) 1.00 (0.422.38)  1.00
Antidepressants 6 (6) 5 (10) 1(2) 24 (12) 11(11) 13(12) 0.47 (0.80-1.19) 0.09

*From conditional logistic regression with no further adjustment considering all case and control patients (i.e., irrespective of infoutpatient status).
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Table 3. Main characteristics and drugs taken by
patients with chronic or recurrent eczematous
eruptions included in the two ancillary studies
evaluating patient outcome after drug withdrawal
Study of patients in the
French
“’Pharmacovigilance’”
Monocenter  National Drug Survey
study (n=74) database (n=101)

Mean age+SD (years) 78.1+9.0 70.0+8.7
Male/female sex ratio 1.55 1.60
Past history of atopic 14 (19) 9 (9)

dermatitis no (%)

Preferential localization of 12 (16) 9(9)
skin lesions on sun-
exposed areas no (%)

Mean number of drugs with 53+2.4 53+2.5
chronic intake
(=3 months)+SD

Main drug class no (%)

Converting enzyme 29 (39) 9 (9)
inhibitors

Calcium channel blockers 27 (36) 101 (100)

B-Blockers 22 (30) 6 (6)

Hypolipidemic drugs 22 (30) 5 (5)

Hypokalemic diuretics 17 (23) 909

« Most of the patients had resolution of the rash upon

withdrawal of the CCB after an average of 3 weeks.

« Most patients who were later re-challenged to the CCBs had

the eruption reproduced within a mean of 3.8+1.9 days.

« The pathogenesis of drug-related eczema is poorly

understood.

* Calcium gradient matters
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Work up for the clopidogrel hypersensitivity that led to recognising the undi-
agnosed myelodysplastic syndrome

Yoo Sang Baek, Jung Woo Lee, Jichyun J. con’

Department of Dermatology. College of Medicine, Korea University, Seoul. South Korea

Figure 1. Confluent purpuric patches with vesiculation and wheal-like erythematous patches on the trunk and extremities. (A):
anterior trunk; (B): posterior limb.

Statins and “Chameleon-Like” Cutaneous Eruptions:
Simvastatin-Induced Acral Cutaneous Vesiculobullous and
Pustular Eruption in a 70-Year-Old Man

Amy E. Adams, Arthur M. Bobrove, and Anita C. Gilliam

Table 1. Adverse Cutaneous Reactions to Statin Medications

Drug Adverse Cutaneous Reaction Histopathology Reference

Atorvastatin -~ “Eczematous dermatitis” No pathology 8
Toxic epidermal necrolysis Blister with epidermal necrosis and mononuclear cell infiltrates 9
Linear IgA bullous dermatosis Subepidermal bulla; dermis contained neutrophils, 10

eosinophils, histiocytes DIF: segmental linear deposition of
IgG and C3; IIF on monkey esophagus substrate negative
for IgA and IgG; NaCl-split skin: IgA antibodies at titer of
1:40 on the epidermal side

DRESS hypersensitivity reaction (drug reaction Dermal edema and inflammatory cell infiltrates compatible 11

with eosinophilia and systemic symptoms) with drug eruption; “nonspecific”
Fluvastatin =~ Lichenoid drug eruption No pathology 12
Pravastatin ~ Lichenoid drug eruption Vacuolar interface changes; lichenoid dermatitis with 13

lymphocytic infiltrates; pigment incontinence
Porphyria cutanea tarda No pathology 6
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Lovostatin “Eczematous dermatitis”
Lichenoid drug eruption

Rosuvastin =~ No cutaneous eruptions published

Simvastatin  Lichenoid drug eruption

Eczematous dermatitis
Acute generalized exanthematous pustulosis

Recall of skin radiation reaction

Lupus-like syndrome: ANA 1/640 speckled
pattern, positive anti-double-stranded DNA,
antihistone, anti-ENA antibodies; negative DIF

Dermatomyositis-like syndrome

Cheilitis
Lichen planus pemphigoides

No pathology

Hyperkeratosis; vacuolar interface changes; “band-like”
lichenoid lymphocytic infiltrate; colloid bodies; no
eosinophils

Vacuolar interface changes; Civatte bodies; lichenoid
infiltrates of lymphocytes, histiocytes, and eosinophils

Epidermal hyperplasia and spongiosis; focal parakeratosis;
superficial perivascular lymphocytic infiltrates

Intraepidermal pustules containing neutrophils; edematous
dermis with mixed inflammatory infiltrates and eosinophils

No pathology

Vacuolar interface changes, superficial perivascular
lymphocytic infiltrates

Skin: chronic perivasculitis. Left deltoid muscle: myofiber
necrosis, phagocytosis, regeneration, and focal
perifascicular fiber atrophy; lymphocytes, macrophages,
and a few eosinophils in the endomysium

No pathology

Subepidermal bulla with lichenoid infiltrates containing
eosinophils. DIF: linear IgG and C” at the dermal-epidermal
junction; IIF: circulating antibodies to 180 kDa BP AG2

16
17

19
20

ANA = antinuclear antibody; C' = complement; DIF =

immunofluorescence.

direct immunofluorescence; ENA =

extractable nuclear antibody; IIF

indirect

Figure 1. A, A 70-year-old man had chronic pruritic erythematous
patches and plaques on the thighs, legs, and distal arms and hands (not
shown). B, Closer view of the knee with erythematous patches, an
ecchymosis, and a follicular pustule.
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Diverse reaction pattern of statin drug
reaction

Spongiotic (“eczematous”)
« Statins act on an early step in

Lichenoid

cholesterol synthesis and
Interface (lupus-like or dermatomyositis-like) affect many aspects of
Cytotoxic (Stevens-Johnson, toxic epidermal necrolysis, immunomodulation and
porphyria) cutaneous immune function

Perivascular (urticarial)

Pustular

Vasculitic

Treatment: Approach

* Principle (from Andrew's)
* 1. Stop unnecessary medication!

« 2. Ask about non-prescription medication and pharmaceutical deliv
ered by other means (eyedrops, implants, patch)

* 3. No matter how atypical, always consider medication

* 4. Timing of drug administration must correlate with appearance of
eruption
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@ E S C European Heart Journal (2018) 39, 3021-3104

European Society doi:10.1093/eurheartj/ehy339
of Cardiology

ESC/ESH GUIDELINES

of arterial hypertension

Hypertension (ESH)

Authors/Task Force Members: Bryan Williams* (ESC Chairperson) (UK),
Giuseppe Mancia* (ESH Chairperson) (Italy), Wilko Spiering (The Netherla
Enrico Agabiti Rosei (Italy), Michel Azizi (France), Michel Burnier (Switzerl
Denis L. Clement (Belgium), Antonio Coca (Spain), Giovanni de Simone (It
Anna Dominiczak (UK), Thomas Kahan (Sweden), Felix Mahfoud (German)
Josep Redon (Spain), Luis Ruilope (Spain), Alberto Zanchetti' (Italy), Mary |
(Ireland), Sverre E. Kjeldsen (Norway), Reinhold Kreutz (Germany),
Stephane Laurent (France), Gregory Y. H. Lip (UK), Richard McManus (UK)
Krzysztof Narkiewicz (Poland), Frank Ruschitzka (Switzerland),

Roland E. Schmieder (Germany), Evgeny Shlyakhto (Russia), Costas Tsioufi
(Greece), Victor Aboyans (France), and lleana Desormais (France)

g 7150k
2018 ESC/ESH Guidelines for the managemerzo:l'8 '-=|- J‘% =

ERIES

The Task Force for the management of arterial hypertension of t 77 stn et sl
European Society of Cardiology (ESC) and the European Society et

The Korean Society of Hypertension

Clinical Practice Guideline

2017 ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/
ASH/ASPC/NMA/PCNA Guideline for the Prevention,
Detection, Evaluation, and Management of High
Blood Pressure in Adults

A Report of the American College of Cardiology/American Heart
Association Task Force on Clinical Practice Guidelines

WRITING COMMITTEE MEMBERS
Paul K. Whelton, MB, MD, MSc, FAHA, Chair; Robert M. Carey, MD, FAHA, Vice Chair;

Wilbert S. Aronow, MD. FACC, FAHA*; Donald E. Cascy. Jr, MD, MPH, MBA, FAHA: Karen J. Collins, MBA%;
Cheryl Dennison Himmelfarb, RN, ANP, PhD, FAHAS; Sondra M. DePalma, MHS, PA-C, CLS, AACCE;
Samuel Gidding, MD, FAHAY; Kenneth A. Jamerson, MD#; Daniel W. Jones, MD, FAHAT;

Eric J. MacLaughlin, PharmD**; Paul Muntner, PhD, FAHA; Bruce Ovbiagele, MD, MSc, MAS, MBA, FAHA;
Sidney C. Smith, Jr, MD, MACC, FAHA#+; Crystal C. Spencer, JD¥; Randall S. Stafford, MD, PhD#;
Sandra J. Taler, MD, FAHASS: Randal J. Thomas, MD, MS, FACC, FAHAI Kim A. Williams, Sr, MD, MACC, FAHAY;
Jeff D. Williamson, MD, MHS{{; Jackson T. Wright, Jr, MD, PhD, FAHA##
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Table 6. Categories of BP in Adults*  ACC/AHA g 18- (46.3%)
= 16
BP Category SBP DBP E 44 P
@ 12 (20.4%)
Normal <120 mm Hg and <80 mm Hg 3 0
Elevated 120-129 mm Hg and <80 mm Hg % 8
; S 6 -
4 mill
Hypertension 3; al 9(35@50)3.1
Stage 1 130-139 mm Hg or 80-89 mm Hg S 2
Stage 2 >140 mm Hg or >90 mm Hg 0 Hyperiansion

W 2017 ACC/AHA and 2018 KSH guidelines  m 2017 ACC/AHA guideline but not 2018 KSH guideline

SJ Cho, et al. Korean Circulation Journal 2020; 50(6): 485-498.

Table 3 Classification of office blood pressure® and definitions of hypertension grade® ESC

Category Systolic (mmHg) Diastolic (mmHg)

Optimal <120 and <80

Normal 120-129 and/or 80-84

High normal 130-139 and/or 85-89

Grade 1 hypertension 140-159 and/or 90-99

Grade 2 hypertension 160-179 and/or 100-109 2

Grade 3 hypertension >180 and/or >110 5

Isolated systolic hypertension® >140 and <90 ﬁ
Y ER 27|82 (mmHg) 0|27 8¢ (mmHg)
TALSiox <120 mElini <80
oy 120~129 uEln} <80
TEATEA 130~139 E= 80~89

[ v 140~159 e 90-99 ]
-
27| >160 = >100
. —
« O]=(2017): SBP 130 mmHgO| 4 Et= DBP 80mmHgO| 4

- 2E|LtEt& 2 3(2018) : SBP 140mmHgO|

Al CC -
o L1

DBP 90mmHg 0| At

acfolzel PREel Hhaolstn



122 2021 A2z}

ALY A 2 12t 1074

AU O ————
fa4 gk ‘ ,
O X —
(= Tt il . .
e | ‘ ‘
22 ——
IXES meee——
HITH —
n b= | | ‘
22 M Mo ————————
T ————————
I —
0 1000 2000 3000 4000 5000 6000 7000 8000
Attributable deaths due to selected risk factors
(in thousands)
N, = = =L =
{ey et st 3
Mendis et al. Global Atlas on Cardiovascular Disease Prevention and Control. World Health Organization,Geneva 2011. p19 Hrpege  The Korean Society of Hypertension

o eSO Oigt 7|0 el E

O

E31% 7E127%

2241%

cfgarme SfE MR

Kim HC et al. Hypertension 2005;46:393-7.

Toe R TR JhHels



H
re
d
o
)
>
=

£k} 22| Tip 123

r

- 30M| OJ4 CHEHDIZ 201 9f 3% = 192 090 &)

39z 1y ‘ 59z 19

30M| o1y Y4 30Al o1 o
35.0% D W2t 4 22.9% Y &2}
. R
35.0
35 |_o

29.1
iz omanaeectaggrte
25 \0\0\/\/_—0/\0\/ 229

l—o

1998 2001 2005 2007 2008 2009 2010 2011 2012 2013 2014 2015) 2016

20

15

2016 =UHZ L=, FUAHBEHSTE Y OlH

125

ZEHST 8 0lH

TrfelRY TRH et

t



Ki
nNO
P
8l

3

124 2021

0
KIr

joll

7 E
I | T [e] | |

!
of FIE

'6;]0
=]

e

.

ol
ol

nF
kio

ol
!
20
K0
Kr
ol
B

ol

ol

2.7t

i =]



et Ttk 243 Tip 125

=
al

« DY RICH 7| &=L 140/90 mmHg O] A

- Y ZEH X357 oSt HOSH AEHE F SO

« SEO|7t Q= ORI S 7D HEE St AE2 ME =0[0f K| A
71Ct.

- 1-229| 7

Pl
00
ot

o rr

rlo

HU et
=]
]

FA:

+
1

o
-
L

r
al
ek
I

g=2hd0| 43 HA A
(www.dableducational.org)

dabl"Educational Tvust. .. L b bbb bbb bbb b bbb b b d b b b b b b

Blood Pressure Monitors

Home

About Us
Validation
Devices
Manufacturers
Library
Directory
Disclaimer

Sitemap

Founding Sponsor

dabl

The most advanced

Validations, Papers and Reviews

CLASSIFIC?

Classification of Sphygmomanometers

Click on the index below for classification of blood pressure measuring devices according to the following schema (please note that for a list of currently available devices see our Dev

Sphygmomanometers for Self-measurement of Blood Pressure (SBPM)

There are a large number of automated devices for sel-measurement of blood pressure, virtually all of which use the oscillometric technique, and most of which have not been subjected to independent vi

Upper Arm Devices for Self Measurement of Blood Pressure I

Blood pressure measurement is most accurate when the inflatable cuff is placed ovef®he brachial artery on the upper arm. Table

Wrist Devices for Self Measurement of Blood Pressure

In an effort to make blood pressure more convenient, devices that measure blood pressure by occluding the radial artery at the wrist have been developed so as to avoid the necessity of r
disadvantages. They become inaccurate if the arm is not kept at heart level during measurement, and the position of the wrist during measurement may also influence the accuracy of the mea
recommend them regardiess of accuracy. The difficulty in attaining accurate measurements using this technique is evident from the fact that a validated device has only recently become avail
process and all instructions are strictly followed. It is particularly vital, with these devices, that patients are aware that adherence to these instructions is critical as the position of the lower arm can ¢
whereas it has no effect on that from an upper arm device. Table
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My Blood Pressure Log 1 —
Name
My Blood Pressure Goal
Date Time Systolic | Diastolic | Pulse [Notes
MM -]
AM/PM ©a

* Telemonitoring and smartphone applications may offer additional advantages...

* We do not recommend the use of apps as a cuff-independent means of measuring BP. (2018
ESC/ESH guideline for hypertension)
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* Home blood pressure monitoring(HBPM) better predicts cardiovascular
morbidity and mortality than office BP.

¢

Any cardiovascular event Cardiovascular mortality

Study N n HR (95% CI)

Office Study N n HR (95% ClI)

Bobrie (2007) 4939 324 F— 1.06 (0.99, 1.14) :

Fagard (2005) 391 86 -+ 1.06 (0.94, 1.18) Office

Niiranen (2010) 2081 162 —— 1.13 (1.05, 1.22) Bobrie (2007) 4939 85 o 1.00 (0.82, 1.10)

Shimada (2008) 4596 60 —— 1.14(1.06, 1.23) Ohkubo (1998) 1789 52 o 1.05 (0.90, 1.22)

Stergiou (2007) 662 67 b 1.13 (0.99, 1.29) Sega (2005) 2051 56 —— 1.42 (1.29, 1.56)

Sublolal(frsquared S0:0%. & =10.597) © LI04106,1:15) Subtotal (I-squared = 89.8%, P=0.000) ~ ~——— 115 (0.91, 1.46)

Home

Bobrie (2007) 4939 324 — 1.17(1.07, 1.28) Home

Fagard (2005) 391 86 — 1.13(1.03, 1.24) Bobrie (2007) 4939 85 1 1.10(0.90, 1.22)

Niiranen (2010) 2081 162 —— 1.23(1.13, 1.34) Ohkubo (1998) 1789 52 — 1.23 (1.01, 1.49)

ghimada((ggg%) gggﬁ gg o= 1(1); Eggg };g; Sega (2005) 2051 56 — 1.56 (1.42,1.72)

tergiou —fe—= 4 .89, 1. Subtotal (I- d = 87.6%, P = 0.000 _ —— g .02,

Subtotal (I-squared = 32.2%, P = 0.207) P 114 (109, 1.20) dtoteli(-Square 4 ) 120400

. 3 + Hazard ratios 05 2 4 Hazard ratios

1
per 10 mmHg per 10 mmHg

Ward et al. J Hypertension 2012;30: 449-56

- Dipper: S4H 22 Op7tE 40| FZHE 0| H|sl 10-20% RS
- Non-dipper: OFZ+& 20| 10% D|2to 2 ZiA CIIPYgNE £ 31
- Extreme-dipper: OFZF& 2+0| 20%0| 4 A5 A 8 - =7t 7t
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than was office BP,

Table 1

> (®)
2730l R84

* Ambulatory and Home blood pressure were
correlated with organ damage more closely

Characteristics of the study population

Target organ damage
Ankle brachial index more than 0.9 (n) (%)
Creatinine clearance (ml/min) (SD)
Microalbuminuriria, creatininuria (mg/mmol) (SD)
Abnormal microalbuminuria (n) (%)
Abnormal microalbuminuria in nondiabetic
patients (n) (%)
Sokolow index (mm) (SD)
Cornell index (mm) (SD)
Cornell.ORS product (mm/ms) (SD)
Left Ventricular Mass Index (g/T27) (SD)
Echocardiographic left ventricular
hypertrophy (n) (%)
Relative wall thickness (SD)
Carotid intima-media thickness (mm) (SD)
Carotid intima-media thickness more than
0.9mm (n) (%)

Table 2 Correlation between blood pressure and target organ

damage
TOD Cornell CornellQRS LVMI RWT AlbU Creatcl IMT
Gender 0.12* 0.17' NS NS NS 014" NS
Age NS NS 0.17* 022 017" -065% 0.30°
BMI NS NS 029° NS NS  056° NS
Clinic
SBP 0.15' 0.14! 0.28% 0.15' 0.8 NS 0.19
DBP 0.15 0.12* NS NS NS  020° NS
PP NS NS 0285 o0.16' 0.22' -0.26% 0.30°
HBP
38 (12.6) SBP 0.19 023% 0415 032% 016! NS 0315
80.3 (27.5) DBP 0.18' 0.19! 0.22' 020 014* 0295 NS
1.59 (6.7) [=]=} 013* 017t 01385 0075 Q11* 018! 0na2gS
30 (9.9) ABPM
15 (7) Day SBP  022° 0225  020° 025° o019’ NS o021
Day DBP  0.20 0.17! 0.11* 018’ NS 0245 NS
10.8 (6.8) Night SBP  0.20° 0.23% 0275 0245 020' NS 0.28°%
14.8 (6) Night DBP  0.18! 0.19! NS NS NS 016 NS
1172 (581) 24-h SBP 0225 0235  029% 026° 0.19' NS  023°
40,5 (15) 24-hDBP  0.21¢ 0.19 NS 0.12* NS 0245 NS
. 24-hPP  0.12* 0.15! 0315 026°% 020' -0.23% 0345
45 (14.9)
0.30 (0.1) ABPM, ambulatory blood pressure monitoring; AlbU, albuminuria/creatininuria
0'75 (0'13) ratio; BMI, body mass index; Cornell, Cornell index; Creat cl, creatinine clearance;
l38 (1'2 6) DBP, diastolic blood pressure; HBP, self-measurement of blood pressure at home;

IMT, carotid intima-média Thickness; LVMI, left ventricular mass index; PP, pulse
pressure; RWT, relative wall thickness; SBP, systolic blood pressure; TOD, target
organ damage. *P<0.05. P<0.01. *P<0.001. SP<0.0001.

Gaborieau et al. / Hypertension 2008; 26: 1919-27

HEsEYUO]

140/90 mmHg O|At0|

o~

135/85 mmHqg 0|29 AL

4ho BIX}O| 15-20% 7} i \

- BiXISIX| Z2Al 2Eas s Xzl //™Hd0| 57t
->QF2 0| AIRY/Z 2 FOf Wo| Bt 0f 2SS T A| &0l

nrlel2e PR Fhyelstn




et Ttk 23| Tip 129

el / el

MX

ol

7I'H 1

2+0| 140/90mmHqg OJ2t0o|1

ol
<

=

Pl

2 135/85 mmHg 0|

4O}
=

@

71 &l
=

%

o
=

FXFO| 2F 30%0)| A

=)
[—

A FARSEAL O LS

=R

=

o
-y

7}

c

[
it

—

e)

S
-=
ds

[}

=
-y

(]
-

0

=
wn
Nt

7tH nEY
(Masked Hypertension
MHT)

FpgsEY
(135/85

or
(-]

ol Y
(White Coat
Hypertension: WCH)

BH
=

yoge
(Sustained Normal BP

mmHg)

: SNBP)

8

t

O Hets!
The Korean Society of Hypertension

ch gt

o)
,,}
\ o

Ued gy
(140/90 mmHg)

s

=R

£2}0|= 2019, Cistn

o2 H 2



130 2021 A2z}

T-S
2
I11|I11
2
_gl
)
40
T
5
o
ng
JIX
o2
o
i
]
2
0

Table |1  Clinical indications for home blood pressure monitoring or ambulatory blood pressure monitoring

Conditions in which white-coat hypertension is more common, e.g:
e Grade | hypertension on office BP measurement
@ Marked office BP elevation without HMOD

Conditions in which masked hypertension is more common, e.g.:
o High—-normal office BP
o Normal office BP in individuals with HMOD or at high total CV risk

Postural and post-prandial hypotension in untreated and treated patients

Evaluation of resistant hypertension
Evaluation of BP control, especially in treated higher-risk patients
Exaggerated BP response to exercise

When there is considerable variability in the office BP

Evaluating symptoms consistent with hypotension during treatment

Specific indications for ABPM rather than HBPM:
® Assessment of nocturnal BP values and dipping status (e.g. suspicion of nocturnal hypertension, such as in sleep apnoea, CKD, diabetes, endo-

crine hypertension, or autonomic dysfunction)

©ESC/ESH 2018

ABPM = ambulatory blood pressure monitoring; BP = blood pressure; CKD = chronic kidney disease; CV = cardiovascular; HBPM = home blood pressure monitoring; HMOD

= hypertension-mediated organ damage.

2018 CHot @ sty

Xz X| &l 2018 ESC/ESH guideline for hypertension
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History of possible secondary hypertension

=
- e
. o= o N = 1 A Young onset of grade 2 or 3 hypertension (<40 years), or sudden
% ﬁ =T 1—%, T Eﬂ 69' g‘l %’g%l’ development of hypertension or rapidly worsening BP in older
Al
[ |

- - patients
StopsE B 2 ﬁ \
== - History of renal/urinary tract disease

Recreational drug/substance abuse/concurrent therapies: corticoste-

Risk f: = roids, nasal vasoconstrictor, chemotherapy, yohimbine, liquorice

Repetitive episodes of sweating, headache, anxiety, or palpitations,

Family and personal history of hypertension, CVD, stroke, or renal
suggestive of Phaeochromocytoma

disease

Family and personal history of associated risk factors (e.g. familial History of spontaneous or diuretic-provoked hypokalaemia, epi-
hypercholesterolaemia) sodes of muscle weakness, and tetany (hyperaldosteronism)
Smoking history Symptoms suggestive of thyroid disease or hyperparathyroidism
Dietary history and salt intake History of or current pregnancy and oral contraceptive use
Alcohol consumption History of sleep apnoea

Lack of physical exercise/sedentary lifestyle

History of erectile dysfunction 4)AI:! I '% J_Iil- _([)_l ‘5I:-|| Ol_l xl» 'IQI'_?_
Sleep history, snoring, sleep apnoea (information also from partner) 5)-?-%& g_ 7| _t_é)].% gl AI:! -6'»7.” -6}% %1 E_:]I

Previous hypertension in pregnancy/pre-eclampsia

2018 ESC/ESH guideline for hypertension

A4

X7| Aly] mﬂrxl‘l'}gi 5t isa?ﬁs‘_)r; M EY (mmHg) ARuHA 171 2w 27| TEL
o 27| BRI 715 (g <55M), 014 <654) CE (130~139/80~89) 0~159/90~99) (160/100)
o 29
o H|2F (HEIZX|S: 225 kg/m?) E= SEH[2H SRS 4 290 cm, 014 285 cm) Sliolt ol N HelgR B9l EE DT
o X2 QIxt

(52 AHZ >220 mg/dL, LDL-Z|AE|ZE >150 mg/dL, HDL-22|AHZ <40 mg/dL, Z4X[& >200 mg/dL) QLEIX} 1~27H XYY E= ZET Hosm n e
o LU (S Fof (100 S2EE <126 mg/dL) EE= LiEs Hof) o[3i0Ix} 374 0|4, e
* Y=Y (SEEY 2126 mg/dL, B+ GRS} 2412 T 2200 mg/dL, Ei= GRREMA >6.5%) E ;:'**;li“ creme 39 £= 29ER 29 29ER

2ENFI|EY
FEETIEY Yzt r, YA MfEnE opia osia oz
i b EOGEARERS e b Dz

o | - LJAZFQIUHE IMSZC (periventricular white matter hyperintensity, PWMH), OJ4IE8 (microbleeds), ohgIE a9 29 29

f—lngg : |§ :_": SEYRIEY EE G HIUNTHS SH Py
o 8 - Sty *QIBIL: 2442 A% 94591 530 mglday S 2J2]2 USBYSOFEI | 530 molg (3 mg/mmol.
o W _UB0IL eGFR Z4
oS3 - ZAZGR, SSOHES0 2} HIFHYAE >10 misec, YLSH-LDEY 2 HIFHYAC 518 msec, 10E7 M adst Al E

EASOHAS[} 4 400E O} -E| X @@ 5% o2t
* Y9 - 3-4th] Tgery Yets Sy P

-X 9™ 5-10% 0|2t

AYH YelEams o SR -52|d: 10-15% 0|2k
o 5| - | EF, UBPY SR, Sk Kol -0 ™ 15% 04
o AIXF _SIAIE AT A!Iﬂ}*ﬂg

ME-HAZ M M
o SY-UYETY3, 4, 57|
- EE - OSUEEE, dhsvyels, Baus
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Clinical ion and HMOD

Recommendations

‘ Class® | Level®

Heart.

12-lead ECG is recommended for all hypertensive patients.’*®

Echocardiography:
@ Is recommended in hypertensive patients when there are ECG abnormalities or signs or symptoms of LV
dysfunction 2134

@ May be considered when the detection of LVH may influence treatment decisions.>'**

Blood vessels

Ultrasound examination of the carotid arteries:

@ May be considered for the detection of asymptomatic atherosclerotic plaques or carotid stenosis in patients with docu-
mented vascular disease elsewhere.

Measurement of PWY may be considered for measuring arterial stiffness. ™'

Measurement of ABI may be considered for the detection of advanced LEAD."**'*

Kidney

Measurement of serum creatinine and eGFR is recommended in all hypertensive patients.'®

43180

Measurement of urine albumin:c is in all hype patients.

Renal ultrasound and Doppler examination should be considered in patients with impaired renal function, albuminuria, or for
suspected secondary hypertension.

Fundoscopy

Is recommended in patients with grades 2 or 3 hypertension and all hypertensive patients with diabetes.

May be considered in other hypertensive patients.

In hypertensive patients with neurological symptoms and/or cognitive decline, brain MRI or CT should be considered for

detecting brain infarctions, microbleeds, and white matter lesions.'**'¢”

ESC/ESH 2018

ABI = ankle-brachial index; CT = computed tomography; ECG = = estimated

HMOD =

dam.

glon gan dam-
age; LEAD = lower extremity arterial disease: LV = left ventricular; LVH = left ventricular hypertrophy; MRI = magnetic resonance imaging: PWY = pulse wave velocity: TIA =

transient ischaemic attack.
*Class of recommendation.
PLevel of evidence.

PN
(=]

2%

2018 ESC/ESH guideline for hypertension
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®

systolic Blood Pressure (mm Hg) * Diastolic Blood Pressure (mm Hg)

Total Cholesterol (mg/an) * HDL Cholesterol (mg/aL) * LDL Cholesterol (mg/at) @

History of Diabetes? *

smoker? @ *

On Hypertension Treatment? * Ona statin? @ On Aspirin Therapy? ©

Yun JM, et al. /J Korean Med Assoc. 2017 Sep;60(9):746-752.

ASCVD Risk Estimator Plus

A 0= X EE

QRISK®3-2018 risk calculator https://qrisk.org/three

About you

Age (25-84). [64 ]

Sex ®Male OFemale

Ethnicity |Chinese v

UK postcode: leave blank if unknown
Postcode: | ]

Clinical information

Smoking status:
Diabetes status: [none V'

Angina or heart attack in a 1st degree relative < 60? []
Chronic kidney disease (stage 3, 4 or 5)? []

Atrial fibrillation? []

On blood pressure treatment? []

Do you have migraines? [

Rheumatoid arthritis? []

Systemic lupus erythematosus (SLE)? []

Severe mental iliness?

(this includes
depression)
On atypical antipsychotic medication? []

bipolar disorder and

« ACC/AHA ASCVD estimator/Framingham risk score= St QIO Al = Ali| e youonreguarsteroaviess 0
gazgol ¥ EE Iirf FHHs Fo| U
* QRISKE F=o| [l 2 MM ASES J|Wo 2 WE MEads  Jorr
FlRE7I=T 0fE RH0IEE St gvaonora st
- B3 2ol BT WL M JHsT MEHO ML Was MF
i —]

Calculate risk

SPRINT study

November 26, 2015
N Engl ] Med 2015; 373:2103-2116

3 The NEW ENGLAND
-/ JOURNAL of MEDICINE

A Randomized Trial of Intensive versus
Standard Blood-Pressure Control

The SPRINT Research Group*

Patient: high risk = 5o yr persons without
DM(SBP>130mmHg; CVD, CKD, >15%/10yr;>75yr)

Intervention: SBP<120mmHg (n=4678)

Comparison: SBP<140mmHg(n=4683)

Outcomes: Co-primary endpoints(CV death,
MI(ACS), stroke, HF)

(Systolic Blood Pressure Intervention Trial)

1504

136.2mmHg

1404 Standard treatment

1304

121.4mmHg

1204

Systolic Blood Pressure (mm Hg)

Intensive treatment

1104

Years

Figure 2. Systolic Blood Pressure in the Two Treatment Groups over the Course of the Trial.

Wright JT Jr, et al. NEJM. 2015;373:2103-16

nrlel2e PR Fhyelstn
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Results of SPRINT study

A Primary Outcome B Death from Any Cause
1.0q 0.10 Hazard ratio with intensive treatment, 1.04 0.10: Hazard ratio with intensive treatment,
0.75 (95% Cl, 0.64-0.89) 0.73 (95% Cl, 0.60-0.90)
0.08 0.08
5 0.8+ Standard treatment 0.8+
5 0.06 = 0.06
g 0.64 & Standard treatment
7 : 0.04 Intensive treatment I 069 0.04
B ¢
% 0.4 002 Li 0.4 0.02 Intensive treatment
Z X
0.00 £
S L 2 8 @ & £ ooof—"
0.2 o5 0 1 2 3 4 5
0.0 T T T T 1
0.0 T T T T 1
9 i 2 & 4 i 0 1 2 3 4 5
Years Years
No. at Risk A
Standard treatment 4683 4437 4228 2829 721 No. :‘ 'Z'Sk
Intensive treatment 4678 4436 4256 2900 779 Standarditreatment:: 4683 4528 #4383 2292 189
Intensive treatment 4678 4516 4390 3016 807

* Asystolic blood pressure of less than 120 mm Hg, as compared with less than 140 mm Hg, in patients at
high risk for cardiovascular events but without diabetes resulted in lower rates of fatal and nonfatal major
cardiovascular events and death from any cause.

Wright JT Jr, et al. NEJM. 2015;373:2103-16

HOPE(Heart Outcomes Prevention
Evaluation) -3

) The NEW ENGLAND May 262018 — 140+
' JOURNAL of MEDICINE N Engl ) Med 2016; 374:2009-2020 8
Blood-Pressure Lowering in Intermediate-Risk Persons without £ 354
Cardiovascular Disease £
Eva M. Lonn, M.D,, Jackie Bosch, Ph.D., Patricio Lépez-Jaramillo, M.D., Ph.D., Jun Zhu, M.D., Lisheng Liu, M.D., Prem Pais, M.D., Rafael Diaz, M.D., Denis Xavier, M.D., Karen ﬁ
Sliwa, M.D., Ph.D., Antonio Dans, M.D., Alvaro Avezum, M.D., Ph.D., Leopoldo S. Piegas, M.D., Ph.D., et al., for the HOPE-3 Investigatorst E 130_
=l
. . . . o
» Patient: persons at intermediate risk(2%/yr) (n=12,705) 2 Cardesarens
L 125 hydrochlorothiazide
F]
2
w C T T T T T T T T

* Intervention: Candesartan 16mg+ Hydrochlorothiazide
12.5mg (n=6361)

Years

Figure 1. Systolic Blood Pressure over the Course of the Trial, According to

* Comparison: placebo(n=6344) Trial Group.
I bars represent 95% confidence intervals.
* Outcomes: 1%t primary endpoints( CV death, MI, stroke)

2" primary endpoints ( CV death, M, stroke+
SCD, HF, revascularization) Lonn EM, et al. NEJM. 2016; 374:2009-2020

acjo|2el BEYS ol
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Results of HOPE-3 trial

A Death from Cardiovascular Causes, Myocardial Infarction, Stroke, Cardiac Arrest, B Stroke
Revascularization, or Heart Failure
10 0107 Hazard ratio, 0.95 (95% C1, 0.81-111)  pracepo 109 00209 yazard ratio, 0.80 (95% CI, 0.59-1.08)
0084 P= P=0.14
£ o8 - 2 os] o0 -
& 0.06 & ~
2 < -] 0.010. Pra
8 o6 0.04 — 5 0.6 .~ Candesartan+
$ 7 Candesartan+ 2 i 7% hydrochlorothiazide
2 0.02 “7" hydrochlorothiazide ] 5 ‘3
2 04 2 o4
= 3
3 T T T T T T 1 E 0.000- T T T T T T 1
E 1 2 3 4 5 6 7 E o 1 2 3 4 5 6 7
3 o2 3 o2
T T T T T T T T 0.0+ T T T T T T T
o 1 2 3 4 5 & 7 o 1 2 3 4 5 & 7
Years Years
No. at Risk No. at Risk
Candesartan +hydrochlorothiazide 635 6272 6200 6103 5968 4969 2076 522 Candesartan+hydrochlorothiazide 6356 6292 6235 6155 6038 5042 2111 534
Placebo 6349 6270 6198 6096 5967 4970 2075 488 Placebo 634¢ 6291 6234 6147 6041 5045 2115 505
C Myocardial Infarction D Coronary Revascularization
109 00209 {yza1d ratio, 0.84 (95% C1, 0.58-1.21) 107 0020 Lo ratio, 0.83 (95% €, 0.58-1.19)
P-032 Y
2 o8 g osf o0 -
& &
s B 0010
E 06 E 0.6 S
. I 7—""Candesartan+
] ] 0.005 hydrochlorothiazide
= 04 = 04
] ]
H H 0,000
0 1 2 3 4 5 6 7
g 02 3 02
T T T T T T T 7 0.0+ T T T T T T T
o 1 2 3 4 5 6 7 o 1 2 3 4 5 & 7
Years Years
No. at Risk No. at Risk
Candesartan+hydrochlorothiazide 6356 6295 6233 6154 6043 5051 2114 532 Candesartan+hydrochlorothiazide 6356 6293 6236 6155 6036 5044 2103 529
Placebo 6349 6289 6239 6155 6043 5048 2112 506 Placebo 6349 6292 6236 6146 6037 5040 2107 497

* Treatment with candesartan 16
mg + hydrochlorothiazide12.5
mg over a period of 5.6 years

did not result in a significantly
lower risk of major CV events in an
intermediate-risk population
without CVD.

Lonn EM, et al. NEJM. 2016; 374:2009-2020
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. CHUX| ™ E & A (single pill combination)
v 271X 0|9 20| ThY Mol (R H-CtX[EHAMA AKX K, ZEXEHA, Ol =X SHM F7HX|E
HE)
V3R E A7 RESH X EZNE =0 2
v gLt FEo| #AE0| WS I 4E S AR =S| =2
A LS HNSE ZAE
%240 160/100 mmHg O|AH0|7{Lt SEHIHLCt 20/10 mmHg O]X =2 I M= lla c
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Among all antihypertensive drugs, [ACE inhibitors, ARBs, beta-blockers, CCBs, and diuretics (}ﬁazides and thiazide-like
drugs such as chlorthalidone and indapamide) have demonstrated effective reduction of BP and CV events in RCTs, and thus

Recommendations

are indicated as the basis of antihypertensive treatment strategies.”

Combination treatment is recommended for most hypenensive patients as initial therapy. Preferred combinations should

comprise 1 RAS blocker (elther an ACE inhibitor or an ARB) with a CCBor dluretlc]Other combinations of the five major

classes can be used.

It is recommended tha‘ beta-blockers ':re combined with any of the other major drug classes when there
are specific clinical situations, f.g. angina, post-myocardial infarction, heart failure, or heart rate control.“]"“'

It is recommended to initiate an antihypertensive treatment witlj a two-drug combination, preferably in al-

Exceptions are frail older patients and those at low risk and with grade T hypertension (particularly if SBP is
<150 mmHg) 34234351

It is recommended that if BP is not controlled® with a two-drug combination, treatment should be increased to a
three-drug combination, usually a RAS blocker with a CCB and a thiazide/thiazide-like diuretic, preferably
as an SPC.3473%0

It is recommended that if BP is not controlled” with a three-drug combination, treatment should be increased by the addition
of spironolactone or, if not tolerated, other diuretics such as amiloride or higher doses of other diuretics, a beta-blocker, or

an alpha-blocker.3m

The combination of two RAS blockers is not recommended.??"2782%?

740
oT

- =010 AR 2 g2l 172 BFL2 =2 MEHSH MM ST st 20| HHEE

2018 ESC/ESH guideline for hypertension

oozl 2

2 Jhgolstat




¥ zickal 22| Tip 143

(<]
=

L

)

o
=

x|

Al
(L

F

)

=
I'—_'T
=13
=

—

SE2H|2F (H X2 90cm, 4 X} 285cm)

oA 1

F>100mg/dL (S =

= O
g X| &> 150mg/dL

—

] C

.

HDL <40(X}), <50(0i XHmg/dL
o4 Q> 130/85 mmHg

iy -4
[=he]

.

CHAHS 22 (37H/57HK| &5 ¢

CHAF

1
2)
3)
4)
5)

ra
K
n
K4
o
fol’
a1
il
_||_
2 "
[}
R £ <
S =™
Klo o
S . T
= - o
s | ™ w0
a | <
il Ry i s
= ._ua oF ~
s ToIog ;
N s S w | ow
o B Hd = © 5| X
o—.._ nl o _|m_.= EgER _d_ |T_A|
— 10
w0 =1 & - ooy
K @ (@) 3 R S
Kio xl =0 B K Moo
T 10 S AR
11 = = Ko _- -
A H{ Ela 5 9 o
S & T F qu o & | oo
= <40 = N | g | wm
% Al —_— 2 8 = = &1 =
=& o o] @I |y = E| x
ERE Rlo H |m H 5| K
il | 51 = T n %0 <0 uy A
g 3 |A oWl "™ D._ (@]
i od Ml ] <
. W —_— o = Mook | |
ol 22 m 7l ol o X Ro U
=l Jod =l ol 0 _A._L < jod 2
o M of - K 3| K
=y < Ju H Ho W &
o 3 T W0z & w| w
b ™= 7 | T YW T R
08 = ol =xa 0 L@ =
0 - —_ ey - -
= m.__v. ol il _._/o ﬂm - il
Ne 0 31 T i K
& K o FH AR
S M H Bu B B | W
i | o M A= T
T o o1 o =
q E B . o . *
ool H |_|__|O

Lot 2t AS

b

o]
=

7& =¥ oM T SGLT-2 XM= &




144 2021 A2z}

S0 2

ACE2{HH| £

b
rat
=
o
0
Q

OFX| QB AIRIEHH HIEFXEEER] LEXER O] &=H
Hed 0 o O guy uen
Ak 0 0
R 0 0 0

symptomatic anaina

ITEY O grmoln S|
=E5 0 0 0
01 $27|pE nEg 0 0 0
H2EM % 0 2
HYMS oy 0
= 0 0] 0 0

o L Ql0j| M beta blocker =

am
nE
ret
i)
0lo
oA
K=}
4]
rir
oX
4o
=2
2
>
ojo

Y ot o 27| YRR

Table 20 Compelling and possible contraindications to the use of specific antihypertensive drugs

Drug Contraindications
Compelling Possible
Diuretics (thiazides/thiazide-like, e.g. chlortha- | e Gout o Metabolic syndrome
lidone and indapamide) ® Glucose intolerance
o Pregnancy
o Hypercalcaemia
® Hypokalaemia
Beta-blockers e Asthma @ Metabolic syndrome
® Any high-grade sinoatrial or atrioventricular block | @ Glucose intolerance
® Bradycardia (heart rate <60 beats per min) @ Athletes and physically active patients
Calcium antagonists (dihydropyridines) ® Tachyarrhythmia
(Amlodipine’ fe|0dipine) @ Heart failure (HFrFF_class Il or IV)
@ Pre-existing severe leg oedema
Calcium antagonists (verapamil, diltiazem) ® Any high-grade sinoatrial or atrioventricular block | e Constipation
(non-DHP) @ Severe LV dysfunction (LV ejection fraction <40%)
® Bradycardia (heart rate <60 beats per min)
ACE inhibitors ® Pregnancy ® Women of child-bearing potential
@ Previous angioneurotic oedema without reliable contraception
® Hyperkalaemia (potassium >5.5 mmol/L)
o Bilateral renal artery stenosis 2
ARBs o Pregnancy  Women of child-bearing potential | &
® Hyperkalaemia (potassium >5.5 mmol/L) without reliable contraception g
© Bilateral renal artery stenosis
ACE = angiotensi rting enzyme; ARB = angiotensin receptor blocker; HFrEF = heart failure with reduced ejection fraction; LV = left ventricular.

2018 ESC/ESH guideline for hypertension
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76M H
Total Cholesterol 200 mg/dL
HDL - Cholesterol 40 mg/dL
LDL - Cholesterol 128 mg/dL
Systolic Blood Pressure 136 mmHg
Smoker(-)
Shiz(), DY), Z7| U EBATE 715()
7]: 165cm H|S: 65kg

S 2
O] =0|A| AELEI/OtAmZIO EHRSHNR?

634

nsiotol Hex H|SAX}

-1 9 O35, = L

Blood Pressure 136/85 mmHg

Total Cholesterol 220 mg/dL

HDL - Cholesterol 40 mg/dL

LDL - Cholesterol 130 mg/dL
Shi(-), 7ML EBAEE S ()
7]: 1770cm H|3: 82kg BMI: 28.4
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z73

Carotid Doppler

at both carotid bulbs (<2.0mm thick) without

significant stenosis

Coronary CT angiography (CTA)
— LAD proximal with less than 30% stenosis
— LCX proximal with less than 30% stenosis
— RCA mid with less than 30% stenosis

Calcium Scoring = 118.2

S 2

0| S0jA| OfFH AEHEIS Of
ISt ?
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Atherosclerosis Timeline

Endothelial Dys!

Blood clot

Unstable
plaque
ruptures

Fibrous
Plaque

Intermediate
Lesion

Complicated
Lesion/Rupture

Foam

Fatty
Cells

Streak Atheroma

Estimate of 10-Year Risk for Men

Age Points
03¢ E
10.4¢
45.43
0.5¢

606¢

Points.

AQE2039  Agod04s  AQes0.59  Ago6069  Aga7079

0 ] C 0
1
1 0
2 1
1

‘

Ports

fAge2033 Ageao4s Agns0ss Agesoss Agerods |

Monsmaker

Semoker 1

HOL {mgiat) Points

Systolc 89 (mmbg)

¥ Untrastod

Point Total 10-Yoar Risk %

4

Ref) Adult Treatment Panel Il Guideline
10-year risk for myocardial infarction and coronary
death(hard CHD): Framingham risk scoring

| Heart
) attack

FX
A

JRV-E T

Pooled Cohort Risk Assessment
Equations

Predicts 10-year risk for a first atherosclerotic
cardiovascular disease (ASCVD) event

Risk Factors for ASCVD

Gender Female Systolic BP

64 Receiving treatment for high blood
pressure

(if SBP > 120 mmHg)

Age years

White or other -
Diabetes

Smoker
Total Cholesterol

50  mgldl

HDL Cholesterol

Calculate

= US units

Ref) http://tools.acc.org/ascvd-risk-estimator/
Ref) http://clincalc.com/Cardiology/ASCVD/PooledCohort.aspx

nefelzel TR ol

o
32



ClinRisk.

#  Welcome to the QRISK®3-2018 risk calculator https://qrisk.org/three

This calculator is only valid if you do not already have a diagnosis of coronary heart disease (including angina or heart attack) or stroke/transient ischaemic attack.

Reset ][ Information |[ Publications ||

About [ Copyright [ Contactus |[  Algorithm [ Software

—About you

Age (25-84)
Sex
Ethnicity:
’7UK postcode: leave blank if unknown —

55
@male OFemale

Chinese v

Postcode: | ]

r—Clinical

Smoking status: [non-smoker v]

Diabetes status: [none v |

Angina or heart attack in a 1st degree relative < 60? [

Chronic kidney disease (stage 3, 4 or 5)? []

Atrial fibrillation? ()

On blood pressure treatment? [

Do you have migraines? [}

Rheumatoid arthritis? (]

Systemic lupus erythematosus (SLE)? []

Severe mental illness?

(this includes schizophrenia, bipolar disorder and

moderate/severe depression)

On atypical antipsychotic medication? [

Are you on regular steroid tablets? [

A diagnosis of or treatment for erectile disfunction? []
Leave blank if unknown ————————————————————
Cholesterol/HDL ratio: (5

Systolic blood pressure (mmHg): [136 |

Standard deviation of at least two

most recent systolic blood pressure |

Body mass index ————————————————]
’7Helgm (cm):[170 |

readings (mmHg)
Weight (kg): [75

Ref) https://qrisk.

=~ =

O

Al
(=

SHX|(mg/dL)

A"

Your results
YYour risk of having a heart attack or stroke within the next 10 years is

In other words, in a crowd of 100 people with the same risk factors as you, 5 are likely to have a h
stroke within the next 10 years.

Risk of
a heart attack or stroke

Your score has been calculated using estimated data, as some information was left blank.
Your body mass index was calculated as 25.95 kg/m?>
How does your 10-year score compare?

“Your sc

Your 10-year QRISK®3 score

The score of a healthy person with the same age, sex, and ethnicity”
Relative risk™

Your QRISK®3 Healthy Heart Age™

™ 2 of a heaithy person of your age. sex and
sysioic blood pressure

e by he hesitny persor

o scverss cical indicators and

Ithy Heart Age is he age at which a heslthy person of your sex and ethicty has your 10-year

/three/, 215 <Chinese> &4

= o a2}
zlckal X|2 2 57} Sha}xICt,

Y 2HE

CER

Non-HDL-C

Extreme risk

-X1g8’d ASCVD (LDL-C <70 mg/dL &
-Ctx CKD 3/4, HeFH St ASCVD
-Z7| ASCVD ¥ (H<55M1/0{<65M)

2EF0E)

<80

E-n k™ - e
-ASCVD

-10E fIEE>20%
-, CKD 3/4 + Fa9E
_HeFH(ong-lol- 7IEM

QXL

NEYAHELES)

08 T 10-20%
o_':r., CKD 3, 4

QEE<10%

H|

53| (AACE) 2t L2 H| 53| (ACE) 2017 O] AHX| &
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|2 = off et
7t SchEct.

N Sh!E: 354 0|2 A 1YO|Lt 50A) 0|2
S AR 01R712 104, 27HAYARX)

S EAZI|&H(X),

N\ Oz > 108 27 SIHAR0)

m~
.

and 7|3(2| . SEEIEIWIAN)
50% 04 Z+4 N HEYR> I, 7100 M1 ¥R

\
~\
e
s,

&
Low Moderate High Very high CV Risk

S SS|(ESC)2t 5 B35S (EAS) 2019'E O| X HES XA
http://www.mostonline.co.kr/news/articleView.html?idxno=96599

2013 ACC/AHA Guideline(ATP 4)
9 =A
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2013 ACC/AHA Guideline(ATP 4)

' Group 1 ‘ Group 2
I Clinical ASCVD LDL-C =190 mg/dL N
= O|Xfof|t = R/0 7154 e
AHE & i
Acute coronary syndrome, History EQHI_E’IEgé : N;'T;z:g(,":g t::;';l_
of Ml or anging Coronary or other : .
arierial Revascuarization, stroke,

TIA, PAD, all of presumed
aherosclerofic origin

4

'S

\--—-——ﬁ-----

//r—,r—r—,r—,r—»

Group 3 » Group 4
Diabetes Mellitus ASCVD risk 27.5%
- SH = 2UXioiL

$I82IX} 0~1: LDL < 160
+ aged 40~75 years No diabetes o 3 2
+ LDL-C 70~189 mg/dL 5 SIEA et 0 0
1% Statin 0~189 mg/dL
2"; add fenofibrate
If TG >200, HDL < 35

- = == == ¢

Fig. 1 Take-Home Message: How to Implement ACC/AHA into Korean Guidelines?

Ref) E& A (FFEEIO|C] Ojo|= 2L LY EH|LH1}) https://medifonews.com/news/article_print.html?no=124101

2018 ACC/AHA Guideline

Clinical ASCVD*

9 ©

Secondary prevention Primary prevention
(age 18+) (age 40-75y)

History of multiple major LDL-C LDL-C LDL-C

ASCVD events 2190 mg/dL 70-189 mg/dL <70 mg/dL
or

1 major ASCVD event |
+ multiple high-risk L
conditionst Diabetes

é) &\D [ |®||

Assess 10-year ASCVD Risk to begin Risk Discussion

] I ] I
Very =220% 27.5t0<20%|| 5to <7.5% <5%
high risk High Intermediate | | Borderline Low
ASCVD Risk Risk Risk Risk
I I
Evaluate Risk
risk discussion
enhancerst for statin
and coronary benefit;
artery use risk
calcium enhancerst
score if
uncertain

Maximal High- or

tolerated
statin

derat Maximal Moderate- High- Moderate- Liflestt){le; Lifestyle Assess
moderate- tolerated intensity intensity intensity selective and risk lifetime

intensity statin statin statin statin moderate W giscussion risk
statin statin
I

ozl f2

ol
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76N L

Total Cholesterol 200 mg/dL
HDL - Cholesterol 40 mg/dL

LDL - Cholesterol 128 mg/dL
Systolic Blood Pressure 136 mmHg

Smoker(-)
Shix(), DEY(), 7ML AT 7HE3()

7]: 165cm H|E: 65kg

AMERICAN

R ICAN. 2 amercan | ASCVD 5 .
) CoLLEGE S | QP B, | Risk Estimator 2100t al Recommendation

10-Year ASCVD Risk Lifetime ASCVD

30 5% i
provides lifetime risk estimates
for individuals 20 to 59 years of

19.8% [InIEY e

Sex Age' Race '

! Lifetime Risk Calculator only 1 See the Estimate Warning below

provides lifetime risk estimates for
individuals 20 to 59 years of age.

Note: These estimates may underestimate the 10-year and lifetime risk for persons from some race/ethnic groups, especially American Indians,
some Asian Americans (e.g., of south Asian ancestry), and some Hispanics (e.g., Puerto Ricans), and may [ EICRGER S G oI gelq 6K

nc|ud|ng some Asian Americans (eg LEESSERENENGY) and some Hlspamcs (e.g., Mexican Amencans) Because the primary use of these

enough to Jusnfy proceedlng W|th lifestyle change counseling mformed by these results.

Lab s Unit Type

Total Cholesterol (mg/dL) HDL-Cholesterol (mg/dL) Systolic Blood Pressure (mm Hg)

200 40 136

Personal History

Diabetic Smoker Treatment for Hypertension

Ref) https://tools.acc.org/Idl/ascvd_risk_estimator/index.html#!/calulate/estimator/

nrlel2e PR Fhyelstn



10-Year ASCVD Risk Lifetime ASCVD Risk

calculated risk with Lifetime Risk Calculator only provides lifetime risk
30-5% risk 1 9-8% optimal risk estimates for individuals 20 to 59 years of age.

factors @

Recommendation

Based on the data entered (assuming LDL-C < 190 mg/dL (4.92 mmol/L), no ASCVD, not on LDL-C lowering therapy)

Conduct a clinical assessment and risk assessment. Moderate
intensity statin may be reasonable if discussion deems benefits
outweigh risks.

Lifestyle Recommendations Gputs \

AHA/ACC guidelines stress the importance of lifestyle modifications to lower cardiovascular
disease risk. This includes eating a heart-healthy diet, regular aerobic exercises, maintenance of

desirable body weight and avoidance of tobacco products. TIBULL

Age: 76
Race: Other

2018 Cholesterol Guideline Recommendations

Clinician-Patient Risk Discussion Total Cholesterol: 200 mg/dL

¢ Clinicians and patients should engage in a risk discussion that considers risk factors, HDL-Cholesterol: 40 mg/dL
adherence to healthy lifestyle, the potential for ASCVD risk-reduction benefits and the Systolic Blood Pressure: 136 mm Hg
potential for adverse effects and drug-drug interactions, as well as patient preferences for an
individualized treatment decision. (I,B) Diabetes: No

e A clinician patient risk discussion is recommended before initiating statin therapy to review Smoker: No
net clinical b.enefit,. weighing the p‘otentialv for ASCVD risk reduction against the potentlalv for thent for Hypertension: No)
statin-associated side effects, statin drug interactions and safety, yet emphasizing that side

Sk Q1 ATP Il vs. 2013 ACC/AHA

Ate-i N
u CVD disease
acc-aHA I = LDL > 190

u Diabetes

ATP-III _ = Predicted 10-years risk

Age group

2008~2012'd [ NAZHUAZTAL Xt 2
40~75M| et=¢Ql
— ATP Il 7|&E: 18.6%7} AELEl At

— 20139 ACC/AHA 7|&: 35.1%7t AEtEl A7
60~75A
— ATP Il 7|F: 29.8%7t AELEl Jn7
20139 ACC/AHA 7|E: 74.9%7} 2AELEl A3

Ref) Applicability and potential clinical effects of 2013 cholesterol guidelines on major cardiovascular events. American Heart Journal (2015).
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C“nRiSkﬁ Welcome to the[QRISK®3-2018 risk calculator https://grisk.org/three ]

This calculator is only valid if you do not already have a diagnosis of coronary heart disease (including angina or heart attack) or stroke/transient ischaemic attack.

On blood pressure treatment? [

Do you have migraines? (]

Rheumatoid arthritis? []

Systemic lupus erythematosus (SLE)? []

Severe mental illness?
(this includes schizophrenia, bipolar disorder and UJ
moderate/severe depression)

On atypical antipsychotic medication? [

Are you on regular steroid tablets? [
A diagnosis of or treatment for erectile disfunction? (]

Cholesterol/HDL ratio: [5 \
Systolic blood pressure (mmHg): [ 136 \

Standard deviation of at least two

most recent systolic blood pressure |

readings (mmHgQ)
Body mass index

Height (cm): [165 |

Weight (kg): [65 |

Calculate risk ‘

[ Reset J| i |[ Publicati Il About I Copyright H ContactUs || Algorithm H Software I CE |
—About you Your results
Age (25-84 76
ge ( N I Your risk of having a heart attack or stroke within the next 10 years is:
Sex:
Ethnicity:
i “’7"““‘ 3 In other words, in a crowd of 100 people with the same risk factors as you, 30 are likely to have a heart attack or stroke within the next 10 years.
Postcode:
SOl e
OOOOOOLON
r—Clinical O OO0
Smoking status: [ non-smoker v DE) OO
e RN
Diabetes status: none v OO0
Angina or heart attack in a 1st degree relative < 60? [J >4 NN
OO0
Chronic kidney disease (stage 3, 4 or 5)? [] Q@Q@@@@@Q@
Atrial fibrillation? () LOLLLLOELE)
Risk of

a heart attack or stroke
Your score has been calculated using estimated data, as some information was left blank.
Your body mass index was calculated as 23.88 kg/m?

How does your 10-year score compare?

Your scor

Your 10-year QRISK®3 score 30.4%
The score of a healthy person with the same age, sex, and ethnicity” 24.6%
Relative risk”™ 12
Your QRISK®3 Healthy Heart Age™ 80

This is the score of a healthy person of your age, sex and ethnic group. i.e. with no adverse clinical indicators and
a cholesterol ratio of 4.0, a stable systolic blood pressure of 125, and BMI of 25.

** Your relative risk is your risk divided by the heaithy person's risk

*** Your QRISK®2 Healthy Heart Age is the age at which a healthy person of your sex and ethnicity has your 10-year
arIsK®2 score.

ChnRiSkﬁ Welcome to the QRISK®3-2018 risk calculator https://grisk.org/three

This calculator is only valid if you do not already have a diagnosis of coronary heart disease (including angina or heart attack) or stroke/transient ischaemic attack.

[ Reset ][ information ][ Publications ]|

About J| Copyright H ContactUs || Algorithm I Software J| CE ]

r—About you
Age (25-84). (76 |

CFemale

Ethnicity [ Chinese l
=R

Postcode: \ —‘

Your results

Your risk of having a heart attack or stroke within the next 10 years is:

In other words, in a crowd of 100 people with the same risk factors as you, 21 are likely to have a heart attack or stroke within the next 10 years.

©©®©9©©9©©
QOO0

r—Clinical information

Smoking status: [non-smoker V]
Diabetes status: [none v|

Angina or heart attack in a 1st degree relative < 60? [
Chronic kidney disease (stage 3, 4 or 5)? []
Atrial fibrillation? [

On blood pressure treatment? (]

Do you have migraines? []

Rheumatoid arthritis? (]

Systemic lupus erythematosus (SLE)? [J
Severe mental illness?

(this includes schizophrenia, bipolar disorder and
moderate/severe depression)

On atypical antipsychotic medication? ]

Are you on regular steroid tablets? [

A diagnosis of or treatment for erectile disfunction? [J
r—Leave blank if unknown ———————
/ Cholesterol/HDL ratio: [5 | \
Systolic blood pressure (mmHg): [ 136 |
Standard deviation of at least two

most recent systolic blood pressure ‘

readings (mmHg):
Body mass index

Height (cm): [165 |

Weight (kg): [65

©©©®©&©©©©

(960 (99 () (9 9 [ ¢

QOO

OOO0LOO0E

X OO

OO
Q@@Q@ QOC)
Risk of
a heart attack or stroke

Your score has been calculated using estimated data, as some information was left blank.
Your body mass index was calculated as 23.88 kg/m?.

How does your 10-year score compare?

Your score

Your 10-year QRISK®3 score 21.3%
The score of a healthy person with the same age, sex, and elnnlcny’ 17%
Relative risk” 13
Your QRISK®3 Healthy Heart Age™ 80

‘This is the score of a heslthy person of your age. sex and ethnic group. i.e. with no adverse inical indicators and
a cholesterol ratio of 4.0. a stable systolic biood pressure of 125, and BMI of 25.

** Your relative risk is your risk divided by the heaithy person's risk
" Your QRISK®2 Healthy Heart Age s the age at which 3 healthy person of your sex and ethnicty has your 10-year
Qrisk®3 score.

| calculate risk |
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CAC(Coronary Arterial Calcium;
M4} 00|2Hs AMMS
E&0| 2 = A= CAC %’g C

ot & X|50i7}

SCVD #I&0| 5~7.5%(BH $I1¥ 2&0l &
01(40-55A)

Ref) J Am Coll Cardiol. 2019 Jun 25;73(24):3168-32009.

O] ==ZIXtof|A| *EPE|0|

A2

Carotid Doppler
Coronary CT angiography (CTA)

Plaque 311 §0| &7 giZ
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L £ &2 GuidelineOf|A| S=A| EHAHAL
J2{L} HEE 2XHES| A S5A W

UEA SFA HALE ol of SH=71?

|: X|Z &AL
SSAEC} M

ﬁ

I

S0 7 5153| (EAS) 2t S
AMe

AHs Z=0] ofL|at b

Alo}| H3H HIZ=A] XtO]: LAH

==}

Total cholesterol

2| AHE 8mg/dL ' /\_/\/\/-_/\
Triglycerides

LDL-;._ E" ﬁ E" % 8mg/d L /_/M LDL cholesterol

25
S/4X|W 26mg/dL St 200 Men (n = 98 132)
=3
S=

Mean, mg/dL

—_—_— —————————— HDL cholesterol

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Fasting time, hours

Ref) Eur Heart J. 2016 Jul 1;37(25):1944-58.
Ref) http://www.medical-tribune.co.kr/news/articleView.html?idxno=67799

o2l 22




20160 ™
S=SA|HLC} H

HSSA| EAZHALe X|HO|% 7|&
- B8X|% 175mg/dL 0|4
~ &2 AHE 190mg/dL 0|4
— LDL EY2HE 115mg/dL 0| &
HDLEYAE|E 40mg/dL, 0I5}
Non-HDL cholesterol 150 mg/dL 0|4
Apolipoprotein B 100 mg/dL O] &

| 7-IA|-

dE2 =0/7] 2IH HISFA

A 7
(=] T
|38 A S4X|40| 440mg/dLE HE Z 20

X|4e 880mg/dL =1} I &H 2|
LDLEH AHZ 190mg/dL X1} eFH(OI"'zZi e 715

Ref) Eur Heart J. 2016 Jul 1;37(25):1944-58.
Ref) http://www.medical-tribune.co.kr/news/articleView.html?idxno=67799

o] =0flA| *EPEVOP*HI zlo] &

634 '

DAY =EF, HISAUK

Blood Pressure 136/85 mmHg

Total Cholesterol 220 mg/dL

HDL - Cholesterol 40 mg/dL

LDL - Cholesterol 130 mg/dL
(), Z7|dEEEAEE 7HEE()
7]: 1770cm H|3: 82kg BMI: 28.4
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ClinRisk
TLtie # Welcome to the QRISK®3-2018 risk calculator https://grisk.org/three

This calculator is only valid if you do not already have a diagnosis of coronary heart disease (including angina or heart attack) or stroke/transient ischaemic attack

Reset Information Publications

—About you

Age (25-84): 63

Sex: a amala

UK postcodBe=ieenresise e —

’7 Postcode: ‘
r—Clinical information

Smoking status:  non-smoker v

Diabetes status: |none ¥

Angina or heart attack in a 1st degree relative < 60?
Chronic kidney disease (stage 3, 4 or 5)?

Atrial fibrillation?

On blood pressure treatment? )

Do you have migraines?

Rheumatoid arthritis?

Systemic lupus erythematosus (SLE)?

Severe mental illness?

(this includes schizophrenia, bipolar disorder and
moderate/severe depression)

On atypical antipsychotic medication?

Are you on regular steroid tablets?

A diagnosis of or treatment for erectile disfunction?

r—Leave blank if unknown
Cholesterol/HDL ratio: 5.5
Systolic blood pressure (mmHg): 136

Standard deviation of at least two
most recent systolic blood pressure |7
readings (mmHg):

Body mass index
Height (cm): [170
Weight (kg): |82

About Copyright Contact Us Algorithm

Your results

Your risk of having 4 heart attack or stroke within the next 10 years

In other words, in a crowd of 100 people with the same risk factors as you, 12
heart attack or stroke within the next 10 years.

DOBDOOO!

EOOOC)
LOOLLVLOC)
CLLOLLROLES)

Risk of
a heart attack or stroke

Your score has been calculated using estimated data, as some information wa
Your body mass index was calculated as 28.37 kg/m.

How does your 10-year score compare?

Software

are likely to have a

s left blank

Your score
Your 10-year QRISK®3 score

The score of a healthy person with the same age, sex, and ethnicity”

Relative risk™
Your QRISK®3 Healthy Heart Age™

12%
7%
17
71

s cholesterol ratio of 4.0, s stsble systolic blood pressure of 125, snd BM:
Your relative risk is your risk divided by the hesithy person's risk

QRISKD2 Heslthy Hesrt Age is the sge st which & heslthy parson of your sex snd ethnicity
arISK®3 score.

This s the score of s esthy person of your age. sex and et roup e. wth 1o sdverse cinicalindicators and
25

has your 10-yesr

S 2

Off Al ~EfEl/opAm{ZI0Of EREANA?

Carotid Doppler

significant stenosis

at both carotid bulbs (<2.0mm thick) witho

Coronary CT angiography (CTA)

LAD proximal
LCX proximal
RCA mid

Calcium Scoring

with less than 30% stenosi

S

with less than 30% stenosis

with less than 309

118.2

nrlel2e PR Fhyelstn




Atherosclerosis YA A}

Coronary Calcium Score

Carotid Plaque Score

Coronary Heart Disease]

Carotid Plaque

L s s e
0 3 6 9

Years from Baseline Exam

12

Stroke/TIA]

Carotid Plaque

Cardiovascular Disease Coronary Heart Disease} Cardiovascular Disease .

[~ 0.50 S 0.50 i & i
=~ CAC Category a CAC Category 0.50 — 0.50
> — 400+ T — 400+ = %

© 0.40-| —100-309 © 0.40-| —100:399 0.40 S 0.40-
o =" « S =) 5 5

g 0.30- g 0304 g 0.30 g 0.30
[ * pes [ 2

2 0.201 2 0.201 2 020 £ 020
2 4 * 2 J 2 2

g 0.10 g 0.10 % 0.10 {_% 0.10
§ 0.00 £ 0.00 E 0.001 E 0.00+
o L e e e e L B e o L e e e e e e SRR ——T T o

0 3 6 9 12 0 3 6 9 12 0 3 6 9 12
Years from Baseline Exam Years from Baseline Exam Years from Baseline Exam

c D D

> Stroke i\i Stroke g

9 all = o <

% 0-50 9" cac category 5 050 cac catogory 0.50 1 carotia Prague £ 0.501
[ — 400+ — 400+ g
[p 0404 =i £ 0.404| =it 0404 =3¢ © 0.40-
2 - 4 —0 S =) §

8 030 5 030 8 0.30{— S 0301
o} 9, o}

S 0.20 8 020+ S 0.20-] $ 020
= 5} = ©

2 010 s 0.10- e 010 s 0.10-
' * 2 o I * 2

2 ‘é* © g E _,# =z

E 0.00 = 0.001 E 0.004 = 0.004
o L L L L L L L L L § T T T T T 1T T T T T T 11 T T T T T T T T T T T 1T g

0 3 6 9 12 [8) o

Ref) J Am Heart Assoc. 2017 Feb 14;6(2). pii: €005179.
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Atherosclerosis & A A}
Coronary Computed Tomography Angiography

FIGURE 1 Multivariate Cox Regression Model for Risk of MACE

12.00

10.00

8.00 4

6.00

Hazard Ratio

4.00 +

wlﬂﬂﬂ( m T -H

0.00 -1
MACE Death M

I-Nc.’mall =N tructive] £ 1-vessel 2-vessel obstructive £ 3-vessel obstructive/LM

MACE Death M
Adjusted HR (95% Cl) | P-value Adjusted HR (95% Cl) | P-value Adjusted HR (95% CI) | P-value
Raf Ref
= —
<0.001

Normal Ref Ref Ref Ref

= = = =
Nonobstructive 2.25 (1.66 - 3.05) <0.001 1.71(1.19 - 2.46) 0.004 3.03 (1.85 - 4.96)
&l pran: o) =oooT R L ) TeT xTaCEIE ) =oooT
7.55 (4.50 - 12.67) <0.001
11.71(7.04-19.48) | <0.001

2-vessel obstructve 346 (2.44-4.91) <0.001 1.46 (0.91 - 2.36) 0.117
3-vessel obstructve/LM 468(3.31-6.61) <0.001 1.70 (1.05 - 2.75) 0.030

Increasing number of vessels with obstructive coronary artery disease associated with a monotonic rise in major adverse cardiovascular events
(MACE) risk. O = confidence interval; HR = hazard ratio; LM = left main; MI = myocardial infarction; Ref = reference.

Ref) JACC Cardiovasc Imaging. 2016 Apr;9(4):364-372.

Atherosclerosis G

a. b. C.
(a) Mild CAC (score of 1). (b) Moderate CAC (score of 2). (c) Heavy CAC (score of 3).
Mild: 2.09 (95% Cl: 1.30-4.16) Moderate: 3.86 (95% Cl: 2.02-8.20) Heavy: 6.95 (95% Cl: 3.73-15.67)
National Lung Screening Trial (NLST)

In multivariate analysis of time to CHD death

None: reference

Ref) Radiology. 2015 Jul;276(1):82-90.
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https://www.mesa-nhlbi.org/MESACHDRIisk/MesaRiskScore/RiskScore.asp B e e

C €SA The Multi-Ethnic Study of Atherosclerosis

MESA 10-Year CHD Risk with Coronary Artery Calcification Back to CAC Tools

1. Gender Male Female

2. Age (45-85 years) 63 Years

’

4. Race/Ethnicity Choose One

Coronary Artery Calcification 100 Agatston

Caucasian
Chinese 5
African American

Hispanic

5. Diabetes Yes
6. Currently Smoke Yes No @
7. Family History of Heart Attack ¢ No @

(History in parents, siblings, or children)

8. Total Cholesterol 220 mmol/L

9. HDL Cholesterol 40 mg/dL  or 1 mmol/L

10. Systolic Blood Pressure 136 mmHg  or 18.1 kPa

11. Lipid Lowering Medication Yes No @
12. Hypertension Medication Yes © No

Calculate 10-year CHD risk

gstimated 10-year risk of a CHD event for a person with this risk factor profile including coronary calcium is
he estimated 10-year risk of a CHD event for a person with this g actor profile if we did not factor in their
coronary calcium score would b,

| 8.9%.
|

&« C @ httpsi//v

mesa-nhlbi.org/MESACHDRisk/MesaRiskScore/RiskScore.asp B x @ ¢ e

C €SA The Multi-Ethnic Study of Atherosclerosis

MESA 10-Year CHD Risk with Coronary Artery Calcification Back to CAC Tools

@

1. Gender Male © Female
2. Age (45-85 years) 63 Years
3. Coronary Artery Calcification 0 Agatston
4. Race/Ethnicity Choose One
Caucasian
Chinese 5
African American
Hispanic
5. Diabetes Yes No
6. Currently Smoke Yes No @
7. Family History of Heart Attack ¢ No @
(History in parents, siblings, or children)
8. Total Cholesterol 220 mg/dL  or 6.7 mmol/L
9. HDL Cholesterol 40 mg/dL  or 1 mmol/L
10. Systolic Blood Pressure 136 mmHg  or 18.1 kPa
11. Lipid Lowering Medication  Yes No
12. Hypertension Medication Yes @ No

Calculate 10-year CHD risk

estimated 10-year risk of a CHD event for a person with this risk factor profile including coronary calcium is
The estimated 10-year risk of a CHD event for a person with this risk factor profile if we did not factor in their
coronary calcium score would bd 4

Trel2 e RRY Jhyelstn



166 2021 H4=2z}

Of GlAH

JSHEeHS 2O
g RALE?

ol d ArA: Unstable Angina, M,
Transient Ischemic Attack [TIA], Stroke

Atherosclerosis Timeline Unstable
plaque
Endothelial Dysfunction —m8 —» ruptures

d Fibrous Complicated
n Atheroma Plaque  Lesion/Rupture
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Asymptomatic
atheroscleroti
plaque

Stable fixed
atherosclerotic
plaque

Stable angina

Plaque disruption

and platelet aggregation
Thrombus

Unstable
plaque

Unstable angina Non-ST-segment ST-segment
elevation MI elevation Ml
i ]
Acute coronary syndromes

Ref) Sminuteconsult.com

o{g/d ARdo| |itHE

2 XHof| 7| ofAm|Elo

Reduction of Atherothrombosis for ContinuedHealth (REACH) registry
prior ischemic event (n =21,724) vs stable atherosclerosis, but noprior ischemic event (n = 11,872)
prior ischemic event (defined as history of unstable angina, MI, TIA or stroke)
1X} Z = H: cardiovascular death, myocardial infarction, stroke.
b3t 41712
(HR 0.81; 95% CI 0.65~1.01; P=0.06).

: 274k 3671

7 95% CI 0.73~1.45;

Ref) Clin Cardiol. 2017 Sep;40(9):732-7309.

ozl f2

ol




168 2021 A2z}

Y g A

4391 o| H|H44d CAD EXH(1-49% diameter-stenosis) 241 (ASLCHH )

5-year occurrence of a composite of all-cause mortality, myocardial infarction, late
coronary revascularization 0= 2

o, M, DY, Y, YE, C S BT o MY cADS BEJ} o5
L Elo =3t (risk score 0-13, C-index = 0.716)

4 groups; 9| = 0-3 (R2 f1e), 4-6 (B¢ ¢

=2 ¢

Ref) Atherosclerosis. 2019 Nov;290:66-73.

(D-F) AlE2
D9 S0
Ho| ™o| &2 A=
I-|-.-| °'|:"'('r|-‘.’|;'|I x-|¢_ 0-3)4|A=
M o:|.|_|- A|-7'|°|
(HR, 2.57; 95% Cl, 1.34-4.90; p= 0004)

High- or very high-risk group (risk score 27) Intermediate-risk group (risk score 4 to 6) Low-risk group (risk score 0 to 3)

Aspirin use vs. No use < Aspirin use vs. No use s Aspirin use vs. No use
Lag-rank p 9
HR = 1.05 (35% C10.68 - 1.61), p = 0.831 s C1 0.89 - 1.76), p=0.184

— No aspirin use

>11.34 - 4.90), p = 0.004

No aspirin use

Aspirin use — Aspirin use

Ref) Atherosclerosis. 2019 Nov;290:66-73.
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oloi X
A X

95% Cl, 0.39-0.96; p=0.033)

oA=L L.

-3t BO|

High- or very high-risk group (risk score 27) Intermediate-risk group (risk score 4 to 6) Low-risk group (risk score 0 to 3)

2 g | 8
S| Statinuse vs. No use S| Statinuse vs. No use S| statinuse vs. Nouse
Log-rank p = 0.030 Log-rank p = 0.890 Log-rank p = 0.280
o H 8
27 HR=0.62(95% C10.39 - 0.96), p = 0.033 S| HR=1.02(95% Cl0.73 - 1.44), p = 0.880 S| HR=1.44(95% CI0.76 - 2.76), p = 0.267
— No statinuse — No statin use — No statin use
31 Statin use - Statin use Statin use
J 5
N — & ~ w3 5
3 — = | i g
= 5 s L~ 3
s l o - — i
S ¥ g = g
& T T T T T 2 T T L T T T T
o 1 2 3 4 5 0 1 2 3 4 5 o 1 2 3 4 5
Years Years. Years
No. at risk No. at risk.
No statin use 263 249 234 225 215 208 No stalin use 1198 1176 1160 151 1129 1107 1408 1399 1383 1387 1383 1375
Sttnuse 258 238 229 1 20 s Swnuse 851 802 P () 1z 763 a3 08 03 102 n 307

Ref) Atherosclerosis. 2019 Nov;290:66-73.

Nonobstructive CAD Obstructive CAD

(1-49% DS)

Normal
(0% diameter stenosis)

Risk Stratification
 Extent of coronary atherosclerosis
« Clinical risk factors

Lower risk of CV events
Comparable to “normal CCTA”

Higher risk of CV events
Comparable to “obstructive CAD”

) 4

~N

Benefit
from statin

Potential harm
from aspirin

.

Ref) Aylosclerosis. 2019 Nov;2
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Clinical and Population Studies

Prognostic and Therapeutic Implications of Statin and
Aspirin Therapy in Individuals With Nonobstructive
Coronary Artery Disease
Results From the CONFIRM (Coronary CT Angiography Evaluation For
Clinical Outcomes: An International Multicenter Registry) Registry
» CT angiography ZALE Ht2 27,1253 & nonobstructive CAD (1%-49% stenosis) 47063

o FHBEE Z7HF 27.274 & for all-cause mortality

Table 4. Cox Models for All-Cause Mortality in Patients With 84
Nonobstructive CAD -
Models Hazard Ratio* (95% CI) PValue & &
YAl patients (n=10418) N ° With Statin
Statin therapy 0.52 (0.34-0.79) 0.002 _ k3
ASA therapy 0.77 (0.53-1.12) 0.173 § °
Nonobstructive CAD (n=4706) @ 5 No Statin
Statin therapy 0.39 (0.23-0.65) <0.001 2
\_ ASA therapy 0.66 (0.42—1.04) 00704 g |
No coronary plaque (n=5712) e
Statin therapy 0.64 (0.30-1.37) 0.252 @
ASA therapy 0.73(0.37-1.47) 0.384 ° : 5 s 5 24 53 0 P P
CAD indicates coronary artery disease; and Cl, confidence interval. Follow-up Time (Months)
*Adjusted' for National Cholesterol Education Program/Adult Treatment Figure 3. Kaplan-Meier survival curves as a function of statin use
Program Il risk. in patients with coronary plaque.

St. Francis Heart Study
HHYSULESHTII =2 23 40

OtE = H{AE}El 20 mg, H|EFEI C 1 g daily, H|E}T! E(alpha-
tocopherol) 1,000 U daily2| =1}

Double-blind, placebo-controlled randomized clinical trial

1,005H 9

0
a
80 BTy ui&

T4, 7231 50~70 Al 49, @ U 0| Cfsy BASULEHST|
¢l == 0|¢ (Median 370), Oj & OtAm|El 81mg =&
Mean duration of treatment was 4.3 years.
I 3=H
— All ASCVD event: coronary death, non-fatal MI, coronary revascularization

procedures, non-hemorrhagic stroke, peripheral revascularization procedures.

Ref) J Am Coll Cardiol. 2005 Jul 5;46(1):166-72.
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St. Francis Heart Study

Zedr7l 22 5354 4AU0A OfEZHFAELEl 20 mg, HIEFE C
1 g daily, H|E}?I E(alpha-tocopherol) 1,000 U daily2| &1}

Table 2. Effect of Treatment on Clinical Events

Events Treatment Control p Value
Primary end point ]
All ASCVD* 34/490 (6.9%) 51/515 (9.9%) 0.08
Secondary end points

All coronary 31/490 (6.3%) 45/515 (8.7%) 0.13
Non-fatal MI/coronary death 9/490 (1.8%) 17/515 (3.3%) 0.14
All ASCVD after 90 days 30/486 (6.2%) 47/511 (9.2%) 0.07

*All atherosclerotic cardiovascular discase (ASCVD) events includes coronary death, non-fatal myocardial infarction (MI),
coronary revascularization procedures, non-hemorrhagic stroke, and peripheral revascularization procedures. All secondary end
points were pre-specified. A p value <0.05 notes statistical significance for the primary end point.

0.95 T ﬂmcm

—

0.90

Control

Probability of Remaining Event Free

0.75

Treatment (n) 490
Control (n) 515

Ref) J Am Coll Cardiol. 2005 Jul 5;46(1):166-72.

Is Plaque Progression Modifiable?
Atorvastatin 80mg, Rosuvastatin 40mg

IVUS Data Coronary Angiography Data
PLAC-1-P &
LCAS-P REGRESS-P
RS CCAIT-P ¢
REVERSAL- Prava 40 mg
2 .
MARS-P MASS-P
CCAIT-S
REGRESS-S

REVERSAL- Atorva 80 mg " MAAS-S
*

*
LCAS-S

o

40 60 100 120 140 100 120 140 160 180
ASTEROID- PRECISE- Atorva Alone- SAP
Rosuva 40 mg ¢ SATURN- Atorva 80 mg

¢ SATURN- Rosuva 40 mg

Angiographic MLD Decrease (mm

v
=
=
o
BN
o
E
E
o
=
[}
E
)
=4
]
S
<
-
1=
]
o
2
]
o
L.E
o
=)
I3
©
.=
(=}

Achieved LDL (mg/dl) Achieved LDL (mg/dl)

Ref) J Am Coll Cardiol. 2019 Sep 24;74(12):1608-1617.
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Atorvastatin 10mg, Rosuvastatin 5mg, Simvastatin 20mg S &

= 40% O|At9] LDL-C ZHA = 1}

Rosuvastatin 10mg/dayS A3

Atorvastatin 20mg/day £

=
E IVUS ZALZ 2SOl SAEsH Bl 21t

Ref) J Lipid Atheroscler. 2014 Jun;3(1):21-28.
Ref) Am J Cardiol. 2012 Jun 15;109(12):1700-4.

o|

O] 20| A O AEFEIS O
Rosuvastatin 10mg/day E£=
Atorvastatin 20mg/day £+

Pitavastatin 4 mg/day
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AELEl X| 20| = E5l1 LDL-C X ESH
ol EHAHE S+AHMH (CIME|IDE)E

o] = BR0l= AEHEILI2] oFH| (T E2j0]
2HE S+AHA (O ME|D[ ), HE L HAH)

Ref) 2019 Y%} 0|28 2717|8t OINRIDHS 4T =XIA

Study Design of EWTOPIA 75 @~

EWTOPIA75
I-FEFT5
275 years old at the time of enroliment H
Outpatients PROBE d_eSIQn
Serum LDL-C level >140 mg/dL Prospective Randomized Open-label
Male & Female Blinded- Endpoint

Assignment factors

gmlsr;:remzatlon method) Randomization |
e =
3. Maleffemale

[Inclusion criteria)
Patients with at least 1 of 7 conditions
1. Diabetes mellitus

4. LDL-C level B
2. Hypertension
Dietary counseling® Dieta!ry_counseling* + 3. Low HDL-cholesterolemia
only ezetimibe 10 mg/day 4 Hypertriglyceridemia
* Dietary counseling should be conducted based on 2007 Guideline for Prevention of ASCVD by Japan Atherosclerosis 5. smoking
6. Previous history of cerebral infarction

Society.
Follow-up for at least l
3 years documented by apparent clinical
symptoms and CT/MRI scanning
st el 7. Peripheral artery disease

Effect of ezetlmlbe treatment on the primary end-point ¢ '
® Enrollment period: February 2009 to Decemt of the o r}e/vems # EWIRB

® FOIIOW-up period: February 2009 tO March 2( (Sudden cardlac death, myocardial infarction, PCl or CABG, and/or stroke)

o 015
£ Control group
g Ezetimibe group
9 Hazard Ratio:0.659 (95% Cl, 0.504-0.862)
E 0.10 |
;— Control group p=0'002
5 005
. . . . § Ezetimibe group
Ref) Yasuyoshi Ouchi, M. D., Ph. D. University of g
Tokyo Late-breaking clinical trials session November = oo 3 T T T T T
. No. at Risk
10, 2018 Chlcago, IL, USA Control 1695 1582 1418 75 117 887 383
Ezetimibe 1716 1617 1445 1219 897 387
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g 00 ot Cardiac events

=3

% g HR(95% C1)0.602(0.370 to 0.979)

- 09 p=0.041

25 0.05

883 s

e 2 P=0.041

35

g5

TS 000 . T T ; .
0 1 2 3 4 5

No. at Risk Years

Control 1695 1603 1454 1260 920 405

Ezetimibe 1716 1629 1464 1249 919 402

Adverse events

Control group
(n=1,726)

Effect of ezetimibe treatment on cardio-, cerebrovascular events, incidence of adverse events and all-cause mortality

Respiratory 22 23
Gl & Hepatobiliary 24 21
Neurologic symptoms 13 6
Cardiovascular 14 23
Renal 8 5
Endocrine 7 5
Muscle & Bone 40 41
ENT 12 16
Urologic 4 4
Eye 3 il
|Skin 14 5!
Oral & Dental 0 1
Infection 4 3
|Abnormal Lab exam 7 3
Others 13 9
Total 185 166

#

AEHE ALE 1} Y

200 mg/dL O] 4

3l AE}EIQ|O

M= PCSK9 X H| 7}

- i ot
g% 0.10 comroimonn " Cerebrovascular events
E % R (95% CI) 0.781(0.549t0 1.112)
8> p=0.171
E2
] C
©2 ¢ 0057 N.S.

[0
o3
ol
s &
= C
2 o000 : . . ’ :
0 1 4 5
No. at Risk viears
Control 1695 1590 1435 1238 906 397
Ezetimibe 1716 1619 1447 1226 903 391
( 0.201 Eeetimbegoup All-cause mortality
Z ontrol group HR(95% C1)1.087 (0.885 to 1.337)
g 0.151 p=0427
g
g 0.10- N.S.
3
©
2 0057
<C
0.00 T T T T T
0 1 2 3 4 5
_ Years
No. at Risk
Control 1695 1608 1463 1268 926 410
Ezetimibe 1716 1630 1466 1252 922 403

=7ty
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2021 ESC Guidelines on cardiovascular disease prevention in clinical practice
Ref) Eur Heart J. 2021 Sep 7;42(34):3227-3337.

STEP |

Stop smoking, lifestyle recommendations and SBP <160 mmHg (Class 1)

Apparently healthy persons*

l

1

Age < 50 years

|

Estimate 10-year CVD risk

Age 50 — 69 years

|

Estimate 10-year CVD risk

Age 2 70 years®

|

Estimate 10-year CVD risk

» Comorbidities, frailty
« Patient preferences

SBP
<130 mmHg
if tolerated
(Class I)

AND

(SCORE2) (SCORE2) (SCORE2-OP)
i i W 1 2 A b hd t
<2.5% 25t0<75%) | 27.5% <5% 5to <10% =>10% <7.5% 75t0<15% 215%
Consider risk modifiers, Consider risk modifiers, Copfs;:er ri:rk TOdiffrs‘
lifetime CVD risk lifetime CVD risk Sl
9 g benefit’, comorbidities,
and treatment benefit} and treatment benefit} q
: . frailty, polypharmacy,
patient preferences patient preferences 3
patient preferences
No additional ' No additional No additional | = No additional
1 Pprevention 1 prevention prevention i prevention
goals H goals goals H goals
H SBP <140 LDL-C SBP <140 LDL-C
H to 130 mmHg AND <2.6 mmol/L w© 130 mmHg <2.6 mmol/L
"""""" if tolerated (<100 mg/dl) < if tolerated (<100 mg/dL)
(Class I) (Class lla) (Class 1) (Class llb)
STEP 2 l ‘ STEP 2 l

Intensified treatment based on:

® |0-year CVD risk (SCORE2)
o Lifetime CVD risk and treatment benefit®

High risk | Very high risk
<|.8 mmol/L | <1.4 mmol/L

(<70 mg/dL) | (<55 mg/dL)

For specific risk factor
management
in patients 270 years,

LDL-C (Class Ila) please see Section 4

@ESsc
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Patients with established ASCVD?

o T

Stop smoking SBP <140
and lifestyle to 130 mmHg
recommendations if tolerated
ass ass
Class | Class |
AND
LDL-C ) ;
>50% reduction and / \ Antllt_:rombotlc
<1.8 mmol/L (<70 mg/dL) (Clzzﬁ{
k (Class 1) )
STEP 2 l
Intensified treatment based on:
¢ Residual 10-year CVD risk*
e Lifetime CVD risk and treatment benefit?
« Comorbidities, frailty
¢ Patient preferences
SBP LDL-C Slialils
- novel upcoming
<,|30 mmHg AND <14 mmol/L AND interventions
if tolerated (<55 mg/dL) e
Class ) (Class ) (e.g. colchicine, EPA)
( (Class llb)

@ESsc

o SE(STEP 1)

BP % X|Ho| S CVD /¥ Wt E= SBP

>160 mmHgol| 7|

—
=

SBP <140 mmHg, U
mmHg7tX| ZA

LDL-C < 100 mg/dL

Bt K
]
4o

]
0% ox

42 SBP <130 mmHg
DL-C < 70 mg/dL & >50% Zt4
: LDL-C < 55 mg/dL & >50% Zt4

9 4 4% &2 253

SBP <140 mmHg, L{{2f40|
mmHg7t x| 22

LDL-C < 100 mg/dL

P R =
40 10

k1
o
oo

0% ox
o

e

42 SBP <130 mmHg
: LDL-C < 70 mg/dL 8! >50% Zt&
Xt LDL-C < 55 mg/dL & >50% Zt2

e

>70AM]

=¢ 3 de 53 2™
SBP <140 mmHg
LDL-C < 100 mg/dL

&

HEElE 8%

o
1

F7t 21" 291(CAC scoring, carotid plaque

By

S|EH, SHF &2 ol sixjo| Mz E 1

CKD &}

20f Ol MEF &3 A5}

2%

SBP <140 mmHg, L{{fH 0|
mmHg7t x| 22

LDL-C < 100 mg/dL ¥ >50% LDL-C Zt&

ol =
M

& Xk LDL-C < 70 mg/dL

ZtX}: eGFR<30 or eGFR 30—44+ACR >30
2tXt: LDL-C < 55 mg/dL

ASCVD EHx}

EEERERESE T
SBP <140 mmHg,
mmHg7tX| Z2

LDL-C 250% &4 % LDL-C < 70 mg/dL&

SEz otk Y5 27 AL Aot 2Y

Leraol 9l

LDL-C

DAPT,

ol -
AT

42 SBP <130 mmHg
< 55 mg/dL

Nz xlz¥e 712 nag 4 9t

Dual Pathway Inhibition, 23|%l,

OO|ZMHENE 5

Ref) Eur Heart J. 2021 Sep 7;42(34):3227-3337.




9|
(ASCVD) EX}(2X} ofl&h
| =7 10% O|&[QRISK H7I =1 (2SS <Chinese>Z d}11)]

3) fElL2t DX EX|2H EH =50 7|FE(=Updated ATP lll 7|F)

4) B4 HAH(Coronary CT angio, Carotid Sonography &)0|A| Atherosclerosis Lt

Plaque O] Y ZE|#L}, Low-Dose Chest CT(LDCT)0f|M 45
L

5) 8 79 ASCVD BHXHe AELEl X|&

o] Mz na{sji] Med

2EHEL M
— 1) 2%} 0f|Y: Rosuvastatin 10~20 mg, Atorvastatin 20~40 mg, Pitavastatin 4 mg

— 2) 1%} 0f|¥: Rosuvastatin 5~10 mg, Atorvastatin 10~20 mg, Pitavastatin 2 mg,

Simvastatin 20 mg, Pravastatin 40 mg
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a1 | N-telopeptide of type I collagen (NTX)
=< | C-telopeptide of type I collagen (CTX)

Free and total pyridinoline (PYD)
Free and total deoxypyridinoline (DPD)

FH IR
X ok
2>

AH !
~ | N-telopeptide of type | collagen (NTX)
C-telopeptide of type | collagen (CTX)
Bone-specific alkaline phosphatase (BSALP)
=¥84 | 54 | Osteocalcin (OC)
HEZZ | =< | Procollagen type 1 C-terminal propeptide (P1CP)

Procollagen type 1 N-terminal propeptide (P1NP)
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1) HEI B EE 422
2) ZLSS(HE2ES, EUEZ, 2% T4 -2.5 0I5h)

R
3) ZIFAZ0| A
® 29| 7|Et =4
@ 23 930| 2718 0|24 ol
® WHOOHH HAlet 104 W CHElEZEE A= 3%
O|HO|7 Lt =22 SH3S 24 ¢ §J57f UL 15%,
0|2 20% 0|49l 23S

O
eIz Yua

@® Calcium, estrogen: T-2t <-1.0

® SERM, vitamin D, BP
SSME T <25 (18)
- QCT <80 mg/cm? (14
- UEH:.I-_I_T 7k < 2 5 (67”—%)
- X_rayAI- _T'_E_I._T‘_ZAO-I _T'_Z-I (3I_|_)

=

(www .sheffield.ac.uk/FRAX, == 210ALS
4) A== 7|7k Y3zl vt glon LS =t © 322 HZ220H HE 27}
ofA|o| 70| et JHEst © ZEAHA2t 22 S2 HIEZ2YH YE s
< I AH O, 50M oj2k Y
> U2 ZYL0|| cfst %ﬂ 2z 2E
N S
/// 7\\\
S~ (o) == 0 y.
" IHlo] 25 U AR
SETAAA| 22 Foju
Bisphosphonate
10 mg 1213 d+4
Alendronate 70 mg 13 18] A (A, )
. 70 mg + 2800 U = 15|
Alendronate + Cholecalciferol 70 mg + 5600 1U 13138 B+
Alendronate + Calcitriol 5mg+ 0.5 ug 1¢913 &3
5mg 12913 2+
. 35mg (#8%) 1713 B (MARQE 232
Risedronate 75 mg 10 23] A7
150 mg 170 138 B+
. . 35 mg + 5600 IU 1218 2+
Risedronate + Cholecalciferol 150 mg + 30,000 IU 1742 18] 27
Pamidronate 30 mg 370 13 AF
150 mg 170 12 d+
Ibandronate 3img 3 13 A=
Ibandronate + Cholecalciferol 150 mg + 24,000 IU 170 13| B+
Zoledronic acid 5 mg 14 13 A= NS
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/\@ Ao 57 LAY

SETAAA 25 £ojy
Z2 12t zto ol 13| A Al

sMsEe E'strogeni-Progestogen =3 T2t 20| 1Y 1i| /A

Tibolone 2.5mg 1€ 13 3+

. Raloxifene 60 mg

MEHZ O AE 22 AL ZH% I )
= .0" =22 84 22 Raloxifene + Cholecalciferol 60 mg + 800 IU ol 15| =
(Selective Estrogen Receptor Bazedoxifene 20 mg 1913 3+
Modulator, SERM) Bazedoxifene + Cholecalciferol 20 mg + 800 IU
Z2| el o| AE 2 S3HA 19 13 34,

(Tissue Selective Estrogen
Complex, TSEC)

Bazedoxifene + Conjugated
estrogen

20 mg + 0.45 mg

AAtet P2t

2S5 oE 5

RANKL SA|A| Denosumab 60 mg 670 13| T|5tFA}
SYHHE2A| == Fojuy
BN EE Teriparatide 20 ug 19 13| T|5tFAL
TEeETTE Teriparatide acetate 56.5 ug 13 13| O|5HFA}
PTHrP SAHA| Abaloparatide 80 ug 1Y 13| I|5HFAL
. 170 13| o|5t=AH(105 mg)S
Sclerostin 2| Romosozumab 210 mg = —'?—@—‘?‘——?—IETOJ—’—-.‘— 23|
7|E} | 2% | o]y
Y HIED f\ﬂlz?cgigiltriol 8:?5;1;9 FERRRL S R 2 ] S
,//’ = \\
“ ‘ Z&/H|ERID
¢ Kl za/miED A
Calcium/Vitamin D X| K|
. 750mg 4001U
Cit | F Cholecalciferol
Iraca elemental Ca 158mg olecaiciiero (10mcg)
850mg .
Wondercal elemental Ca 178mg Cholecalciferol 5001V
. 12
Dicamax >0mg Cholecalciferol 10001U
@,2 elemental Ca 500mg
. 250m
Dicamax D Caleium elemen; ? Cag 1oomg Cholecaliferal 10001U
Hardcal carbonate 1500mg
Cholecalciferol 4001V
Chewable elemental Ca 600mg
- 500mg
Cicibon elemental Ca 200mg
3 IS
noe|2Y L2E Tyl gtat
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© Z'5: 1Y 800~1000 mg A% A
© H|EFTID: 1 800 IU M3 A&

(@]
i)

Ho| ¢
|4 20 ng/mL O]

=

i 30 ng/mL
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) @ High Dose Vitamin D?
In postmenopausal women with 25(OH)D levels around 20 ng/mL at baseline, high-dose vitamin D
increased calcium absorption by 1% with no effect on bone mineral density, physical function, or
falls compared to low-dose vitamin D or placebo.
In adults >70 years old, high-dose vitamin D promoted falls.
Vitamin D increased risk and duration of upper respiratory infections in adults.
Vitamin D had no effect on the risk of new colon adenomas.
* SEYSHAIE 2 25| S22+ US (U, =24, At 21E 371
W« A5 ZHO|L E40Y7t SHHE Z2 0|22 4 9IS
* A A0 g-30| SIAU =8 =7t Y2 BR ABdlE & US.
\ IS
© H|Z+ 7+ A 122 H|EIRID= HIEIZID §4&007F AAHLE
BEO07F HASHR| b8 202 FoistTt
© 2ted g2 HIEIDID E0A| @A 25(0H)D =42 MoK
=0EZ 022 25 €2 25(0H)D === 20 ng/mL 0|4,
2229 2|25 2I3H 30 ng/mL O|AH0| 2 &5,
50 ng/mlL O|AR2 T2517] 941, BH2tal52| Qict,
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A e Aok Eojgts Sz}
NBEHS, oY MY, obdZY, 12
SCI3So| §lQl Aol Last H2
Z 21CH 5 FF 3R A|2H A 13], HIEIDI D £0] 3-67HY £ A 23t THHS I5H AA| Al
Ayt flzlo2 5tg|, 0|F AN A 25712] 91
2 40% O| 4} S}A
D (D2, D3 Y total D)ZiAtE 1S Q1A

MEAR HIER- UL Y-UE )2 Q15 OfLIg

N
©\ - BYE Sk 24 304U, a0
M ZA2 Bisphosphonate S andronsic: WA @ Clel@a o8 240 27 815,
CEEFEER
s =23
5 mg/day
10 mg/day
Alendronate 70 mo/week 24| Jls)
5 mg + calcitriol 0.5 ug/day (&3 7ts)
70 mg + cholecalciferol 2800 IU/week
70 mg + cholecalciferol 5600 IU/week
5 mg/day
35 mg/week (B&3 7ts)
. Two 75 mg consecutively/month
Risedronate
150 mg/month
35 mg + cholecalciferol 5600 IU/week
150 mg + cholecalciferol 30,000 IU/month
150 mg/month
Ibandronate 150 mg + cholecalciferol 24,000 IU/month N
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)\ﬂ IV Bisphosphonate
= SRR} EorgtRO| M E £ HRIL QIS
= ZFAA0f HIsH Yo7t H D WESH 258 =Y & US.
H= Brpn= |OP LA
A SeETe <L 28, Sojy
ziss
Ibandronate r;\ }/_?3_ ﬁ,ﬂgir
mg / 3 months
Pamidronate o I’i‘ = 250-500 mLof|
E5510] 1-4A|?_F SELEIN
5mg/1
Zoledronate 152 0 |é+ gyuaai "
‘
G\
IV Bisphosphonate
© Foj
s ZEFAHAM = OHEL
o ZAUALAIOE °*%.”—H Za S2AE ddo AV SEE Y +ALBR
225 IEgoHOF =28
*0.45% 52 0.9% Me|AHS E= 5% EE G 10| S50, otEQE
(Ringer’s lactate solution)2 Z24AE "l 4175 HOHE Yo £+~ Ues=z
%ol-OHA-I CS O|-E|.
©® O|AtEtS
c SURAMSY, HEEES, AT]s o (FAADETA)
® a3
« ST AR, eSS, sH3E, AU, =7
‘
acjoleel FREH JhEolstat
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Bisphosphonate

712 AFBAl ZO A3
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oF2|| 2tad Edil 1| Al(Medication-Related Osteonecrosis of the Jaw, MRONYJ)

® Aol
- B £l DO BESAHA SPRE
S

o
- B S AL 1 EU/2] £50] 8F 04
- Eftof HAPIRZ2EHO0| gl= B

=

E4OA AL A A8

: =2/ 0.001~0.01%, = 0.04%, SLEZL0A ~1.7%
: Z/FAL BP 2|2 S2}of| M 1.04~69H/0~90%Y (100,0002+2}-
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Bisphosphonate

Y712 A EA| F2|Afe

oFA|| 22 Edi 1| AH(Medication-Related Osteonecrosis of the Jaw, MRONJ)
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Bisphosphonate
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B|sphosphonate

= §2|7|(Drug Holiday)

R E

= Bisphosphonate

.

[
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[e]
2A|Zel

ojo

Pal

with oral bisphophonate for 5 years

tients

or

with IV zoldedronic acid for 3 years
T

f Patients with high risk* ]

[ Patients without high risk

ngh risk

T-score still < -2.5 after
bisphosphonate therapy
Previous fracture of the
hip or spine

2ndary osteoporosis from
chronic diseases or
medication

Continue therapy and
annual BMD measurement.
Alternative therapy
may be offered.

I

[ Consider drug holiday

I

( Annual BMD measurement ]

]

]
)

If new fracture occurs,
BMD decrease, or
T-score reaches < -2.5,
restart therapy.
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cOAERU-TEAHAEH HEH
(Estrogen-Progestogen Therapy, EPT)
P20l e o

Conjugated equine estrogen
Estradiol valerate
Estradiol hemihydrate

Estradiol
Estradiol

172 ~ 1/40| SHiElE HEY2

(=220l AF8E= | AE2AN BEEY]

0.625 mg
2 mg
2 mg

50 ug
1.5mg
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Selective Estrogen Receptor Modulator, SERM

®OoAEZ Jloi Z2gtslf =22]0f| T2t AEZ A 2AEA S22 ZTA 2 A8
[ SERM2| &2
Triphenylethylenes | Benzothiophenes Naphthalenes m
Clomiphene
Tamo>_(|fen Ralox!fene Lasofoxifene Levormeloxifene Bazedoxidene
Toremifene Arzoxifene
Ospemifene

MEdH O AE R 223 2 A|(Selective Estrogen Receptor Modulator, SERM)

06 Raloxifene le—ﬁ
VISTA s o fms?:m !
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2 =823 23| (Selective Estrogen Receptor Modulator, SERM)

Moy a2 48

"4 Raloxifene

MEdH O AE R 223 2 A|(Selective Estrogen Receptor Modulator, SERM)

Bazedoxifene
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2| 22| (Selective Estrogen Receptor Modulator, SERM)

* 2Z 2UE ST+ ZH of|go| =2t (<< BP, Denosumab)

* FEIQtO| YAl 2|510| &=7{LT ket BrAiof CHE 20H40| e IE £ o4 0|M BCtES9
o} 2|20 =8

* HE SYAHE WM =1

* A&7 s2olof cHal S=2|7t et (< BP)

* OtHERO| B2 5 HA 27| A|H 5 A2 1

* Ci2| 55, AUHHZ S > o2 S 7| 5 HEf7H oj4e= B2 2|4 3Y A SCS1H

H3H0| 7HsE Wh7tA| EoF5tR| S

N

2| el o AEZZH S5
Tissue Selective Estrogen Complex, TSEC

@® ldeal SERM

E-antagonistic effect

E-agonistic effect
Endometrium, Breast tissue

Bone, Cardiovascular system

® TSEC
 new therapeutic drug in absence of progestin, for managing postmenopausal
osteoporosis and menopausal symptoms

DUA,

Conjugated estrogens Bazedoxifene CONIUGHTED ESTROGENS
BAZEDOXIFENE **
* D2 AHE A R} 2FZLiStof Cist S8 A/4ed ASE 712 SERME AtEsHY
LA AHES 222 QI0| AEZ T2 f FALSH &1t
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@ Denosumab

RANKL9-| ZFRO 0‘|Z-||o|‘

(* RANKL: 11} UMM ol E|= RANKR} &
EAWED)
> OIZAE9 J7|5E YAof0] S5 ZI4A/
» OE & S0O53 0E0M 39t 27 T MER
a4t (FR EDOI\/I study).
= Mz A OE SYUE SVt
= OFA| ZSCHA 1271 L 220 245 44

RANKL(Receptor Activator of Nuclear factor Kappa-B Ligand)0i| Cist At

25, iEl=, H|25 =20 68%,

|:|

_o'ﬂ
I-J
Fﬁ
>
2

U

FEMIE A2 M

III

Z25t0] Th= M| 2Lo|
40%,

20%

47t 2S5 S

wo.

4:
( )
A\ @ Denosumab
A2
4 242.7|
€ Denosumab Bisphosphonates Denosumab { RANK
. RANKL
* Fully human IgG2 monoclonal antibody to ‘ Sops
the receptor activator of nuclear factor-kB B o pore 3 penosumab
ligand (RANKL) v ?sfkiggé;gs‘g amri:,;'{éi v
« High-affinity and highly specific targeting -® oIRone s @
RANKL " o it
« Inhibition of osteoclast formation, function, 3P BP PO RANKL
. BP S V)
and survival B BP BEone
¥ ¥
@ Properties of a monoclonal antibody .%P
to inhibit RANKL s e
. ) P 2
+ Not mcgrporated into bone BF ge B b
« Fast action, reversible effect BPs cause loss of Denosumab blocks
. . . resorptive function, but osteoclast formation,
* No dose adjustment required for patients ‘disablec osteoclasts function and
with renal impairment may parsls survival
J Bone Miner Res 2004,19:1059; J Bone Miner Res 2009;24:182
IS
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Denosumab

Pharmacokinetic & Pharmacodynamic Properties

Large molecular weight > not metabolized or cleared by liver or kidney
(Clearance of denosumab likely involves IgG clearance processes as well as
clearance via specific binding and complex formation with RANKL.)

Bone turnover markers reduction within 3 days and sustained for up to 6 months

Median time to maximum denosumab concentration (T ,,): 10 days
Mean half-life is 25.4 days (SD 8.5 days)

Serum concentrations declined over 4-5 months
-2 670E 7422 60 mg O|5tFAH |, 3{E 2|, =5)

S

Denosumab

U715 AotALoM ALE

Not nephrotoxic; No renal clearance
Treatment efficacy and tolerability did not differ by CKD class

Dose adjustment for renal impairment is not necessary

- Contraindicated in patients with hypocalcemia
- Pre-existing hypocalcemia must be corrected prior to initiation.
- Adequately supplement with calcium and vitamin D in all patients

® CKD stage 4,5 5_ M F04 Al HLSES LS 2lall 1-272 299 HIEIRIDE
3 SofotH £0f 1-2% Lo 22 Za2 2LEYS

R EEEEECE LB

t
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® Sclerostin: osteocyteOf| M A4 E| 10 bone formationS A3t
® Sclerostin inhibitor: monoclonal anti-sclerostin antibody2A, sclerostin2 4|

7l LSS NLAZ|L, THEMEL| 858 ULAHA EEFE AAISHH, 222 T2,
® S0CHAk: Bisphosphonate &7t QAL AFR S
o+ = A= LS9 2US BF U5 oIt A B B
1) 65A1| 0|/g0| I[1|7=| k=3 04’8 3 o] gz  oi2 §s NER—
2) ?g_%_szf‘ Sd=22= Tl;ﬂl €25 o |Rm] %2 B e
3) 20H23 20| 274 0|4 Y R
= = x| =
° T017I7F 170 ZHHo 2 & 128|7HR| 2k Q1Y e e e e e
® o1 1d O|L{o]| 2B L L[ ZSS0| AAE =2 3 I
At 2 ARCH
A OOW o A nEA A AN AN @ 0 B
120 AL = SE5AAA AHE
NS
( )
— OF2|| AMEH
4 Rl
AACE (2020) Endo. Soc. (2020)
criteria treatment criteria treatment
- recent fx (<12 m) initiaIA ) A )
[ e whie' |1 (Siparaide | —
on therapy - abaloparatide - Abaloparatide
« T-score <-3.0 e - severe osteoporosis pa
very = high risk for fall | | g b - severe or multiple
high risk |« fx while on drug | | elm()’sumat VF
causing skeletal zowdronate
harm alternate
+ FRAX>4.5% (hip) | | alendronate
or >30% (MOF) - risedronate
initial
- alendronate - BPs
« T-score <-2.5 2
5 Spina b - nsleddronate i TRCOIBEi5 - denosumab
hiah risk fractures (>12 : ‘zioe:os’f::'\aatg - spine, hip fractures
9 months) -  FRAX 23%, 220%
° 2%23%’ alternate
= - ibandronated
- raloxifene
NS
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[ Bisphosphonate (BP) Only? First? ]

|

[ Long-term safety of BP? ]
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NS
BPs
SERMs Dmab TPT
& for 3 years (IV BPs)
for 3-5 years “ or 5 years (oral BPs) for 4-5 years for 2 years
sevaluate Switch to Stop BP Switch toTPT Continue Dmab Switch to
need for BP/Dmab Maintain CaVD or Dmab or BPs or Dmab
2°prevention. addTPT
Maintain Ca/VD Repeat DXA
every 2-3 years then switch to BPs
Repeat DXA for 12-24 mts
every 2-3 years
High risk defined as
(@) hip, spine or multiple fractures before or during therapy;
(b) femoral neck T-score <-2.5 SD if age <65 years, <-2.0 SD if age >65 years and/or frequent falls;
(c) continuing hormone ablative therapy (e.g., aromatase inhibition, androgen deprivation therapy);
(d) secondary osteoporosis, continuing glucocorticoid therapy
NS
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® =Y ZLES 50-60%, HEM & 07| 0 ZHHES 40-60%, HEH g =HES 20-30% 24|

°
o

3 QL () HM7ISHES, 3R

E|Z0|E &0, 15T, U

o
0o

=
T

® J|22Ak CBC, Z7Is, 224, 9, 2T, g0l ALP, Creatinine, M3, TFT
24M|7H AW Zhg, LLEE, AFA|0j2tE, ©-25(0H)D
LH, FSH, testosterone, estrogen

® ZJtZAAL PTH
24A|2t 2 72| DEIE E= OFZF HAIHERE AA| HAL
B U AN CHAT|AE HAL
n2atel 34y

A1 Z0|F &S (renal osteodystrophy)

> 2006, BRd2THE-0 7| 212215k (chronic kidney disease-mineral bone disorder, CKD-MBD)
CKD E2t0f| M 322 LBt St2}0] Hls 2-17H) &2 Bl=

CKD stage 3a (eGFR >45 mL/min)7tA|& S44 2l

CKD stage 3b (eGFR <45)2E{= CKD-MBDS ZSCIaZ0| 24510 22|
0|2} BEUAMMBIRIZ: cortical porosity0| 72|11 | 21 S|

- Bisphosphonate: eGFR(30 mL/minOilA] THE 517 TFZ R0 22 > 2AYSA AA|510] 2 ma|Z 23 otst

+ Denosumab: RESO|A] CHAL, eGFROf| ZtAH|I0| AFE 7HsSHLE CKD 2135t MSH AHZLEHS =2
> eGFR > 20 mL/min Of|A AL

* Teriparatide: 1Z58S, D24 S FAZ YISt =5 HuASHE0|M AL
S

= =
* Romosozumab: 2tM3|3} 2Ho = HAA A=t S71? CKD SA0|A B2 A7 ER

0
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7|t
=FIIZE|R0|E 7 0SS

8, HIEIID HETH IS M
1

e A= 38x/E2 Y8
SE— oM ojgt 40M 01y
AU AR | oo pawe e 1. BOHEE B W B
SO0l Rt A UM 2 ChEBBYUS EEMEBASZ- 2 504 OFA AT IR OROIN ChER
X BEAYSE W9} % (=301, prednisdone > 7.5 BUE E= QFBUC TAU < 25 %5&
2~3U0C} BUSZHALE mo/Y E= 3.FRAX (BRIT2E|T0IC SR 258t

Atisiol Axpasic, | 3 USIBBUC EENSBUCOIE 104 U R BCEE BuMYS >
241 2 10%/190]32, prednisoione 10% £=

275mg/ EE 4, FRAX (BRI T32E|T0|S S 2HSH
4 D8Y SFIATSE|T0|S A ) 102 L CHEIBEAEE > 1% E=
0A OF 5. 18 SRIAT2EITOIS AIZ
1
) L}
UL 7E5H0| U= oY AU 7EsH0| Si= ot Y
(BCIE3 X2 S0l YL AH8lsHx| pd=ct) v
4 1. IAZAZL{O|E: Z7HIE 24 ABSIT, Bk
UROR AT HAZARUO|E AR o 32 P ME
O|XPO 2 terparaiide AR 2. Terparatide
3. Denosumab
4, H|ARAR0|E, teriparatide, denosumab ARZ0|
E718 29 124 OROIMS SERM AR 12
NS
& O\
- O H}OF of 7 A E Zrtn=
/ A A OFZOFERA| AA|A| AP HHH SLES
o QEZAUOZRE O|AEZZS g/dst=0 B4 240! OLZ20IEtAH|E AA|5H= OLZOHELA| HA|A|:
letrozole, anastrozole, exemestane
o ZULT} ZASHN ZHo| YUl 0| SVt 5F S 20%0M 2EE B
® T-2r<-2.0¢m 2|z A2 HD
T-2f>-2.0 O[2t U4 2AHRIASO| JUCHH 2|25 M1, OtZDtELA| AA|H| SEA|ITHA| 2|2 A%
e 2 RCT 2Vt U= 2kA|: zoledronate (670" 2HHA2 2 4 mg £0), denosumab
NS
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oF2 (Profile)

1999 .03 .01 ~ 2005 .02 .28 .
2009 .03.01 ~ 2013.02.28: M=CH
2013.03.01 ~ 2016.02.28: A =CH
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2005 .03.01 ~ 2006 .02 .28 : AMSCHst
2006 .03.01 ~ 2010.02 .28 : MSCHst
2010.04 .19 ~ 2013.04.18: HAHEX|
2013.05.01 ~ 2015.04 .30 : AMSCHst
2015.05.01 ~ 2016.02.29: M2CHstw | AL ZAL
2015.08.01 ~ 2016 .02 .28 : Research Fellow, Calgary Stroke Program,
University of Calgary (FHLIL})

2016 .03.01 ~ 2018.08.31: 12{CHstm LEH AMA D}

2018.09 .01 ~ 2020.02 .29 : 1Z{CHstm o|zchst (ma{ch
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—
www.nature.com/scientificreports
natureresearch
Benjamin Mayne®', Oliver Berry (%, Campbell Davies 2, Jessica Farley? & Simon Jarmant?
Biological ageing and its mechanistic underpinnings are of immense biomedical and ecological
significance. Ageing involves the decline of di iological functions and places a limit on a species
maximum ifespan. Ageing & ic changes i i
density of CpG sitesin gene t
which are targets for ith lif Using 252 whol nd
databases of animal age and promotor sequences, we show a pattern across vertebrates. We also
derivea predldlve lifespan clock based on CpG density in a selected set of promoters. The lfespan clock
lifespan il R?=0.76) from PG hir
only 42 selected promoters. Ourlifespan clock provides a wholly new method foraccurately estimating
lifespan using and enables esti of thi ing parameter for both
poorly understood and extinct species.
a Training dats, R¥= 078, pvalue < 22 x 1% b Testing data, R = 0.76, pvaue <2.2x 10
6 .

Prodced Uiespan (n)
Eradcnd Uiespan (n)

o Regtiia

Keoun Lseagan fe) Known L fesgan )
Figure 1. Lifespan Estimation from CpG density with lifespan loci. The correlation between the known and
predicted lifespan in the (a) training and (b) testing data set. Colours denote the class of each species. The R*
value and p-value are given above each plot.
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6‘ Little bush moa
/ Passenger pigeon

A Neanderthal & Denisovan

m Woolly mammoth
m Straight tusked elephant

d Pinta Island giant tortoise

African bullfrog
African Wild Dog
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Early modern human
S0 Uaay

Chimpanzee

Komodo dragon
48 year
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Sperm Whale
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Alzheimer’s original patient
: Auguste D. May 1850 — April 1906

)

gl /2
. -

.

/ A

Bussiére et al. J Comp Neurol . 2003;463: 281-302

£ X http://brainpathology.upmc.edu/
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IEY e, DXES
50| A= Fe, E 54
2L A2 ERNFTE
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339 2= st Ko
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1. ZYK|Of M E. https://www.nid.or.kr/info/diction list4.aspx?gubun=0402. accessed on Feb 2019

DY, G, AXEB0 e M X2 U | FMo| A2 ofAn|Zl § FELAE U FEHFXE
QIX|7|5 7 & 21Tt 2E X 2 (ACEI, NMDA receptor antagonist) + H| 22X X| 2
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Available AD treatments

429 HES 2 X85 24 2 H|3
Donepezil Aricept 5, 10mg Mild to Severe AD qd 5mg, 4~6wks
VaD > 10mg, 3mths
23mg Moderate to Severe > &g
Galantamine Reminyl PR 5, 16, 24mg Mild to Moderate AD  qd 8mg, 4wks Death risk in
capsule > 16mg 4wks McI
> 24mg
Rivastigmine Exelon 15, 3,45, Mild to Moderate AD  bid  1.5mg/bid, 2wks
capsule 6mg Mild to Moderate > 3mg/bid, 2wks
PDD > 4.5mg/bid, 2wks
> 6mg/bid
Exelon patch 5, 10cm? Mild to Moderate AD  qd 5cm?, 4wks
(9, 18mg) Mild to Moderate =  10cm?, 4wks
PDD > 15cm?

15cm? (27mg)  Severe AD

NMDA receptor blocker

Memantine Ebixa 10mg Moderate to Sever bid  5mg/qd, 1wks
AD > 5mg/bid, 1wks
- 5mg/10mg,
1wks
> 10mg/bid
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AD treatment over the past decades

O 1999

81996
ARICEPT®
v )
1993
Tacrine

Rivastigmine

O 0'2003
2001

Memantine
Galantamine

MOA of Donepezil

Presynaptic Dendrite Postsynaptic
neuron \ neuron
( /
=X \

< r—=. - —_—
> A e
" Axon Axon

terminals
at synapses

Y
7!‘
Synapse

Y
4

<Neuronil Synapse2| x>

Acetylcholine

Rocoptors

o a Acetylcholinesterase

Fig. 1. After signalling, is
to be recycledina

down by acetyl-

<Ach2 2HI2t HH>

* Acetylcholine : A ZHIZ0IA HE ML= 0HH — &= Al 2HI.

= Acetylcholinesterase (AChE) : acetylcholine€ M H — Qt&J|2 S0t2 M

(X=1
S.
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MOA of memantine combination
therapy with ChEls

Cortex

f\ =
)

\ NBM

@ Amyloid beta
© Glutamate . Donepezil
© Acetylcholine @ Memantine

MOA of Ebixa : NMDAR antagonist

Rest Pathology Physiology

®e ca?®, ()
e 0, %g -

Dementia

Ebixa
treatment
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Choline @ Acetylcholine
AChE : Acetylcholiesterase
Donepezil ChAT : Cholineacetytransferase
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ZH2HEFD] (arzgy gyo) )

< | il = Reminyl™
| —— -

N 4

Nicotinic Acetylcholinesterase
modulation inhibition

Maximises cholinergic

function

B-amyloid

=
© &
@D
§) Memantine
XOOCOCo

Parsons et al. Neuropharmacology 2007; 563: 699—723; Albrecht et al. Poster presented at Society for Neuroscience, 2008
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Dopamine Norepinephrine
& Histamine & Acetylcholine

Cognition : Vigilance
(Mental Aleriness) ATtention (custained Concentration)
Work Memory Compulsion* Transition Obsession™
Clarity Seaation® Recall Memory Doubt®
Motivation Apathy~ Perseverance Hesitation~
Appetite Intuition

Deficits

*Distraction

Serotonin
& Glutamate

Perception
(Sencory Satisfaction)
Learning Memory Paranoia*
Pleasure & Pain Insensibility®
Relaxation Anxiety~,

AMmpairment
~Fatigue
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* Nootropics (choline alfoscerate, acetyl L-carnitine, oxiracetam)
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