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Flaccid state

Dorsal veins

Adrenergic fibre

Dorsal art
Norepinephrine ? RESoY.

Smooth
muscle cell

Tunica o
albuginea Helicine
artery
Trabecular Cavernous
Endothelial cell smooth muscle Urethra artery

Yafi FA, et al: Nat Rev Dis Primers. 2016; 2: 16003



Erect state

b Dorsal veins

Expanded
Ca?* sinusoid
channel

Helicine
artery

<3 Acetylcholine

Trabecular Cavernous

Endothelial cell smooth muscle Urethra artery

Yafi FA, et al: Nat Rev Dis Primers. 2016; 2: 16003



Erectile function by age

<40

40-50 years

50-60 years

60-70 years

>70 years



Prevalence (%)

MMAS: Age-adjusted progression of ED
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704 B Moderate ED
60 - O Minimal ED
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40 -
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O | ] | | 1 ]
40 50 60 70
Age (y)

Feldman H, et al: J Urol, 1994; 151:54-61



BPH-LUTS and erectile dysfunction



Cardiometabolic Risk Factors of ED

CARDIOMETABOLIC RISK FACTORS

Hypertension Diabetes Dyslipidiemia Obesiity
Smoking Aging

Intrinsic Susceptibility - Genetic / Environmental Factors

ENDOTHELIAL DYSFUNCTION

Local Vasoconstrictive

‘ NO/eNOS
f Madiators
Oxidative Stress/ Altered Cell Junction
Redox Imbalance Permeability
CLINICAL SEQUELAE
Inflammation Atherogenesis
(leukocyte infiltrale) (lipid accumulation)
Hemostasis Vascular Remodeling
(platelet aggregation) (smooth muscle proliferation)

® 2017 Vasoconstriction

|
S
@ U A (blood flow) MusickiB et al:

m : J Sex Med. 2015; 12(12): 2233-2255.



Association of Erectile Dysfunction With Undiagnosed

Hypertension, Hypercholesterolemia, and Diabetes

Among Men Aged =220 Years in NHANES

Undiagnosed Hypertension (n=2,224) Undiag d Hyperchol lemia (n=2,287)

Characteristic

Unadjusted OR (95% CI) Adjusted OR (95% CI) Unadjusted OR (95% C1) Adjusted OR (95% CI) Unadjusted OR (95% C1) Adjusted OR (95% CI)

Undiagnosed Diabetes (n=1,417)

4.58 (2.54--8.24)

0.73 (0.47-1.15) 0.67 (0.42-1.07)

“Erectile dysfunction 2.35(1.78-3.11) 1.27 (0.87--1.85)

Age-group, ¥
20-39 (ref) 1.00 1.00 1.00 1.00 1.00
40-59 2.47 (1.69-3.61) 2.38 (1.55-3.66)" 1.88 (1.25-2.84) 1.84 (1.24-2.75)" 8.24 (2,49-27.19)
=60 7.29 (4.90.-10.84) 7.41 (4.43.12.37)% 1.12 (0.76-1.65) 1.45 (0.87-2.43) 14.83 (5.19-42.34)
Ethnicity
Non-Hispanic white (ref) 1.00 1.00 1.00 1.00 1.00

0.78 (0,39-1.56)
0.25 (0.11-0.58)
1.21 (0.46-3.15)
0.70 (0.33-1,47)

1.99 (1,34-2.97)%
0.90 (0.60-1.35)
0.92 (0.46-1.85)
0.84 (0.62-1.13)

0.87 (0.54-1.40)
0.97 (0.65-1.46)
1.37 (0.77-2.44)
0.84 (0.60-1.18)

1,47 (1.07-2.02)
Mexican American 0.64 (0.41-0.98)
Other 0.66 (0.34--1.30)
0.99 (0.77--1.28)

0.76 (0.47-1.23)
0.92 (0.64-1.31)
1.13 (0.64-1,99)
0.82 (0.59--1.14)

Non-Hispanic black

Physically active
Alcohol use
Never (ref) 1.00 1.00 1.00 1.00 1.00

Former

Current
Current smoker
History of hypertension
History of high cholester
History of dinbetes
History of cardiovascul
Family history of hype
Family history of angina/heart attack

1.18 (0.74-1.90) 1.36 (0.65-2,86)

0.59 (0.38-0.92)

0.68 (0.41-1.13) 1.12 (0.71-1.78)

Family history of diabetes 0.93 (0.74-1.18) 1.02 (0.78-1.32) 1,33 (0.95-1.87) 1.30 (0.92-1.84) 2.24 (1.40-3.59)
Weight status
Normal weight/underweight (ref) 1.00 1.00 1.00 1.00 1.00
Overweight 2.10(1.45-3.04) 1,75 (1.15-2.67)" 2,23 (1.51-3.30) 2,17 (1.46-3.23)% 2.83 (0.74-10.81)
Obese 3.11 (2.18-4.46) 2.37 (1.64-3.43)" 2.79 (1.70-4.58) 2.74 (1.68-4.47)" 5.98 (1.69-21.10)

2.20 (1.10-4.37)*

1.00
5.56 (1.78-17.35)"
8.70 (2.91-26.03)"

1.00
1,25 (0.57-2.71)
0.53 (0.21-1.33)
2.39 (0.87-6.55)
0.73 (0.35-1.55)

1.00
1.42 (0.47-4.30)
0.67 (0.29-1.55)
1,00 (0.41-2.41)
1.83 (0.92-3.65)
1.55 (0.81-2.99)
n/nh
0.46 (0.18-1.17)
0.96 (0.54-1,72)
1.26 (0.50-3,14)

2.35 (1.50-3.68)"

1.00
2.28 (0.74-6,99)
3.60 (1.30-9,93)"

n/a = not applicable; NIHANES ~ National Health and Nutrition Examination Survey; OR = odds ratio; ref = reference group.

“Statistically significant (#* <.05),
PMen with previous history excluded,

Sceldon SC, et al: Ann Fam Med. 2015; 13(4): 331-335.



Association between metabolic syndrome (MetS) at baseline and incidence of
major adverse cardiovascular events (MACE) during a follow-up of 4.3 years

18-52 years B
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2002011 20112012 20122013 20132014 20142015 Rastrelli G & Maggi M: Trans| Androl Urol. 2017; 6(1): 79-90.
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e ED is an independent marker
of increased risk for CVD.

e The relevant CV risk is higher
in men 40-49 years with ED (Vlachopoulos et al. 2013)
and those with diabetes (Miner et al.2012)




Risk Factors for CAD and ED

CAD

= Age

= Dyslipidemia

= Hypertension

= Diabetes

= Smoking

= Sedentary lifestyle
= QObesity

= Depression

= Male, post-menopausal
female

ED

= Age

= Dyslipidemia

= Hypertension

= Diabetes

= Smoking

= Sedentary lifestyle
= QObesity

= Depression

= CAD, peripheral vascular
disease
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] UT Figure 1 [ Organic causes of erectile dysfunction

3% 1%

Endocrine Unknown

9%

Neurologlc

6% “ Vascular

Pelvic surgery
or trauma

Medication

Diabetes

Source: Adapted from Shabsigh R, MD, Lue TF, MD. "A Clinician’s Guide to ED Management.” New York:
Haymarket Media Inc., 2006




Diabetes Mellitus

[ Hyperglycemia Insulin Resistance Excess Free Fatty Acids Inflammation \

1) Receptor for Advanced Glycation End Products (RAGE) Activation l
2) Protein Kinase C Activation
3) Oxidative Stress !

P e

-
— ~\__.
TSN

Diabetic p Endothelial
Nephropathy \z & dysfunction

Atherosclerosis

Thrombosis

N - < , ~
| N =
S ———_ - -
h SIS = U nt

Potential coadjuvant
therapies
I KEFIR for diabetic complications

) D[ sioenari |

T Nitric oxide
¥, Reactive oxygen species
T Endothelial progenitor cells
4 Blood pressure
J Glycemia

Costa Perreira TM et al: Int. J. Mol. Sci. 2016, 17(8), 1273 I
| poLvPHENOLS |
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Hyperglycaemia

1 1

AGEs Oxidative stress

Castela A & Costa C: Nature Reviews Urology 13, 266—-274 (2016)
Nature Reviews | Urology



Mean HbA1c levels by erectile dysfunction status at EDIC year 10
adjusted odds of erectile dysfunction per 10% higher HbAlc levels

Mo Erectile Erectile
Dvsfunction Dvsfunction
%o Increase in Odds per 10% Higher HbAlce(95% Adjusted P
N Mean+SD N Mean+SD cn> value
A.DCCT HbAle (1983-1993)
Primary Prevention Cohort 230 B.06£1.34 6l B.68+1.67 21.5%6 (1.2, 46.0%) 0.04
Secondary Intervention Cohort 209 T.RO£1.25 71 23.63x1.30 55.0%a (27.4, BB.5%a) <(L0001
B. DCCT/EDIC HbAle (1983—
| 2003)
| Primary Prevention Cohort 230 T.9440.99 a0 3.73x1.32 T4. 4% (34.4, 126%0) =0L0001
Secondary Intervention Cohort 209 T.90£1.00 a9 B.561.04 9QT7% (51.2, 256%a) <0000 1

Wessells H, et al: J Urol; 185(5): 1828-1834.




Vascular: Glycaemic Control Correlates
with ED Romeo et al T Urol 2002

N
)

N
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-
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(4]

n=78

SHIM score (lIEF questions 1-5)

o

<6 6.1-7 7.1-8 8.1-9 >9 HbA1c [%]



with diabetes have
nerve damage which
Impacts the neurological
response and limits the
signal to increase
arterial blood flow."

O © 0 0 06
170% 'I"E'N"I‘
Up to 70% of people wﬂ

http://www.webmd.com/diabetes/risks-complications-uncontrolled-diabetes



ED in Men With Diabetes

100 W Age 20-34
B Age 35-49
Age 50-58

o]
<
%
g
5
g

Absent Present Absent Present
Feripheral Neuropathy®  Autonomic Neuropathy™

*Slgnificant association with ED. McCulloch DK et al. Diabetologis.
1980:18:279-283.




Diabetic Peripheral Neuropathy

Nerves and Blood Vessels

Healthy Nerves and
Blood Vessels . s i

Unmyelinated
nerve fiber

Damaged unmyelinated
nerve fiber

vasa

Myelinated fib
yelinated nerve fiber R

Vinik Al. Drabetic Microvascular Complications Today. 20063:23-26. Nlﬂlscape



Small-fibre neuropathy in men with type 1 diabetes and erectile dysfunction: a cross-sectional study

» Neuropathy assessments for control participants vs participants with type 1 diabetes mellitus and no erectile dysfunction vs type 1 diabetes and

erectile dysfunction

Variable

Control participants (n = 34) Type 1 diabetes, no ED (n = 29) Type 1 diabetes, ED (n = 41) p value

NSP (/38)2

Neuropathy Disability Score (/ 10)a
VPT (V)?

Sural nerve amplitude (pV)a

Sural nerve conduction velocity (m/ s)a

Peroneal nerve amplitude (rnV)a

Peroneal nerve conduction velocity (mls)a

CT (°C)2

WT (°C)?

IENFD (n/mm)?

Automated CNFD (n/mm>)?
Automated CNBD (/mm2)?
Automated CNFL (mm/mm?2)?
DB-HRYV (beats/min)2

0224 0:19%%

0.7 4+ 0.2%**

6.2 4+ 0.9%**

1779 -] Sk
49.0 £ 0.6%**
6.2 %= D 3%*

48.8 £ 0.7***
28.2 4+ 0.4***
37.6 £ 0.7*%**
10.5 £+ 0.7%%*
30L]) £ ] 2%
37.1 2 7eE
17.1 £ 0.6%**
1Y) = 25 %E%

18212

2.8+0.7

10.7+2.4
1. 715
426+ 1.9
4.7 x+0.5

41920
273+ 1.8
39.0+0.9
59+0.7

239+2.0
31.6+3.3
145+1.0
30.0 3.7

53+£09
4.1+06
1883+ 1.9
5.0+1.1
379+ 1.4
2.1+04
348+ 1.5
197+ 1.4
429+ 08
2.8+0.7
126+ 1.5
127+ 25
83+0.7
21.54+3.1

0.03
0.1
0.02
0.002
0.07
<0.001
0.01
0.003
0.005
0.008
<0.001
<0.001
<0.001
0.001

Data are means = SEM

2Adjusted for age using ANCOVA

***p < 0.001, control participants vs men with type 1 diabetes mellitus

p value is for comparison between participants with and without erectile dysfunction

FMNM eracntila Avcfinatinn

Azmi S et al: Diabetologia. 2017; 60(6): 1094-1101.



Corneal confocal microscopy (CCM)*

CCM images of the corneal sub-basal nerves of: (a) a control participant; (b) a participant with type 1 diabetes mellitus and no
erectile dysfunction; and (c) a participant with type 1 diabetes mellitus and erectile dysfunction. Scale bar, 50 um

Azmi S et al: Diabetologia. 2017; 60(6): 1094-1101.

*CCM is a rapid, non-invasive ophthalmic examination technique that objectively evaluates small-fibre neuropathy in
patients with diabetes and is comparable with skin biopsy in the diagnosis of diabetic neuropathy
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Suggested recommendations on lifestyle changes

to be observed in order to prevent/treat erectile dysfunction

Table 1: Suggested recommendations on lifestyle changes to be observed in order to prevent/treat erectile dysfunction

it

Sedentary lifestyle Physical activity 30 min at least per day or 150 min week ! A*
of moderate intensity aerobic activity

Overweight/obesity Weight loss 5%-10% of weight reduction A*

Unhealthy diet Improvement of diet quality Increase in consumption of fruit A*
and vegetables, whole grains and legumes;
limit red meat and processed food;
reduction of saturated fat to <10% calories,
increase in intake of momounsaturated
and polyunsaturated fatty acids; abolishment

of added sugars-beverages
Alcohol abuse Avoid excessive alcohol consumption 1-2 drinks maximum per day B
Cigarette smoking Educate on current cessation options Smoking cessation B*

A: evidence from intervention studies, B: evidence from prospective cohort studies or case-control studies. *Few studies with small number

m MaiorinoMI et al: Asian Journal of Andrology (2015) 17, 5-10



FEATURES OF ED DRUGS

AVANAFIL VARDENAFIL SILDENAFIL TADALAFIL ALPROSTADIL
oral tablets or |
MODE OF Oral disintegrating Oral g Oral Q Penile 7
ADMINISTRATION | tablets . oral tablets tablets 1+ » tablets 1+ » ' injection
= M == mg mg 50 = mg ug
DOSAGE = = 25 = 10 20| 20
=1002=200 | —10s =20 ZEI00! O _imm == 4
usual MAXIMUM _ = e |
daily dose MES me " = m g0 | 40 @
(in mg@) = = 200 = 20 = 100 === | —
?riurf\' cti:'Tge irr‘s:g: d hours . About hours £ & About hours £ %  About hours 4 % : hours . -
to drug action (in hoyrs) / 0,5 Q 1 O 1 O 1-2 | o) 0,2
usual duration LT b |
of action since np >6 Y 6 12 | ey 612 | i P 12
drug intake (in hours) up to 36 ;
. ¥ES YES YES | YES 'NO

— SOURCES: Hatzichristou D. Erectile Dysfunction. In V. Mirone: Uroandrology, Springer, 2014



@7»

syndrome . —
e Coronary
Artery
. . Disease
Pleiotropic o Teast
beneficial
dystameaton effects

of phosphodiesterase
type-5
inhibitors

Peripheral
arterial
disease

-Pulmonary
arterial
hypertension Raynaud’s
*High-altitude phenomenon
pulmonary

Schwartz BG et al: Am J Med 2013;126(3):192-9 Chrysant SG,
Chrysant GS.: J Clin Hypertens 2012;14(9):644-9

source: www.imop.gr



PDES inhibition improves coronary artery
endothelial function

24 patients undergoing cardiac catheterization for chest pain and/or abnormal noninvasive
cardiac investigations (CAD, n = 15; angiographically normal arteries, n = 9)

Constricting segments Dilating segments
(Endothelial dysfunction) (Normal endothelial function)
2.5 - 2.5 -
N Sildenafil Sidenets
Epicardial
diameter 2.0 - 2.0 4 L_./_T
(mm) P < 0.01 P < 0.01
Saline Saline
1.5 T T T 1 1.5 T T T 1
Baseline 3 30 100 Baseline 3 30 100
Acetylicholine (ug/min) Acetylcholine (ug/min)

Halcox JPJ, et al. J Am Coll Cardiol. 2002:40:1232-1240.



PDES inhibition: Dose-dependent effect on
endothelial function in patients with heart failure

Change 1n flow-mediated dilatation (FMD) from pretreatment

@® Sildenafil 50 mg @ Sildenafil 25 mg ® Sildenafil 12.5 mg @ Placebo
6 —

“7 = = = 1<i —
Change -

inFMD o _| ./‘\I P<0.05| P<0.05
(%)

Time (minutes)

Katz SD, et al. J Am Coll Cardiol. 2000:36:845-851.




Chronic Treatment with Tadalafil Improves Endothelial Function in Men
with Increased Cardiovascular Risk

. BB
2 10
s |
g s
A
o (' — ——————
= :
(SR T
5 2
=
O F— . - S
Baseline 4 weeks 2 weeks after
discontinuation

| @ Tadalafil ® Placebo |

Percent change compared to baseline in endothelial function (FMD) in patients treated with tadalafil and placebo after
4 weeks of therapy with Tadalafil 20 mg on alternate days and after 2 weeks of discontinuation of therapy

Rosano G et al: Eur Urol. 2005;47(2):214-20



Das A, et al: Pharmacol Ther. 2015 Mar; 147: 12-21.

ate 4

Contractile function @ ' Cell death




Records identified
through database
searching
(n=321)

: .
[ I

Records identified
through other sources
(n=8)

Phosphodiesterase-5 inhibitors for Redoids after
erectile dysfunction in patients with i
diabetes mellitus: A systematic I
review and meta-analysis of
. . Records screened Records excluded
randomized controlled trials (n = 329) (n=271)

l

Full text articles
assessed for eligibility
(n =58)

Full text articles
excluded (n = 41)

)

Studies included in
qualitative and

Balhara Y et al: Indian J Endocrinol Metab. 2015; 19(4): 451-461. q"a"tit(ati"e 5\)'"”‘95‘5
n=17




Phosphodiesterase-5
inhibitors for erectile
dysfunction in patients
with diabetes mellitus:
Number needed to treat
(NNT)

Balhara Y et al: Indian J Endocrinol Metab. 2015; 19(4): 451—%’1\.|

NNT for placebo controlled studies

Author, year Active compound NNT
Price et al., 199827 Sildenafil 25 mg 2.5
Price et al., 1998I23] Sildenafil 50 mg 2.4
Rendell et a/., 1999124 Sildenafil 25-100 mg 22
Boulton et a/., 20011271 Sildenafil 25-100 mg 1.8
Tejada et a/., 20021281 Tadalafil 10 mg 3.2
Tejada et al., 2002128] Tadalafil 20 mg 2.6
Goldstein et a/., 2003127 Vardenafil 10 mg 4.0
Goldstein et a/., 2003127 Vardenafil 20 mg 3.6
Stuckey et al., 20039 Sildenafil 25-100 mg 3.3
Fonseca et a/., 20043 Tadalafil 10 mg R
Fonseca et a/., 2004131 Tadalafil 20 mg 2.2
Safarinejad, 20041321 Sildenafil 100 mg 2.7
Ishii et al., 200634 Vardenafil 10 mg 4.5
Ishii et af., 200634 Vardenafil 20 mg 3.6
Ziegler et al., 200613 Vardenafil 5-20 mg 5.0
Hatzichristou et a/., 2008i3¢] Tadalafil 2.5 mg 3.1
Hatzichristou et a/., 2008!3°] Tadalafil 5 mg 2.8
Park et al., 201071 Mirodenafil 100 mg 1.7
Moon et a/., 201187 Udenafil 100 mg placebo 2.9
Moon et a/l., 201139 Udenafil 200 mg placebo 1.9
Chen et a/., 20121401 Tadalafil 5 mg 1.8
Goldstein et a/., 2012187 Avanafil 100 mg 7.2
Goldstein et a/., 201211 Avanafil 200 mg 5.1

T: Number needed to treat



In pooled analysis, the Number needed to Treat
(NNT) for any PDES5 inhibitor: 3.0

Sildenafil: 2.4
Tadalafil: 2.6
Vardenafil: 4.1

The most common side effects were headache,
flushing, and nasal congestion.

Balhara YPS, et al: Indian J Endocrinol Metab, 2015 Jul-Aug; 19(4): 451-461.



{Pont etal, ) Sex Med, 2013)

EFFICACY OF CURRENT USED PDESi DRUGS

Based on Patient questionnaires

Global assessment Question Sexual Encour}ter Profile (SEP)
SEP 2/3

Mixed population

Diabetes




PDES5I in patients with diabetes mellitus

In a review of randomized clinical trials of PDESi in diabetic
patients, the weighted mean difference for the IIEF-EF and the Effi nlv in pts

percentage of successful attempts in the PDE-5 inhibitors and in wi:..‘c;:gdo lglgn't‘e)m
the control arm was 26.7 and 6.6 respectively (Vardi and Nini 2007). blood gluc;)se control

Diabetes-induced ED is multifactorial:

» elevated advanced glycation endproducts,

» high levels of oxygen free radicals,

» impaired nitric oxide synthesis,

» increased endothelinB receptor binding sites

» up-regulated RhoA/Rho-kinase pathway,

» neuropathic damage

» impaired cyclic guanosine monophosphate (cGMP)- dependent
protein kinase-1

1 out of 2 pts
will respond

to treatment

The only existing strategy to improve response rates include initially Treat any
management of the underlying hyperglycemia and comorbidities, comorbidity
as well as to start early treatment with PDES5i (also to prevent or
halt the progression of disease).

@) |S @207
U A
éﬂ LROLIS

Thorve, Kshirsagar et al. 2011,



e e

EFFICACY W PREFERENCE AT 3 MONTHS M! 1
90

80

70

60

50

40
30
20

10

Alprostadil | Alprostadil Tri-mix Tri-mix Tri-mix Overall
<10mg >10<20mg 0,05-0,3ml 0,35-0,6ml 0,7-1ml

Differences in efficacy of sildenfil and preference by group in overall study
sample of 155 patients. Tri-mix, combined papaverine, phentolamine and prostaglandin E1.

)| @ 2017
653
28 | A
D | LROLIS
1) Hatzichristou, D, et al: J Urol, 2000; 164:1197-1200



Types of penile prostheses

Malleable
/' rods

Urethra

Corpus
cavernosum

Testi(:le Scrotum

Cylinders

Yafi FA, et al: Nat Rev Dis Primers. 2016; 2: 16003.

Fluid resevoir




Screen all men with DM for ED

Screen for hypogonadism ‘ Modify risk factors* \

(Testosterone level)

‘ PDE-5 inhibitors? \ ' Consider Testosterone replacement3 \

' Urology Referral \ PDE-5 inhibitor










Milestones in erectile dysfunction therapy

1998
1973 Phosphodiesterase
Penile type 5 inhibitors
prosthesis (PDES5I)

9O © © 0

1982 2010
Intracavernosal Low-intensity
injections (ICI) shockwave therapy

(LiS)

2. Virag R. Lancet 1982; 2:938,
3. Goldstein |, et al. N Engl J Med, 1998; 338:1397-404

@ |S @ 2017 1. Scott, FB, et al. Urology, 1973; 2:80-82.
30 .
q') - 4. Vardi, Y, et al. European Urology, 2010; 58(2), 243-248.



Shockwave therapies history

Stone Fragmentation
1-4 mJ/mm?

Anti inflammatory ’

0.3-1 mJ/mm?

Orthopedics/
Peyronie’s disease

Angiogenesis
0.05-0.1
mJ/mm?

Sexual

Skalogy Medicine

1970's 1980's 2000's 2010



The effect of low-intensity shockwave therapy
on cavernosal arterial supply




ED: the effect of low-intensity shockwaves (LiS)

Occlusion of the arterioles LiS therapy




ED therapies: the differences

Invasiveness

Reverse Symptom Side effects
pathology Relief Complications

Intracavernosal
Injections

Phosphodiesterase
Type 5 inhibitors

Penile prosthesis v
Low-intensity
shockwave therapy

| @ 2017
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Sinusoid

/ f /‘7 Neoangnogenesus

Schwann cell
activation

doi:10.1038/nrurol.2017.119
Published online 25 Jul 2017

NATURE REVIEWS | UROLOGY

Activation of resident

(perivascular) stem cells Recruitment of

(endothelial)
progenitor cells




Low-intensity shockwaves: physical energy initiates a cascade
of biologic responses, leading to reversal of vasculogenic ED

Physical energy
Biological response

Cellular response Mechanoreceptors

m PCNA

Neovascularization

eNOS

Tissue regeneration

Improved penile hemodynamics

Improved arterial inflow

Improved penile rigidity

Improved sexual performance



Low-intensity Shockwaves for
Erectile Dysfunction

Dimitris Hatzichristou, MD, PhD, FEJCSM



Low-intensity shockwaves (LiS) for ED

[ years clinical experience

2010: The novel treatment is invented!

Vardi, Y., Appel, B., Jacob, G., Massarwi, O. and Gruenwald, I. Can low-intensity extracorporeal shockwave therapy improve erectile function? A 6-
month follow-up pilot study in patients with organic erectile dysfunction. Eur Urol 58: 243-248, 2010.

2012: LiS is better than placebo!

Vardi, Y., Appel, B., Kilchevsky, A. and Gruenwald, I. Does low intensity extracorporeal shock wave therapy have a physiological effect on erectile
function? Short-term results of a randomized, double-blind, sham controlled study. J Urol 187: 1769-1775, 2012.

2016: LiS is able to shift PDE5I non-responders to responders!

Kitrey ND, Gruenwald I, Appel B, Shechter A, Massarwa O, Vardi Y. Penile low intensity shock wave treatment is able to shift PDE5i nonresponders
to responders: a double-blind, sham controlled study. J Urol 195(5):1550-5, 2016.

2017: LiS improves penile hemodynamics!

Kalyvianakis D, Hatzichristou D. Low intensity shock wave therapy improves hemodynamic parameters in patients with vasculogenic erectile
dysfunction: a triplex ultrasonography-based sham-controlled trial. J Sex Med 14:891-897, 2017.




Table 2 | Systematic reviews and meta-analyses of Li-ESWT for ED

R E V | E W S Study Design IIEF EHS improvement Limitations

improvement
Fojecki et al.*® * Systematic review “ Effects of “...data on EHS does * No meta-analysis
. . (2016) (PROSPERO: ESWTonllEFin  imply that the treatment * No assessment of biases
Low-i nten5|ty shockwave therapy for CRD42015015665) ED patientsare  potentially may recover
erectile dysfunction: is the evidence * Vardi et al.*® inconsistent...”  natural erection in PDE5I
> 40 ”
strong enough? el TESpOnEcTs
Mikke! Fode', Georglas Hatzichristodowlow’, Ege Can Serefoglu’, Paoio Verze* and * Yee etal.”
Maarten Albersen® on behalf of the Young Academic Urolagists Men's Health Group en=337
» Vasculogenic ED
NATURE REVIEWS | UROLOGY Lu et al.’? (2016) » Systematic review and 2.00(95% Cl 0.16 (95% Cl, 0.04-0.29) ¢ Inclusion of studies at high risk of bias
doi:10.1038/mrurol.2017.119 meta-analyses of RCTs only 0.99-3.00); P =0.01 compared with and with ED as a secondary end point
Published anline 25 Jul 2017 * Vardi et al.®® P <0.0001 placebo (Peyronie's disease, pElViC pain)
* Olsen et al.*® compared with ® Inclusion of nonrandomized trial in
® Srini et al.”® placebo meta-analysis (Poulakis et al.5*)
* Yee etal.* * Inclusion of trials on Peyronie’s disease
» Chitale et al.” Poulakis et al.** with ESWT directed at plaque only, not
* Zimmermann et al.¥’ corpora
* n=501 (from meta-analysis only) * Incorrect citation of lEF data
» AILED aetiologies
Angulo et al.** » Systematic review and 2.54 (95% Cl NA No assessment of biases
(2016) meta-analyses 2.12-2.95);
* Vardietal.® P <0.0001
* Olsen et al.* compared with
® Srini et al.* placebo
* Yee etal.”
en=337
* Vasculogenic ED
Clavijo et al.*® ¢ Systematic review and 4.17 (95% Cl NA * Inclusion of studies at high risk of bias or
(2017) meta-analyses -0.5-8.3); with inadequate assessment of bias
e Vardi et al.*® P <0.0001 * Use of unpublished data (quality
® Srini et al.** compared with assessment virtually impossible in
* Yeeetal.*® placebo abstract versus published full text) and
» Hatzichristou & Kalyvianakis unclear whether overlap exists between
(abstract)® the “Israel” groups in Feldman et al.®' and
» Fojecki et al. (abstract)® previous trials
* Feldman et al. (abstract)®!
e Kitrey et al.
*n=602

* Vasculogenic ED



Low-intensity shockwave therapy for erectile dysfunction

Development of an evidence-based protocol
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Low-intensity shockwaves for erectile dysfunction

Identical study design in all studies

PDES5i wash Active
use out N treatment
11hﬂE! ! ! randomization
-8 -4 0 >
Weeks Weeks Baseline -1
HEF
SEP
Triplex
STUDY DESIGN:
randomized, parallel arms, open label
INCLUSION CRITERIA
History indicating vasculogenic ED
ED duration: >6 months
IIEF-EF domain: <26 without PDESI
Previous ED treatment: only PDESi users
Peak Systolic Velocity: <35cm/sec
Stable heterosexual relationship
& Informed consent: written

TmFU-1 3mFU-1 6mFU-1
IEF IEF IHEF
SEP SEP SEP

Triplex

REGISTRY: ClinicalTrials.cov

EXCLUSION CRITERIA: Peyronie's disease,
neurogenic/psychiatric disease, untreated
but diagnosed medical condition, cancer,
hemophilia.

Kalyvianakis et al. Eur Urol Suppl. 2017; 16(3): €439
Kalyvianakis et al. J, Sex. Med. 14, €129 (2017)



How to perform the treatment low-intensity shockwave therapy for erectile dysfunction?

Move slowly the probe along the length of both corpora
cavernosa back and forth (1500 shocks each side)

Put the probe on the peno-scrotal junction in
parallel to the pubic bone (500 shocks each side)




Study design: 6 vs 12 sessions —1 vs2 sessions/week

Group A: 1x / week, total 6 sessions
I‘Illilllllll

>
| | | | | | |

Week 0 1

2 3 2 5 6
TTtTr1TrTr1TT1TT 1171

Group B : 2x / week, total 12 sessions

Each session: 5000 shockwaves, 0.05 mJ/mm2 , 8Hz

| | @207
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D | LROLIS Kalyvianakis et al. Eur Urol Suppl. 2017; 16(3): €439
m Kalyvianakis et al. J. Sex. Med. 14, €129 (2017)



Minimal Clinically Important Differences (MCID)*

at 6 months follow up: 6 vs 12 sessions

Group A (6 sessions) 83% (10/12) 43% (3/7) 0% (0/2) 62% (13/21)

Group B (12 sessions) 89% (8/9) 67% (6/9) 33% (1/3) 71% (15/21)

*MCID definitions:

- mild ED: > 2 points increase
- moderate: > 5 points increase
- severe: > 7 points increase

Rosen RC et al:
Eur Urol 2011; 60; 1010

LROLIS Kalyvianakis et al. Eur Urol Suppl. 2017; 16(3): e439
m Kalyvianakis et al. J. Sex. Med. 14, €129 (2017)



Repeat study design

m Study Phase 1: 6 versus 12 sessions
e EaEEETEYE TS

, | | | | | | I
Week 0 i 2 3 4 : 6
2x / k,
total);zvsv::sions T 1 1 1 T 1 t T t T 1 t
m Study Phase 2: repeat ESWT after 6 months
2x / k,
totalxﬁ :éesesions | ‘ " | " ‘ | ‘ ‘ | | | |
>

| | | | | | |
Week 30 31 32 33 34 35 36

igial§ asasions T * T T 1T 71
@} I | @207
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Triplex ultrasonography: changes in penile hemodynamic

parameters at 3 months follow up: Repeat study

Peak Systolic Velocity

* % %

oy 35,3
29,6 33,4

(cm/sec)

Baselinel 3mFU-1 3mFU-2
Group A

Peak systolic velocity improvement:
Group A (6+6 sessions): +1.9 cm/sec
Group B (12+6 sessions): #0.1 cm/sec

O
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ns

* % %

Baseline1l 3mFuU-1 3mFU-2
Group B
ns = not significant

*p<0.05
*x b < 0.005

Graphs show Mean; N =18
Kalyvianakis et al. J. Sex. Med. 14, 2126 (2017)



Minimal Clinically Important Differences (MCID)

at 6 months follow up by number of sessions*

Session humber Percentage (%)

6 13/21 61.

2% 29/39 74.4

83.3

18* 15/18

=i
O

*Mix of patients receiving sessions at different time intervals (combined results of 2 randomized trials)

A
LROLIS Kalyvianakis et al. J. Sex. Med. 14, €126 (2017)
m Kalyvianakis et al. Eur Urol Suppl. 2017; 16(3): e439



Changes in IIEF-EF domain score by subject: repeat study

® After 18 sessions, all patients achieved at least 4 point increase in ||IEF-EF score*

» 83.3%of the patients achieved Minimal Clinically Important Difference (MCID)

Eod il | N | A
6 sessions 12 sessions; 6+6 sessions 12+6 sessions

*A 4-point increase in ||IEF-EF domain score is associated with the following odds ratios of success for each IIEF-EF question:

* 6.1 for getting an erection * 12.8 for maintaining erection

» 29.2 for having a firm erection * 4.0 for maintaining erection to completion . AR I
= v Cappellen JC eta

* 10.0 for able to penetrate * 3.7 for erection confidence _ng 2016; 13:690
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m Kalyvianakis et al. J. Sex. Med. 14, 126 (2017)



The EFD study: study design

2x / week, L4
total 12 sessions

Group B :

3x / week, L4
total 12 sessions

Group C:

2x [ week, L7
total 12 sessions

3x / week, L7
total 12 sessions

Level 4: 0.05 mJ/mm?
44 434 33 33 33 33

| | | | | |
| | | | | | |
Wko0 1 2 3 4 5 6
T T T T 112
Level 7: 0.10 mJ/mm?

44 434 33 33 33 33
| | | | | | |
WkO 5 6

TeT T ToT 1

L4: 5000 SW, 0.05 mJ/mm?, 8Hz;
L7: 5000 SW, 0.10 mJ/mm?, SHz

» Energy flux density

(EFD). The energy delivered by
the shockwave-generating
source at the focussed point is
called energy flux density and
is normally recorded in energy
per surface area units (mJ/
mm?).



Change in IIEF-EF score at 3 months follow up
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Diabetes mellitus and ED: point of no return

reversible phase irreversible phase
| A
{ W\
'DIABETES |
Axonal
:yy:;tglw:sla 4 transport | | nNOS
it . defect | | .. accumulation |-
3 in cell body rreversi
| Vasoconstriction. | Hypoxia l» Nitrergic - : orocm:'e
in vasa nefvorumf in ganglia Nerve J ANOS degeneration dysfunction
.  conduction
: | L dos::otlon at
& ‘ terminals
Endothelial NO |
4 dystunction in production |
the penis al nerve :
T terminals 4 | P
. : no
\ ) return
Endothelial NO
production in l
penis 4 |
*  PDES5 inhibitors ED symptoms
* Low-intensity shockwave '
therapy _

| TIME
Cellek S, et al. Int J Impotence Res (2013) 25, 1-6.
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