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Abstract

Penile erection is a perfect example of microcirculation modulated by psychological factors and
hormonal status. It is the result of a complex neurovascular process that involves the integrative
synchronized action of vascular endothelium; smooth muscle; and psychological, neuronal, and
hormonal systems. Therefore, the fine coordination of these events is essential to maintain penile
flaccidity or allow erection; an alteration of these events leads to erectile dysfunction (ED). ED is
defined as the consistent or recurrent inability of a man to attain and/or maintain a penile erection
sufficient for sexual activity. A great boost to this research field ‘vas given by commercialization of
phosphodiesterase-5 (PDE5) inhibitors.

Indeed, following the discovery of sildenafil, research on the mechanisms underlying penile
erection has had an enormous boost, and many preclin‘a, and clinical papers have been published
in the last 10 years. This review is structured to =rc-d: an overview of the mediators and peripheral
mechanism(s) involved in penile function « .nen, the drugs used in therapy, and the future
prospective in the management of ED. 1.deed, 30% of patients affected by ED are classified as
“nonresponders,” and there is sti' a unmet need for therapeutic alternatives. A flowchart

suggesting the guidelines for ED ¢ /aluation and the ED pharmacological treatment is also provided.

Keywords: Human coio'tls  cavernosum; erectile  function; erectile  dysfunction; peripheral
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1. INTRODUCTION - PHYSIOLOGY OF PENILE FUNCTION

1.1 Penile erection and detumescence

Penile erection is a perfect example of microcirculation modulated by psychological factors and
hormonal status. It is the result of a complex neurovascular process that involves the integrative
synchronized action of vascular endothelium; smooth muscle; and psychological, neuronal, and
hormonal systems (Gratzke et al., 2010). Therefore, the fine coordination of these events is essential
to maintain penile flaccidity or allow erection. During sexual stimulation, nerve impulses release
neurotransmitters from cavernous nerve terminals and relaxing facicvs from the endothelial cells,
resulting in the relaxation of vascular smooth muscle and ar. w.~rease of blood flow to the penis
(Lue, 2000; Martinez-Salamanca et al. 2010). Simultanec'sly, the relaxation of the trabecular
smooth muscle facilitates the rapid filing and the exraicwn of the sinusoidal system. The final
result is the compression of the subtunical vernik: r.exus between the tunica albuginea and the
peripheral sinusoids that blocks the venous ouv.dow. This process is known as the erection veno-
occlusive mechanism (Udelson, 2007). In >xtreme synthesis, the blood is trapped within the corpora
cavernosa, and this, in turn, causes 2an r_rease in the intra-cavernous pressure that, together with
the contraction of ischiocavernous muscie, leads to the erect state of the penis (Dean & Lue, 2005).
In parallel, the ischiocavernots ard bulbocavernous muscles vigorously compress the spongiosum
and penile veins, contricting to a further increase in the intracavernosal pressure and penile
rigidity. During this phase, the inflow and the outflow of blood temporarily cease. During the
detumescence, the contraction of the trabecular smooth muscle allows free flow to the emissary
veins leading to the flaccidity state. Penis detumescence is characterized by three different phases:
i) a transient increase in intracavernous pressure, associated with the beginning of smooth muscle
contraction against the closed venous system, ii) a slow pressure decrease, due to a slow reopening
of the venous channel, and iii) a fast pressure decrease with fully restored venous outflow capacity

(Bosch et al., 1991).



1.2 Central and peripheral control of penile erection

Although penile erection is a vascular event that relies on the veno-occlusive mechanism described
above, the central and peripheral nervous systems play a major role. Indeed, penile erection is
primarily initiated by the supraspinal centers in response to auditory, visual, olfactory, tactile, and
imaginative stimuli that can be elicited by peripheral neural pathways arising in either the sacral
parasympathetic or the thoracolumbar sympathetic nuclei of the spinal cord (Dail et al., 1989). In
particular, the sacral parasympathetic divisions (S2-S4) regulate penile tumescence, and inputs of
the thoracolumbar sympathetic divisions (T11-L2) mediate detumesce. e,

The innervation of the penis is both autonomic (sympatheuc and parasympathetic) and somatic
(sensory and motor). From the neurons in the spinal cora and peripheral ganglia, the sympathetic
and parasympathetic nerves merge to form the cavernous 1.2rves, which enter the corpora cavernosa
and corpus spongiosum and affect the neurovasc'ik. events during erection and detumescence. The
somatic nerves are primarily responsible fc - srnsation and the contraction of the bulbocavernosus
and ischiocavernosus muscles. The 1.orve  population, commonly classified as adrenergic,
cholinergic, and nonadrenergic nonch~lincrric (NANC), modulates the functional state of the penis
by releasing mediators that act o the vascular endothelium and/or the smooth muscle component of
corpora cavernosa (Ignarro et ' 1990). During the state of flaccidity, a tonic sympathetic activity
predominates. This invowe. tic release of noradrenaline (NA) and other agonists leading to smooth
muscle cell contraction within the corpora cavernosa.

Smooth muscle contraction and relaxation are principally regulated by cytosolic free calcium
(Ca®"). Indeed, through the activation of membrane receptors, NA and other mediators increase the
intracellular messengers inositol triphosphate and diacylglycerol, leading to Ca*® release from the
intracellular stores. The binding of Ca®* to calmodulin favors the interaction with myosin light
chain (MLC) kinase and then the phosphorylation of MLC(s), followed by the activation of myosin
ATPase, which, in turn, hydrolyzes ATP, thereby providing energy for muscle contraction. Once

the cytosolic Ca?* concentration returns to the basal levels, the calcium-sensitizing pathways
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prevail. One such mechanism of contraction is the activation of excitatory receptors coupled to G-
proteins, which increase Ca®" sensitivity without any change in cytosolic Ca** levels. This pathway
involves the activation of Rho-kinase, which, by inhibiting the regulatory subunit of smooth muscle
myosin phosphatase and preventing dephosphorylation of myofilaments, maintains the contractile
tone (Somlyo & Somlyo, 2000).

When penile erection occurs, there is relaxation of the smooth muscle component that, at the
molecular level, involves a decrease in free Ca®* levels in the sarcoplasma through different steps.
The reduction in the Ca?*/calmodulin complex leads to a decre=se » MLC Kkinase activity, which
results in the reduction of phosphorylated MLC levels, brezxu~wn of actin/myosin cross bridges,
and cavernosal smooth muscle relaxation (Walsh, 1991). Indeed, upon sexual stimulation, the
cavernous nerves release nitric oxide (NO) that starts e erectile response. They also release
acetylcholine that stimulates the endothelium to 7je.-rr.e a more sustained release of NO. Cyclic
adenosine monophosphate (CAMP) and “wvcl. guanosine monophosphate (cGMP), the second
messengers involved in smooth muscle 1 'axation, activate cAMP- and cGMP-dependent protein
kinases, which, in turn, phosphorylet= (er@in proteins and ion channels. This cascade of events
provokes the opening of the pcossiwn channels and hyperpolarization, an increase in intracellular
Ca?* by the endoplasmic reti'm, and the blockade of Ca?" influx through the inhibition of
voltage-dependent Ca** ¢.aruefs. The consequence is a drop in cytosolic free Ca®* and smooth

muscle relaxation.

2. MEDIATORS IN ERECTILE FUNCTION

Several mediators produced by the endothelium or the smooth muscle component play an important
role in maintaining the erection or leading to detumescence. A fine balance between vasodilating
and vasoconstrictor mediators within the penis is crucial to ensure penile erection (Fig. 1). An

unbalance between the contractile and the relaxant tone can lead to erectile dysfunction (ED). The



following paragraphs briefly summarize the information known on the role of these mediators in
erectile function in men.

2.1 Contracting mediators

2.1.1 Noradrenaline

Preclinical experiments suggest a modulator role for NA in the control of penile erection either in
the brain or in the spinal cord. On this basis, a new therapeutic approach to ED has been proposed
using yohimbine. This substance is an o2 antagonist that was used in the past in an anecdotal
manner for ED therapy. Yohimbine showed poor therapeutic eff~acy and had questionable effects
in men with organic ED, leading, in 1996, to a statement Fy v American Urological Association
suggesting that “yohimbine does not appear to be effective for erectile dysfunction and, thus, it
should not be recommended as treatment for the stand ura atient” (Montague et al., 1996). This has
led to create doubts on the role at the central kve. ~7 the noradrenergic system in erectile function.
However, the lack of efficacy could be a.-rired to the peripheral contractile effect on the penile
musculature (Smith et al., 1987). More recontly, it has been suggested that yohimbine may be useful
in subsets of men with mild disease ~: fe» risk factors (Guay et al., 2002); however, it is clear that
it will never be a first-line drug fo, ED.

The sympathetic preganglioni~ n.~ons are located in the intermediolateral gray matter of the spinal
cord. Postganglionic neuro,~ are located in the sympathetic chain ganglia, the inferior mesenteric,
hypogastric and pelvic ganglia, and the ganglia near the target organ. Sympathetic fibers can be
found in the pelvic, cavernous, and pudendal nerves. Stimulation of the sympathetic pathways to the
penis may, however, also produce erection (Andersson et al., 2000).

At the peripheral level, the activation of sympathetic adrenergic nerves causes release of NA, acting
on al-adrenoceptors either on the trabecular smooth muscle of the corpus cavernosum or in penile
vessels. This effect is mediated by Ca™ entry involving both L-type and 2-aminoethoxydiphenyl
borate-sensitive receptor-operated channels. Further, Ca*? sensitization mechanisms mediated by

protein kinase C, tyrosine kinases, and Rho kinase are also involved. Penile erection in men is
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accompanied by a significant reduction in NA in cavernosal blood while adrenaline is increased
(Becker et al., 2000a). Among a1-adrenoceptor subtypes, human erectile tissues express mRNAs of
all the three subtypes (alA, alB, and alD) with high affinity for prazosin, although the o lA-

adrenoceptor is thepredominant (Traish, et al., 1995). A small clinical trial on selective olA-
adrenoceptor antagonist failed to show any improvement in ED (Choppin, et al., 2001). More
recently, a fourth receptor, known as a1L or ae1A/L, considered a functional phenotype of the at1A-
adrenoceptor, was been identified, and its role in human erectile tissues of patients undergoing
urethroplasty was suggested (Davis, et al, 2018). In particulrr, is study demonstrates that the
allL-adrenoceptor subtype, at both the functional and the p oten level, is present in human erectile
tissues, and it plays a major role in mediating erectile smcoth muscle contraction. Interestingly, the
olL-adrenoceptor is also present in the human rrnsate, and it is the target of current alA/L
adrenoceptor antagonists used to treat Iwe: urinary tract symptoms. Although retrograde
ejaculation has long been assumed to be a co. mon side effect of specific al-blocker therapy, recent
investigations have shown that what -.>s previously thought to be a peripheral effect causing
retrograde ejaculation is actually a c:ntiy mediated process (Wolters & Hellstrom, 2006).
However, each al-blocker has “mcrent effects on sexuality, and this issue should be considered
when this therapy is preccribvd. Therefore, it is necessary that future clinical studies will be
designed to define a therape.ttic algorithm to drive the right choice among the different a.1-blocker
subtypes in case of bladder/prostate diseases and/or hypertension in sexually active men.

2.1.2 Serotonin

Serotonin (5-HT) receptor role in ED has been addressed in several studies. 5-HT has several
receptors, and selective inhibitors are available (Pytliak et al., 2011). It has been shown that the
activation of the 5-HT receptors, i.e., 5-HT1A, 5-HT2A, and 5-HT4, inhibits penile erection (Uckert
et al., 2003; Lau et al, 2006). In vitro, the 5-HT-induced contraction of isolated human corpus

cavernosum (HCC) strips is abolished by NAN-190, a 5-HT1A-receptor antagonist; ketanserin, a 5-
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HT2A receptor antagonist; and SB 203186, a 5-HT4 receptor antagonist (Uckert et al., 2003; Lau et
al, 2006). In vitro, 5-HT did not affect the relaxation of NA-stimulated HCC induced by electric
field stimulation (EFS) (Uckert et al., 2003). Conversely, the EFS-induced cavernosal contraction
was reduced by ketanserin, indicating that preterminal neuronal storage of 5-HT released following
EFS acts on 5-HT2A receptors (Lau et al, 2006). Thus, 5-HT was released by neuronal storage
functions as a contractile neurotransmitter in addition to NA. This evidence is in contrast with
Uckert and coworkers (2003) who, although suggest a role for 5-HT in maintaining the penis
flaccidity and in facilitating detumescence, conclude that it is 'mm=ly that 5-HT contributes to
neuronal-derived function of the HCC. Further studies are regu.2a to address the role of 5-HT in
the neuronal control of human penile erection and to detn.> whether it is possible to exploit the
possible use of 5-HT selected subtype inhibitors in t:) therapy in nonresponder patients to
phosphodiesterase 5 (PDES) inhibitors.

2.1.3 Endothelin

Endothelin(s) (ET) are potent vasoconsu:~tor peptides that cause strong, slowly developing, but
sustained, contraction of trabecular smoch muscles cells of the corpora cavernosa. There are three
isoforms of the peptide (identific:' as ET-1, -2, and -3) and at least four endothelin receptors,
namely, ETA, ETB1, ETB2, a.d F:TC. In HCC, endothelium expresses ET-1 mRNA, and ET-like
immunoreactivity was ouse.*eu in sinusoid (Saenz de Tejada I, et al., 1991). Both ETA and ETB
receptors were found in human tissues (vascular and trabecular). ET-1 induces potent
vasoconstriction in HCC together with ET-2 and ET-3, although both are less potent than ET-1.
Multiple mechanisms of action have been proposed, including transmembrane calcium flux,
mobilization of inositol triphosphate-sensitive intracellular Ca®* stores, and Ca®* sensitization
through the Rho-Rho kinase pathway (Holmquist et al., 1990; Holmquist et al., 1992).

Several clinical studies addressed the possible role of ET-1 in the pathophysiology of erection, but
no data clearly supporting this function are available. The ET levels were evaluated in the plasma of

diabetic patients with or without ED, and no differences in plasma concentration of ET-1 between
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the two groups examined were found (Francavilla et al, 1997). The possible role of circulating ET
has also been investigated using cavernosal blood. In this clinical study, no changes in ET-1 or ET-
2 were observed either in systemic or in cavernosal blood during penile tumescence, rigidity, and
detumescence in healthy wvolunteers. In patients with ED, plasma ET-1/-2 levels during penile
flaccidity and detumescence were found to be higher in the systemic circulation than in the
cavernosal blood. No differences in the plasma levels of ET-1/-2 were found between patients with
organogenic versus psychogenic ED. During detumescence, the ET-1/-2 levels were lower in the
cavernosal blood collected from patients than those in healthy vo.nteers. Therefore, there is a
different profile of ET-1-2 in the cavernosal blood between 'ku*hy subjects and patients with ED.
However, there is no clear definition of the role played hv =T-1 in the control of penile flaccidity
and detumescence (physiological role) or in its involvee.r in the pathophysiology of ED (Becker
et al., 2001). The lack of a role of ET-1 in ED - supported by the finding obtained from a pilot
study using BMS-193884, an ET-A rece; for- selective antagonist. In this study, performed in 53
men diagnosed with mild-to-moderate ED, BMS-193884 failed to show any significant
improvement in erectile function either Avring office visits or home use when compared to the
placebo (Kim etal., 2002).

It should be stressed that theirc i< a big disparity between preclinical (in vitro and in vivo animal
studies) and clinical stuaws and results. This issue implies that there are significant differences
among species to what concerns the role of ET in erectile function. Overall, the lack of clear data
concerning the exact role of ET in penile erection has hampered the progress in this area. It is
possible that the ET system may only be relevant to ED under certain conditions where global
endothelial dysfunction exists. In this context, it has been suggested that ET antagonists could be
useful in these patient groups (Ritchie & Sullivan, 2011). Most likely, ET antagonist may result
useful in combined therapy for patients with severe ED that are weak or no-responders to PDE5
inhibitor therapy.

2.1.4 Renin-angiotensin system
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The role of the renin—angiotensin system (RAS) in ED observed in preclinical studies is clearly
confirmed either in human in vitro studies or in clinical studies. The RAS plays an active role
within the erectile tissues (Fraga-Silva et al., 2013). It is expressed in cavernosal tissues and may
act in a paracrine manner, and its involvement is sustained by the finding that angiotensin 1l (Angll)
plasma level in cavernous blood is significantly higher in the flaccid or the detumescence phase
than in the systemic circulation (Becker, at al, 2001). Angll role has also been shown under
pathological conditions, suggesting that its plasma levels could be a useful tool in the diagnosis of
organogenic ED. In this study, patients with ED of either organonenic or psychogenic etiology were
exposed to visual and tactile erotic stimuli to elicit penile turie.~ence. The control group consisted
of healthy subjects where stimulation caused rigidity ffin,> erection). In healthy volunteers, the
Angll levels in the cavernous plasma increased by 28%. ,° weaker increase was also found in the
peripheral plasma. During penile flaccidity, the .2l flevels in the systemic and cavernous blood
were higher in the group of organogenic [ atie'its than in the control group. Thus, Angll might be
involved in triggering penile detumescence 1 men (Becker et al, 2001). As Angll is a product of
angiotensin-converting enzyme (ACE) (> above-mentioned results stimulated the investigation of
the possible involvement of ACL in the pathogenesis of ED. A significant increase in systemic
venous levels of ACE activitv ws found in psychogenic or organogenic ED subgroups as compared
to those in controls. In cdawon, the cavernosal level of ACE activity was significantly higher in
diabetic patients with ED as compared to psychogenic patients with ED. Of particular interest is the
finding that systemic blood ACE activity negatively correlates with the NO level in diabetic patients
with ED. A significant increase in the systemic levels of ACE was also associated with reduction in
the systemic levels of growth hormone, NO, and cGMP in both diabetic patients with ED and
nondiabetic patients with ED. These disturbances indicate that endothelial dysfunction and the
imbalance among vasoactive mediators might contribute to ED (Hamed et al., 2003).

The importance of RAS in erectile function is indirectly further confirmed by data published by

Fogary (2001) where a comparison between two antinypertensive treatments, namely, valsartan and
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cavedilol, on sexual activity in hypertensive men never treated before for hypertension was
addressed. The age of the enrolled patients was 40-49 years, all married and without any previous
sexual dysfunction. After a 4-week placebo period of treatment, the patients were divided into two
groups: a) 120 patients were randomized to receive carvedilol 50 mg once daily or valsartan 80 mg
once daily for 16 weeks according to a double-blind, cross-over design; after another 4-week
placebo period, the patients were crossed over to the alternative regimen for a further 16 weeks; b)
40 patients were treated with placebo according to a single-blind design for 16 weeks. At the
screening visit and every 4 weeks thereafter, blood pressure wa< e.?luated and the patients were
interviewed through a questionnaire about their sexual e.uv*y. Blood pressure was lowered
significantly by both treatments, with 48% of patients snowing normalization with valsartan and
45% with carvedilol. During the first month of therapy scvual activity (assessed as the number of
sexual intercourse episodes per month) declined w'n ooth drugs as compared to that at baseline.
The decrease was statistically significant in the carvedilol group but not in the valsartan group. As
the study progressed, the sexual activi,’ further worsened in the carvedilol group, while the
valsartan group fully recovered and. ewn more relevant, improved. These results were confirmed
by the cross-over protocol. In porticuar, ED was a complaint of 15 patients receiving carvedilol
(13.5%), one patient receivina akartan (0.9%), and one patient receiving placebo. These findings
suggest that carvedilol, a 1, p2, and al antagonist, induces chronic worsening of sexual activity,
whereas valsartan does not significantly worsen sexual activity but may improve it (Fogari et al,
2001). The advantage of using Angll antagonist, as an antihypertensive drug, in relation to sexual
function/dysfunction was also confirmed by another independent study (Llisterri et al., 2001). In
this study, there was improvement in the erectile function (i.e., both satisfaction and frequency of
sexual activity) in hypertensive patients receiving losartan. This has highlighted the possibility to
perform therapeutic management of hypertension by adding positive impact on quality of life. More
recently, in 2012, it has been shown that in diabetic patients, the combination of losartan and

tadalafil is more effective than the single-use of losartan or tadalafil. This was the first clinical trial
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designed to assess the effect of losartan therapy on diabetic patients with ED. Losartan seems to be
effective and well tolerated in diabetic patients with ED, especially for mild to moderate conditions.
Thus, the combination therapy of losartan and tadalafil appeared to be more effective than
monotherapy (Chen et al., 2012). Of particular interest is also the effect reported in patients with
ED caused by nerve-sparing radical retropubic prostatectomy. In these patients, treatment with
irbesartan significantly increased sexual activity and ameliorated the loss of stretched penile length,
which occurs postoperatively (Segal et al., 2012).

To date, knowledge of the RAS cascade has expanded beca''<e ~f the discovery of additional
components such as Ang (1-7), ACE2, and, even more interes.g, the Mas receptor, a G protein-
coupled receptor of Ang (1-7). Therefore, the RAS has two branches: one deleterious branch
triggered by the Ang II/AT1 receptor and the other nruiactive branch triggered by the Ang (1-
7)/Mas receptor (Ferreira et al., 2010). In additich, Arg-(1-7) activity seems to be linked to eNOS
phosphorylation/activation through Akt-depe: der. pathways and thus to NO (Sampaio et al., 2007).
Currently, studies on the role of the Ang ‘1-7)/Mas receptor in erectile function and its therapeutic
potential for treating ED have been adcvessed in preclinical studies only, and human data are not
available either in vivo or in vitro.

2.1.5 Rho-Kinase pathway

The RhoA/Rho-kinase pau:vay is present in many tissues throughout the body, and it is involved in
regulating various functions. The activation of this pathway causes Ca?* mobilization, thereby
promoting contraction. The activation process involves the dissociation of RhoA that translocates
from the cytosol to the membrane, enabling the downstream activation of various effectors such as
Rho kinase. Phosphorylation of the regulatory subunit of MLC phosphatase by Rho kinase causes
inhibition of phosphatase activity, which enhances the contractile response (de Godoy & Rattan,
2011). An in vitro study showed the presence of the expression of Rho-kinase in primary cultures of
human cavernosal smooth muscle cells (Rees et al., 2002). Interestingly, the Rho-kinase inhibitor,

namely, SAR407899, relaxed HCC strips in vitro, and this effect was not modified by L-NAME, an
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NO-synthase (NOS) inhibitor. Interestingly, without L-NAME treatment, sildenafil was
significantly less potent and effective than SAR407899. The potency, particularly the efficacy of
sildenafil, was even lower in the presence of L-NAME. Thus, when the endothelium is damaged,
for example, in chronic pathologies such as hypertension/diabetes and when patients do not
successfully respond to PDES5 inhibitors, inhibition of this pathway may represent a valuable
alternative therapy (Guagnini et al., 2012). Presently, two Rho-kinase inhibitors have been approved
for clinical use in Japan (fasudil and ripasudil) and one in China (fasudil). In 1995, fasudil was
approved for the treatment of cerebral vasospasm, and more recontly, ripasudil, in 2014, was
approved for the treatment of glaucoma. Currently, there are "w ~tudies available on the use of these
inhibitors in ED, but it would be of interest to have clinica, studies addressing their possible use in
ED associated with diabetes and/or hypertension where <« upregulation of this pathway has been
demonstrated (for more details, see section 9.3 or K'0/"hoA Kinase inhibitor).

2.2 Relaxing mediators

2.2.1 Gasotransmitters

Penile vascular tone is controlled by = sevics of events coordinated at the level of the central and the
peripheral nervous system, and afte, sexual stimulation, activation of pro-erectile mechanisms
occurs. Consequently, adequaw. irflow of blood to the erectile tissues is achieved after arterial
vasodilation and sinusoida. siwoth muscle relaxation. In this complex mechanism, gasotransmitters
have been recognized to cover a key role, in particular NO and, more recently, hydrogen sulfide
(H2S).

2.2.1.1 Nitric Oxide

NO has a key role in the relaxation of HCC smooth muscle and vasculature, it is a well-consolidated
concept (Burnett et al., 1993; Toda et al., 2005). NO is synthesized in the nerve terminals and in the
endothelium by the action of the tissue-specific enzyme NOS, which catalyzes the production of
NO and citrulline from oxygen and L-arginine. NO passively diffuses into cavernous smooth

muscle cells, where it binds and activates the soluble guanylate cyclase (sGC), which catalyzes the
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breakdown of guanosine triphosphate into cGMP. In parallel, NANC, as reported above, plays an
important role in erectile function, as they are involved in the relaxation of corpus cavernosum.
Studies involving pharmacological modulation have indicated that NANC neurotransmission in the
HCC muscle is nitrergic, i.e., involves NO as the major mediator (Kimura et al., 1993; Adaikan &
Ng., 2000).

The existence and location of the constitutive isoform endothelial NOS (eNOS) and neuronal NOS
(hNOS) in the HCC have been widely investigated. eNOS is expressed within smooth muscle cells
of the fibromuscular stroma and wvessels of HCC (Bloch et =, 1998). The presence of the
constitutive eNOS in cultures of human cavernosal smooth ruscle cells has also been reported by
Anfrossi and coworkers (2002). Smooth muscle cells are not only targets of NO derived from
endothelial cells or from nerve endings but also a coue of NO conceivably involved in the
mechanism of erection. In addition, insulin can actva’e the constitutive eNOS, in turn, increasing
cGMP and cAMP and influencing the peiile vascular homeostasis and therefore penile erection
(Anfrossi et al., 2002).

In large wveins, there is weaker exnre.<iun of eNOS and nitrergic innervation, while the small
intracavernosal helicine arteries expi.essed large quantities of eNOS and intense nitrergic
innervation (Bloch et al., 1998).

The nNOS is present in ewwc plexus, cavernous nerve, and adventitia of the arteries in men. A
double immunolabeling for NNOS and wvesicular acetylcholine transporter has demonstrated that
acetylcholine and NO coexist in the same parasympathetic cholinergic neurons (Burnett et al.,
1993). The human cavernosal smooth muscle cells expressed both eNOS and the inducible form of
NOS (iINOS) (Rajasekaran et al, 1998). Exposure of human cavernosal smooth muscle cells to
glucose, mimicking a diabetic condition, showed increased expression of eNOS and INOS. Their
expression significantly increased in the presence of insulin and C-peptide, suggesting a synergistic

effect on the NO regulation; thus, the body, through this mechanism, tries to counterbalance the
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endothelial damage occurring in ED. Therefore, the replacement of peptide C in patients with
insulin-dependent diabetes may have therapeutic effects (Li et al., 2004).

eNOS has a complex regulation that can modify its activity. Caveolin-1 is an endogenous modulator
of eNOS (Fulton et al, 2001). Caveolin 1 and cawveolin 3 are present in HCC. In particular,
caveolin-1 is expressed in the smooth muscle and endothelial cells of corpus cavernosum while
caveolin 3, which binds to nNOS, is located close to the NAPDH-positive fibers (Tsutsui et al.,
1999). The existence and distribution of two key enzymes of the NO/cCGMP pathway, namely, the
CGMP-dependent kinase | (cGK 1) and the sGC in HCC tissue, ‘*are examined in healthy volunteers
and patients with ED (Koltz et al., 2000). sGC and cGK | ar. nighly expressed in smooth muscle
cells of wvessels and in the fibromuscular stroma. The erdothelium of the cavernosal sinus, the
cavernosal arteries, and the cavernosal nerve fibers also cutains sGC. cGK | is present on smooth
muscle cells as compared to the endothelrari. 'dowever, there are no changes in the
immunoreactivity and cellular distribution k-=tw.en healthy volunteers and patients with ED. The
expression of different isoforms of sGC, nemely, sGC al/B1 and o2/B1, has been found in HCC. In
addition, the existence of the B2 submit bis been found, but the role/pharmacological properties of
the enzyme containing B2 remain. to e elucidated (Beherends et al, 2000). In this regard, it has
been reported that the opening ~f Ca®*-activated potassium channels is most likely mediated by the
activation of sGC, leauiny tu an increase in cGMP levels and consequent activation of protein
kinase G (PKG) rather than a direct NO effect on human smooth muscle cells (Lee & Kang, 2001).
The NO levels in the peripheral and cavernosal blood did not appreciably change during and
immediately following an erection in a study performed on 15 healthy adult male volunteers
(Moriel et al., 1993). This result did not exclude abnormalities in the synthesis and release of NO in
ED, but rather, alternative testing methods may be required.

NO plays a crucial role in erectile function, and nitrosothiols such as S-nitrocysteine, S-nitroso-N-
acetylcysteine, and S-nitrogluthatione and NO-donors such as nitroglycerine and isosorbide

dinitrate cause relaxation in isolated HCC strips (Heaton, 1989; Mirone et al., 2000; Filippi et al.,
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2003), which suggests possible application of NO for the management of ED. Indeed, when NO
donors are applied topically or intracavernously in men, they can induce erection (Owen et al.,
1989, Stief et al., 1992; Truss et al., 1994). Despite these studies, this category of drugs has never
been studied for the treatment of ED. In addition, there are no studies supporting oral therapy of NO
donors probably due to their low efficacy and/or adverse effects.

The effect of L-arginine, the NO precursor, has been studied in HCC (Gur et al., 2007). L-arginine
relaxed in a concentration- and a time-dependent manner in isolated HCC strips through several
mechanisms including the stimulation of NO/SGC/cGMP/PKG, the uening of Ca?*-activated small
conductance channels, and inhibition of the Rho-kinase syster.. COn this basis, it has been speculated
that L-arginine supplementation could have a role in ED therapy by increasing the endogenous NO
production, but there are no clinical studies supporting *his hypothesis. Among other substances that
can increase NO availability, it is worth reporting .'at sphingosine-1-phosphate (S1P) can modulate
eNOS activity in HCC tissues by module g its phosphorylation operated by Akt. Indeed, both
HCC and the penile artery express the S1P receptors, and exogenous S1P can increase HCC
relaxation induced by a subliminal canc riration of acetylcholine (d’Emmanuele di Villa Bianca et
al., 2006). Further studies are neec>d tu better define the S1IP/NO axis in erectile function.

2.2.1.2 Carbon monoxide/Hem. O xygenase

Heme Oxygenase (HO) 1. ue physiological role to degrade heme. Three isoforms of HO have
been identified, namely, HO-1, HO-2, and HO-3. HO-3 has no activity and is not expressed in
humans, HO-2 is a constitutive form, and HO-1 is inducible. HO is present in the endothelium and
smooth muscle cells, and particular interest has focused on the antioxidant and anti-inflammatory
properties of the inducible HO-1 isoform in the vascular endothelium (Calay & Mason, 2014). HO-
1 and HO-2 degrade heme and generate carbon monoxide (CO) and biliverdin, simultaneously
releasing iron, which is stored within the iron-binding protein ferritin. These products exert
signaling and cytoprotective activities that mitigate apoptosis and inflammation, regulate vasomotor

tone, and exert antioxidant and immunomodulatory functions. The protective role of HO-1 and its
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products in the heart and cardiovascular system is unequivocal (Otterbein et al., 2016), and the
importance of this stress inducible enzyme in cellular homeostasis in humans was supported by the
identification of the first case of HO-1 human deficiency (Yachie et al, 1999). More recently,
another case of human HO-1 deficiency has been reported (Radhakrishnan et al., 2011). These
patients had several systemic pathologies, and symptoms included abnormal coagulation—
fibrinolysis associated with elevated levels of von Willebrand factor, reflecting the presence of
endothelial injury and dysfunction.

Of the three products of heme catabolism, CO remains the mair fou''s of vascular-related scientific
research, and studies on the major actions of CO focus un s cardiovascular and neurological
effects.

Owing to these specific actions, it is easy to hypothesize a ~ale for CO in sexual function and/or ED.
To date, CO involvement has been extensively inve ticated in preclinical studies, while few data are
available in humans (Shamloul, 2009). In pe tici'ar, the expression of HO-1 and HO-2 was detected
in the endothelium lining human penile .-teries and in sinusoidal walls by immunohistochemistry.
Interestingly, as occurs for NO, CO rala»; HCC and spongiosum strips. The relaxation induced by
CO was not accompanied by ir“reases in the intracellular level of cyclic GMP, suggesting that
endothelial-derived NO and the HD/CO system may have a complementary role in penile erection
(Hedlund et al., 2000). ™is cvidence suggests a possible role of the HO/CO pathway in aging,
considered the most important risk factor of ED, but studies on this aspect are lacking both at the
preclinical and clinical levels.

As translocation of CO through the human body is difficult, small molecules known as CO-
releasing molecules (CORMSs) that deliver controlled amounts of CO to biological systems have
been characterized; these molecules are of great interest from a medical point of view. Among
them, SANGUINATE is a CO-releasing/oxygen transfer agent being developed for the treatment of

anemic and ischemic hypoxia. This trial established the safety of SANGUINATE and permitted its
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advance to phase Il trials (Misra et al., 2017). This and other ongoing clinical studies may effort the
use of CO- releasing molecule as therapeutic approach for ED.

2.2.1.3 Hydrogen sulfide

H,S is produced by two pyridoxal-5-phosphate (PLP)-dependent enzymes, namely, cystathionine y-
lyase (CSE) and cystathionine B-synthase (CBS), starting from L-cysteine or homocysteine as
substrates. In addition, H,S is synthesized by 3-mercaptopyruvate sulfurtransferase (3-MST) with
cysteine aminotransferase (CAT) in a PLP-independent manner (Kimura, 2011). A role for H,S
signaling in the urogenital tract has been defined (d'Emmanuele ~i \%lla Bianca et al., 2017). The
first study showing the existence of the H,S pathway in e YCC has been published in 2009
(d'Emmanuele di Villa Bianca et al, 2009). CSE is localize. either within the muscle component or
at peripheral nerves, while CBS was found exclusively at *he muscle level in the human tissue. L-
cysteine, the substrate, or an H,S donor, relaes nrecontracted HCC strips in an endothelium-
independent manner, suggesting a ‘“back rle” for the HS pathway in the case of endothelium
damage. Electric stimulation of HCC stn.~ under resting conditions caused an increase in tension
that was enhanced by inhibiting CSF ar 1/or CBS, implying also that the H,S pathway contributes
to the penile homeostasis. This contribution most likely involves the RhoA/Rho-kinase pathway and
the ATP-dependent potassium charnel (Katp). The effect on Katp is of particular interest, as the
opening of these chaniers leaus to relaxation of the corporal smooth muscle, which is essential
during erection (Kiraly etal., 2013; Insuk et al., 2003; Lee et al., 1999).

Bs adrenoceptor stimulation is known to relax HCC strips in a cGMP-dependent and
endothelium/NO-independent manner (Cirino et al., 2003). Recently, it has been shown that H,S is
involved in PBs-induced relaxation in isolated HCC strips and in penile artery in men (Mitidieri et al.,
2017). Indeed, BRLL37344, a selective B3 agonist, causes increase in H,S production that is reverted
by inhibition using either CSE or a B3 receptor antagonist. Considering that B3 receptors are mainly
localized on the muscle component, the B3/H,S/cCGMP pathway may act as a valid alternative to

NO. Another finding that relates to the link between the H,S pathway and the cyclic nucleotides is
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the discovery that incubation of the human bladder with two stable analogues of cGMP and cAMP
causes an increase in H,S production (Fusco et al, 2012; d’Emmanuele di Villa Bianca et al.,
2015). In conclusion, these findings indicate the H,S pathway as a feasible therapeutic target to
develop new therapies for ED.

2.2.2 Prostanoids

Prostanoids are a heterogeneous group of substances with different physiological effects on the
body. Penile erectile tissue is able to locally synthesize and metabolize most of these substances
(Jeremy et al., 1986; Khan et al., 1999; Minhas et al., 2000; Mrraiad et al., 2001). Production of
thromboxane A2 (TXA2), prostaglandin F2o (PGF2a), riu.tacyclin (PGI2), prostaglandin D2
(PGD2), and prostaglandin E2 (PGE2) has been reported in ;{CC. It is well established that they can
modulate both contractile and relaxant effects in hurwai. trabecular and arterial smooth muscle
(Hedlund & Andresson, 1985; Angulo et al 2707 The effects of prostanoids are mediated by
specific receptors, namely, TP (TXA2), FP ‘PCf2a), IP (PGI2), DP (PGD2), and EP (PGEs). The
EP receptor family has been further diviucd into four different subtypes (Breyer et al, 2001). EP1

~ 2+,
-7

receptors cause elevation in intracelli’tar EP2 and EP4 receptors increase cyclic-AMP through
the activation of adenylyl cyclasc (AC); EP3 receptors activate AC and drive Ca®* mobilization
(Woodward et al, 2011; Colen.~n et al, 1994). TXA2 and PGF2a, through the activation of the TP
or FP receptor, and PGE, trwough EP1 and EP3, mediate the contraction of erectile tissue (Angulo
et al, 2002). PGD2, PGE, and PGI2 can induce smooth muscle relaxation (Pierce et al., 1995). The
major relaxing prostanoid in corpus cavernosum smooth muscle is PGE (PGE1 and PGE2), which
induces relaxation by binding to G-protein-coupled receptors (EP2-EP4) and by increasing CAMP
synthesis (Lue & Dahiya 1997). Forskolin, a potent activator of AC, increases CAMP production
induced by PGE, suggesting a synergistic effect (Traish et al., 1997). Indeed, the intracavernous
injection of forskolin in patients with ED who had failed to respond to standard PGEL injection

therapy improved erection in 61% of them (Mulhall et al., 1997), probably for the enhancement of

the relaxant corporal effects of PGELl. Another possibility to enhance the effect of PGEL is the
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combination with aAR antagonists such as doxazosin (Kaplan et al., 1998). Intracavernous injection
of PGE1 (alprostadil) has been largely used before the advent of the oral inhibition of PDE5 despite
the penile pain being a common adverse event (Wespes et al 2000). Alprostadil, the first and only
drug approved for the intracavernous treatment of ED (Eardley et al., 2010), is used as monotherapy
at a dose of 5-40 pg (Hatzimouratidis et al, 2017) or in combination: i) papaverine and alprostadil
(Zaher 1998); ii) ketanserine and alprostadil (Mirone et al., 1996) ii) phentolamine and alprostadil
(Mehinardt et al1996). Currently, the most effective intracavernous therapy is a three-drug mixture
therapy “trimix” containing papaverine (8-16 mg) plus phentolamine (0.2-0.4 mg) plus alprostadil
(10-20 pg). This triple combination has the highest efficacy raws, reaching 92%. Furthermore, the
trimix has similar side effects as alprostadil monotherapv bu* a lower incidence of penile pain due
to the presence of a lower dose of alprostadil (Hatzimoutidis et al., 2017; He et al., 2011). In
addition, in patients who do not respond to the «ririx alone, the combination with sildenafil is
suggested (Park et al, 2008). To bypcss .ne adverse event of intracavernous injection and
ameliorate the compliance of patients, a medical urethral system for erection (intraurethral PGE1)
has been developed (Hellstrom et a' .9%6; Padma-Nathan et al., 1997). Nehra et al., in 2002,
performed a clinical study using ‘the \traurethral PGEL in combination with sildenafil (inhibitor of
PDE5) in patients where the e of the single agent failed. This combination proved to be well
tolerated and effective (Nchra et al., 2002). More recently, alprostadil has been marketed in the
form of a cream, a noninvasive treatment that combines PGE1 with a skin enhancer that improves
the local absorption (Moncada & Cuzin, 2015). This formulation has a favorable pharmacodynamic
profile and is poorly absorbed in systemic circulation, thereby allowing a reduced risk of adverse
systemic effects. This local formulation represents a useful therapeutic tool in several clinical
settings where a systemic administration is not indicated by the risk-benefit ratio. More recently, the
pharmacological and physiological activities of novel EP and DP receptor agonists have been
characterized in humans (Brugger et al., 2008). EP agonists showed no consistent correlation

between their pharmacological profile, and their effect in HCC; AS702224, a potent DP1 selective
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agonist, showed high activity in causing the relaxation of human cavernosal tissue, stimulating pro-
erectile responses. The clinical development of DP1 receptor agonists as intracavernosal agents may
provide a more desirable alternative to intracavernosal PGE1 (Brugger et al., 2008).

2.2.3 Dopamine

The physiological actions of dopamine (D) are mediated by five distinct but closely related G
protein-coupled receptors that are divided into two major groups: the D1 and D2 (Vallone et al,
2000; Andersen et al., 1990). In detail, D receptors in mammalians have been classified as D1-like
(D1 and D5) and D2-like (D2, D3, and D4) according to their hn'ing affinity and their ability to
modulate AC activity (Beaulieu & Gainetdinov, 2011). Beyo'w *he D role in the central regulation
of penile erection, an involvement at the peripheral level ha. been reported in HCC (d'Emmanuele
di Villa Bianca et al., 2005). Both D1- and D2-like rersp.ars are expressed in HCC, and they are
mainly localized on the smooth muscle cell corpcaert. Interestingly, apomorphine (a nonselective
dopaminergic receptor agonist) relaxed in 2 concentration-dependent and endothelium-independent
manner precontracted HCC strips. In adai.’on, the authors have demonstrated, by using selective D1
and D2 agonists, that D1 receptors =re ™uinly involved in penile erection, and this effect is partially
mediated by NO. The exact role f D receptors, especially D1 receptors, in the corpus cavernosum
has not been clearly defined ¢ further studies will clarify its role, D1 receptor may represent a
feasible therapeutic target Mr Co.

2.2.4 Vasoactive Intestinal Peptide

Vasoactive intestinal peptide (VIP) is a 28-amino acid-peptide neurotransmitter with potent
vasodilatory properties involved in penile erection in humans (Ottensen et al., 1984; Ehmke et al.,
1995). In a study conducted on nine men, i.e., two normal volunteers and seven patients with ED,
the concentration of VIP in cavernous blood resulted in an increase of up to 20-fold during
tumescence or erection, while no changes were observed within the peripheral circulation,
suggesting local release of the polypeptide (Virag et al., 1982; Ottensen et al., 1984). Conversely, a

study in healthy volunteers showed contrasting results (Becker et al., 2002). The authors did not
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find any increase in VIP plasma levels in the systemic and cavernous blood when the flaccid penis
reached rigidity. During penile detumescence, cavernous VIP levels increased, whereas VIP
remained unaltered in the systemic circulation. Interestingly, following ejaculation, VIP levels in
the cavernous blood increased, whereas, in the systemic blood, no significant changes were
recorded. Overall, these studies suggest a role for VIP in erectile function.

In vitro functional studies on isolated HCC strips VIP caused a concentration-dependent relaxation
through an increase in CAMP without affecting cGMP levels (Hedlund et al., 1995), and this effect
was blocked by VIP antiserum (Adaikan et al, 1986). 'mn.nohistochemical studies have
demonstrated the presence of VIP in autonomic nerves in the si~ooth muscle of HCC and in penile
vessels (Polak et al., 1981). The presence of VIP signalinn ,.2s also been found by immunoreactivity
in the human circumflex vein, and its functional role has Loen reported. VIP relaxed the circumflex
vein precontracted with NA (Kirkeby et al., 1992+ .n addition, human penile erectile tissue has
been found to contain high concentrations ¢” VI'» (Polak et al., 1981; Shirai et al., 1990, Hedlund et
al, 1995). In particular, the VIP content "1 cavernous tissues was determined by radioimmunoassay
in 18 patients with ED and 5 healtrs c¢~rarols. A lower penile VIP content was found in patients
with organic ED than in healthy ndividuals, suggesting a negative correlation between ED severity
and VIP content (Shirai et al., 1030). In line with this finding, the number of VIP-immunoreactive
nerves and the concentaucn ur VIP immunoreactivity in the penises of ED men were considerably
reduced compared with those in healthy men (Gu et al 1984). These lines of evidence indicate that a
deficiency in VIP might be cause ED. Numerous NO synthase (NOS) and VIP-containing axons
have been found in the human penis. More than 50% of the perivascular nerve fibers and more than
90% of the trabecular nerve fibers within the corpus cavernosum stained positive for both NOS and
VIP. NOS/VIP-immunoreactivity was reduced in diabetes or absent in case of lesion of the
cavernous nerve in penile tissue, supporting the concept that NO and VIP act as neural comediators
of penile erection in humans (Ehmke et al., 1995). Finally, the effect of castration on VIP

immunostaining in HCC was studied in patients with chemical or surgical castration. The authors
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conclude that VIP is not an androgen-dependent neuromediator and could be responsible for
sexually induced erection in castrated patients (Cormio et al., 2005).

The findings that the intracavernous injection of VIP caused various degrees of tumescence within
few minutes and lasted 15-20 minutes associated with a significant increase in penile circumference
suggested VIP as a possible pharmacological approach (Ottensen et al., 1984; Adaikan et al., 1986;
Kiely et al, 1989). However, Wagner and Gerstenberg, in 1987, have shown that intracavernous
injection of VIP did not induce erection in men per se. Improvement in erectile response was
obtained only when VIP was injected intracavernously in ~onfination with papaverine or
phentolamine (Kiely et al., 1989). On this basis, two clinical si1ies were conducted, showing that
the combination of VIP with phentolamine mesylate was safe and effective in men with ED
(McMahon, 1996; Dinsmore et al., 1999). It is waru: reporting that Invicorp®, which is a
combination of 25 pg VIP and 1 or 2 mg phertc'smine mesylate for intracavernous use, has been
registered for ED in Denmark.

2.2.4 Urotensin-I1

Urotensin-11 (U-11) is a cyclic peptid~ ¢-irnally isolated from the teleost neurosecretory system and
subsequently identified in other sp-cies including humans (Russel 2008). It is an important factor of
cellular homeostasis. Indeed, L-'! plays an important role in the pathogenesis of several acute and
chronic diseases and i1 e uevelopment of cardiovascular disorders, metabolic syndrome (MS),
inflammation, liver cirrhosis, renal failure, diabetic nephropathy, and reproductive dysfunction
(Svistunov et al, 2018). At the cardiovascular level, it causes both wvasoconstriction and
vasodilation depending on the concentration and route of administration, the vascular district, and
the species. Its vasoactive effect is mediated by binding to a G-protein-coupled receptor (UT
receptor) (Russell, 2008). U-1l and the UT receptor were found in HCC. Interestingly, U-I1 relaxed
precontracted HCC in an endothelium-dependent manner, and the inhibition of eNOS reduced the

relaxing effect, suggesting the involvement of NO (d'Emmanuele di Villa Bianca et al, 2010,
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d’Emmanuele di Villa Bianca et al, 2015). These data may suggest U-1l as a novel target in erectile

function.

3. ERECTILE DYSFUNCTION

ED is a common disorder that affects quality of life. ED can negatively affect a man's mental health,
his relationship, and his general well-being. The presence of ED, therefore, provides an opportunity
to potentially address multiple issues that affect a man's general health (Burnett et al., 2018);
https://www.auanet.org/guidelines/male-sexual-dysfunction-erectil=-a,<function-(2018)#x8049).
ED is prevalent in more than half of males aged above 60 v:a> and it is defined as the persistent
(at least 6 months) inability to achieve and maintain penile (+ection sufficient to allow a satisfactory
sexual performance (The National Institutes of Health ( 'IH) Consensus Development Panel on
Impotence. 1993; Hatzimouratidis et al. 2010*. -D has affected more than 150 million men
worldwide, and this number will reach apy cox’.nately 322 million by 2025 (Ayta et al., 1999).ED
affects an estimated 150 million men y~bally and up to 30 million men in the United States
(Burnett et al., 2018).

As already discussed, erection @ thought to be a process that is regulated by hormones and
neurovascular mechanisms at thie c2rebral and peripheral levels. The causes of ED may be primary
or secondary (Fig. 2). myamnent in the sexual hormone level, particularly the lack (or a significant
reduction) of them during the early developmental stage of male children, is the major cause of
primary ED. The majority of secondary ED is vasculogenic, and ample evidence indicates that ED
is a risk marker for the presence of treatable underlying medical conditions that, left untreated,
reduce quality and length of life (e.g., undiagnosed diabetes and cardiovascular disease [CVD])
(Saigal et al, 2006). In fact, ED can be an early manifestation of coronary artery disease and/or
peripheral ~ vascular  disease (see section “4. ERECTILE DYSFUNCTION AND
CARDIOVASCULAR DISEASE”).

3.1 Erectile dysfunction and risk factors
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3.1.1 Smoking

Smoking is positively associated with an increased incidence of ED, in particular vasculogenic ED
(Sullivan et al., 2001; Polsky et al., 2005). Both the direct use of tobacco and secondhand exposure
are considered a consolidated risk factor for ED (Kupelian et al., 2007). The most well-understood
signal transduction mechanism underlying ED, with regard to smoking, involves NOS isoforms
(Butler et al., 2001; Demady et al., 2003). Indeed, smoking has been shown to impair endothelial
NOS-mediated vascular dilation in young men (Huang et al., 2015; Celermajer et al., 1993). In
addition, smoking also causes intrinsic damage to vessels by altering the elastin of the extracellular
matrix and by inducing calcification of medial elastic fiber,, *hereby producing arterial stiffness
(Guo et al., 2006). Smokers are 1.5 times more likely tn scffer from ED than nonsmokers (Dorey,
2001), and the negative impact of smoking on erectile 1w ction is dose dependent and cumulative
(Chew et al., 2009; Wu et al., 2012). Indeed, *o::r smokers and ever smokers have significantly
higher odds of ED than never smokers. I« prrticular, Chew and coworkers evaluated data from
2868 men and observed that the odds ¥ ED, adjusted for age, square of age, and CVD, were
significantly higher among current smnke < (odds ratio [OR] = 1.40; 95% confidence interval [CI]
1.02, 1.92) and ever smokers ('R - 1.57; 95% CI 1.02, 2.42) than among never smokers. In
addition, the adjusted odds o1 ~evere ED were significantly higher among former smokers and the
odds of ED increased wi> uwe number of cigarettes smoked among current smokers (Chew et al.,
2009).

The effect of smoking cessation on erectile function has been largely examined. In a prospective
study on 2837 smokers (aged 30-60 years), for whom a strong association between the intensity of
cigarette smoking and the degree of ED was observed, it has been demonstrated that 1 year after
smoking cessation, patients who successfully stopped smoking had a 25% improvement in erectile
function (Pourmand et al., 2004). Similarly, a change in penile tumescence has been examined in a
cohort of young men (age <40 years). In fact, the erectile tumescence response was significantly

enhanced and had faster onset to reach maximum subjective sexual arousal in successful quitters
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than in those who relapsed (Harte & Meston, 2012). Furthermore, the cessation of cigarette
smoking immediately improved penile hemodynamic. Indeed, within 24 to 36 hours of the cessation
of cigarette smoking, color Doppler parameters demonstrated a significant decrease in end-diastolic
velocity and a trend toward an increase in peak systolic velocity (Sighinolfi et al., 2007).

3.1.2 Alcohol

The role of alcohol in the progression of ED is not completely understood. It is commonly asserted
that alcohol consumption can modulate men sexuality depending on the amount. Indeed, moderate
alcohol intake may foster the initiation of sexual activity through a vasodilatory effect and
inhibition of anxiety, but persistent and chronic use of al.ui.nl can cause central sedation and
decrease libido and thus ED (Sadock, 2005; Graham & Racroft, 2009). In particular, in men who
have chronic alcohol use, the common dysfunctions repnn.d were lack of sexual desire, premature
ejaculation, and ED (Arackal & Benegal, 2007; Dacailv: et al., 2008). It has been demonstrated that
in young adults, binge drink can heightca f'e risk for cardiovascular events such as stroke,
myocardial infarction, increased mortality, cnd atherosclerosis (Sundell et al., 2008; Mukamal et al.,
2005; Marques-Vidal et al., 2001; Kauiaren et al., 1999). The effect of alcohol on cardiovascular
risk may be due to changes in “-ascuar biology such as endothelial dysfunction, which represents
the primary pathogenesis of FC 'lowever, it has also been reported that regular of low/moderate
alcohol intake may decrecce we risk of adverse cardiovascular events. Indeed, a cross-sectional
study based on large population showed that minimal to moderate alcohol use significantly reduces
the risk of ED in young and middle-age males (Weber et al., 2013). In line with these data, a recent
meta-analysis reported that moderate alcohol consumption lowered the risk of ED, but regular and
heavy alcoholic beverage intake was associated with higher ED prevalence (Wang et al., 2018).
3.1.3 Metabolic syndrome and obesity

MS comprises a set of conditions including obesity, hypertension, hypertriglyceridemia, low levels
of high-density lipoprotein—cholesterol, and hyperglycemia. MS has been defined as a cluster of at

least three of the five following metabolic abnormalities: abdominal circumference >102 cm,
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hypertriglyceridemia ~ >150mgdl™®,  high-density  lipoprotein—cholesterol <40 mgdI™*,  blood
pressure >130/85 mmHg, or glycemia >110mgdl* (Expert Panel on Detection, Evaluation, and
Treatment of High Blood Cholesterol in Adults; Alberti et al., 2009). One of the major risk factors
for MS is obesity, a pathological condition that increases the incidence of diabetes, dyslipidemia,
and hypertension. A large body of evidence indicates that abnormal abdominal adiposity is
associated with insulin resistance, leading to diabetes; insulin resistance and the associated
hyperglycemia and adipokines can lead to abnormal lipid profile, hypertension, and vascular
inflammation, all of which promote the development of atheroscleras.. (Meigs et al 2003; Esposito
& Giugliano, 2011). Atherosclerotic disease underlying MS cna obesity is associated with an
increasing likelihood to develop ED. Atherosclerosis assnc.cted with obesity and MS affects the
vascular tissue of the penis as well as generates structurar “amage within the penis tissue (Talavera-
Garcia et al., 2016; Kloner & Speakman, 2002- uiinura et al., 2017). The association between
MS and ED was elegantly described in sor e s'adies (Gunduz et al., 2004; Esposito et al., 2005). In
particular, in a cohort of 100 men affecte. by MS, the prevalence of ED was 26.7% and there was
an increase in the presence of growia numbers of metabolic abnormalities, suggesting a link
between ED and the cumulative burden of cardiovascular risk (Esposito et al., 2005). Several
reports have defined that the 1% © develop ED is 70-95% higher in obese men than in normal-
weight subjects. A study ¢ 1130 Finnish men with no ED at baseline demonstrated that obese men
showed a relative risk of 1.7 to develop ED after 5 years compared to men with normal weight
(Shiri et al., 2004). Among 570 men followed up for 25 years, the incidence of ED was higher in
obese men than in those who had normal weight (RRY 1.7, 95% CI: 1.1-2.5) with a 90% higher
risk in overweight men. It has also been reported that the development of ED is significantly higher
in men with a high body mass index (BMI >30 kg/m?) than in men with a low BMI (<25 kg/m?)
(Larsen et al., 2007). Therefore, body weight has been proposed as an independent risk factor for
ED (Fung et al., 2004). Moreover, endothelial dysfunction, associated with MS, leads to a decrease

in vascular NO levels, thereby resulting in impaired vasodilation, leading to ED. Further, the well-
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documented relationship between obesity and androgen deficiency suggests that reduction in
testosterone levels, followed by NO biosynthesis impairment, is exacerbated by MS and obesity
(Kalyani & Dobs 2007; Diaz-Arjonilla et al., 2009; Kaplan et al., 2006). On the other hand,
hyperglycemia associated with obesity and MS, which increases the production of reactive oxygen
species, not only promotes atherosclerotic damage to the vascular walls but also causes glycation of
penile cavernosal tissue, leading to collagen turnover impairment and later on ED (Beckman et al.,
2001; Jiaan et al., 1995).

3.1.4 Diabetes

Diabetes is positively correlated to an increased ED risk. Inueed, a threefold increased risk of ED
has been documented in diabetic men (Giuliano et al, 2N0~; Giugliano et al., 2010; Thorve et al,
2011). Epidemiological studies that describe the prevelei.ce of ED in diabetes do not generally
distinguish between type 1 and type 2 diabetes “B:~o'i et al., 2002; Kalter-Leibovici et al., 2005),
whereas other studies have reported an incr+ased ED risk in men with type 1 diabetes as compared
to type 2 diabetes (Fedele et al, 2001). However, ED in diabetic patients develops 10-15 years
earlier than ED in the average nondieheti> natients (Feldman et al., 1994). ED secondary to diabetes
is more severe (Penson et al., 203) and more resistant to medical management with oral drugs
(Goldstein et al,, 1998; Corona of al., 2013), leading to a significant decrease in quality of life (De
Berardis et al., 2002). Al assuciation exists between glycemic control and ED because, as reported
in a systematic review of five cross-sectional studies, a poor glycemic control elevates ED risk in
type 2 diabetes (Binmoammar et al., 2016). A clinical study on 571 men with type 1 diabetes clearly
showed that a period of intensive glycemic control significantly reduces ED prevalence in these
patients (Wessels et al., 2011).

The pathogenesis of ED in diabetes is multifactorial and involves not only organic but also
psychological factors. Indeed, diabetes negatively affects self-esteem of men, leading to depression
and anxiety, and the management of the psychological factors is clearly beneficial (Phé & Rouprét,

2012). The other complications associated with diabetes, ie., vasculopathy, neuropathy, visceral
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adiposity, hormonal imbalance, insulin resistance, and hypogonadism, are also recognized as
organic risk factors for ED (Ponholzer et al., 2005; Bortolotti et al., 2001; Giuliano et al., 2004;
Nicolosi et al, 2003; Rosen et al, 2009). Diabetic vasculopathy, due to chronic insult of
hyperglycemia, results in atherosclerotic damage, leading to vascular ED (Esposito et al, 2005;
Giugliano et al., 2010; Guay, 2007). Endothelial dysfunction also decreases NO, thereby impairing
the relaxation of the vascular smooth muscle of the corpora cavernosa, i.e., erection, the key
element (Thorve et al, 2011; Malavige & Levy, 2009). In addition, vascular diseases could
determine autonomic and peripheral neuropathy contributing to Adiac=tes-induced ED through the
impairment of both sensory impulses from the penis to t'e “enexogenic erectile center and of
parasympathetic activity necessary for relaxation of the <mwvath muscle of the corpus cavernosum
(Nehra & Moreland, 2001; Séenz de Tejada et al., 20u~). Finally, visceral adiposity and insulin
resistance, peculiar of type 2 diabetes, lead to ED «wr to a pro-inflammatory state, which results in
decreased availability and activity of NO (E<no-.ito & Giugliano, 2011).

3.1.5 Depression

The association of depression with ED 2 been firmly established, but it may be difficult, in some
cases, to distinguish between thc cause and the effect, ie., whether ED causes depression, or
depression causes ED, in an n».ndual patient. The incidence of ED in depression appears to be
higher than in healthy n.n (Shiri et al, 2007). Moreover, therapy for depression has been
associated with a high prevalence of ED, and this negative consequence may affect compliance with
therapy and ultimate depression treatment success (Gregorian etal., 2002).

A recent systematic review and meta-analysis suggest that patients reporting ED should be routinely
screened for depression, and patients presenting with symptoms of depression should be regularly
assessed for ED. In this regard, policymakers, clinicians, and patients should attend to the

association between depression and ED (Liu et al., 2018).

4. ERECTILE DYSFUNCTION AND CARDIOVASCULAR DISEASE
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CVD and ED share the same risk factors (Fig. 3). ED is now recognized for most men to be of
vascular etiology, with endothelial dysfunction as the common denominator (Solomon et al., 2003).
A study performed on 2126 men aged >20 years old showed that the prevalence of ED was ~50%
in individuals with diabetes (51.3%, 95% CI, 41.9-60.7) or a history of CVD (50.0%, 95% CI, 41.7-
58.3). The prevalence of ED was 13.1% (95% CI, 10.7-15.4) among current smokers and 21.8%
(95% ClI, 16.6-27.1) among obese individuals (BMI >30 kg/m?). Slightly less than half of all
individuals with treated hypertension (44.1%, 95% CI, 37.2-51.1) or a self-reported history of
benign prostate enlargement (42.6%, 95% CI, 33.3-51.9) we= fected by ED. The authors
compared the crude and age-adjusted estimates, suggesting thar ~ge is an important confounder, but
the prevalence of ED among individuals with cardiovasctia, risk factors remained high even after
adjustment for age (Selvin et al., 2007). Endothelial r'ys..nction enhances the intimal proliferation,
resulting in vascular disease and hence causing s;eriic organ impairment or systemic pathology
depending on its grade and extension. EC oft.n precedes CVD and is often present in men with
known CVD, leading to the concept thatr »~ man with ED, and no CVD symptoms, is a cardiac or
vascular patient until proven otherwice, 2rd a man with known CVD should be routinely asked
about his erectile function. The fit reevant study that drew attention to the four main arterial risk
factors (hypertension, diabetes, <rioking, and hyperlipidemia) in men with ED was published in
1985 (Virag et al.,, 1985a, ). in these studies, (men aged 46-48 years), the authors observed that the
frequency of organic ED increased from 49% in the absence of any of the four risk factors to 100%
when 3 or 4 of them were present (Virag et al, 1985b).

To date, many studies have been published on this issue contributing to clarify that a link between
ED and CVD does exist, and they have led to put forward, for example, the artery-size hypothesis.
This hypothesis assumes that i) atherosclerosis is a systemic disease that should, in theory, affect all
major vascular beds to a similar degree; ii) the rate of occurrence of atherosclerotic symptoms in
these vascular beds is dependent on differences in the size of the supplying arteries; iii) larger

vessels can better tolerate the same degree of plague deposition as smaller vessels. The femoral
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arteries are 57 mm and coronary arteries are 3—4 mm, while the penile artery is 1-2 mm in
diameter. Thus, endothelial dysfunction and plaque burden in the small penile arteries can cause the
appearance of the ED symptoms well before they affect blood flow in larger arteries (Montorsi et
al., 2005). In addition, smaller arteries that supply the penile tissues and sinusoids need to dilate up
to 80% to provide blood flow necessary for sufficient venous compression to sustain penile erection
than other arteries that dilate up to 15% (Patel & Lees, 1999). On this basis and with evidence
showing that the degree of ED correlates with the severity of CVD, it has been postulated that ED is
a sentinel symptom in patients with occult CVD. This makes perle . rteries a sort of “sentinel” for
vascular dilation activity in men. The first evidence of a suong association between ED and
subsequent development of clinical cardiovascular events wc.~ formulated in a study by Thompson
published in 2005. This study analyzed men aged 55 vea.~ or older who were randomized to the
placebo group (n=9457) in the Prostate Cancer Pi:vertion Trial at 221 US centers, and they were
evaluated every 3 months for CVD and E"! b.tween 1994 and 2003. Of these 9457 eligible men,
randomized to the placebo group, 8063 ‘85%) had no CVD at study entry; 3816 (47%) were
excluded from the analyses assessint th: issociation of incident ED with cardiovascular events, as
they reported some level of ED :t study entry. Among the 4247 men with no ED at study entry,
2420 (57%) reported incider. F:D after 5 years, and this increased to 65% at 7 years.
Acknowledging this dsscclauon  during a 5-year period and the high prevalence of
vasculogenic/atherogenic etiologies in men of this age, the presenting symptom of ED should
prompt assessment of cardiovascular risk factors and vigorous interventions, as appropriate.
Therefore, it is now widely accepted that while a full cardiovascular evaluation is not necessary in
response to findings of ED in asymptomatic patients, such findings should prompt diligent
observation of at-risk men for cardiovascular risk factors (Thompson et al, 2005). Indeed,
epidemiological and clinical evidence has established that ED precedes the occurrence of CVD

symptoms by 2-5 years (Hodges et al., 2007).
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Of note, the relation between ED and subclinical CVD is even more relevant for the clinical
practice; in general, subclinical vascular disease can be assessed by multiple modalities: cardiac
computed tomography, carotid ultrasound, brachial artery flow-mediated dilation, cardiac MRI, and
ankle-brachial indices. A significant association has been demonstrated between ED and subclinical
disease markers such as flow-mediated dilatation and carotid intima-media thickness, which,
together with coronary artery calcium (CAC) scoring, can predict incident ED. In the Multi-Ethnic
Study of Atherosclerosis (MESA), advanced CAC and carotid plague have been proposed as
markers of early detection of subclinical atherosclerosis to provide cnportunities for predicting the
onset of vascular ED and thus even earlier predict the CVL. \.%en with higher levels of subclinical
atherosclerosis and vascular stiffness/dysfunction at baseline .~d a higher prevalence of ED 9 years
later, and only CAC>100 and carotid plague >2 (odr's .atios: 1.43 and 1.33, respectively) were
independent significant risk factors for ED bevor.« « comprehensive set of cardiovascular risk
factors (Feldman et al., 2016). Moreover, + siynificant negative correlation between IIEF and CAC
score was observed, implying a positive correlation between ED severity and CAC levels (Yaman
et al., 2008).

In summary, while the relationshic of =D and subclinical CVD is less certain, the evidence that ED
is an independent risk factor fo, ©'/D is a wealth of evidence (Uddin et al., 2018; Orimoloye et al.,
2019). In a meta-analysis of Lz prospective studies, it is reported that the incidence of ED is 42.0—
57.0% in men with CAD and 33.8% in those who have diabetes with silent ischemia compared with
4.7% in men without silent ischemia. Compared to men without ED, men with ED experienced a
significantly increased risk of 48% for CVD, 46% for CAD, 35% for stroke, and 19% for all-cause
mortality.

Interestingly, ED evaluation could have more relevant impact in the intermediate cardiovascular
risk group and among younger men (Dong et al, 2011), as, to date, these subgroups are less
monitored for elective preventive treatment. An asymptomatic lipid-rich plaque in the coronary

arteries carries the risk of rupture that leads to acute coronary syndrome or death; thus, for these
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subgroups, ED may be predictive of serious events in the absence of cardiac symptoms (lbrahim et
al., 2018).

Despite general agreement, ED is not mentioned in US risk prediction guidelines (Goff et al., 2014).
In line with US guidelines, neither the European SCORE risk chart nor the ACC/AHA Pooled
Cohort Equations include ED as a variable to include in the calculation of global CVD risk. Of the
common CVD risk calculators, ED status is only included in the recently updated United Kingdom
QRISK-3 10-year CVD risk prediction algorithm, where its presence was shown to be associated
with a 25% increased risk of CVD (Hippisley-Cox et al., 2017). *Mti.> the inclusion of ED in global
multivariable risk prediction models may be a subject of rui.roversy, ED assessment may have
potential utility when adopted as a risk-enhancing factor ‘wiicse presence may signal the need for a
more detailed assessment or aggressive therapy, indepenser.. of these risk scores.

Certain expert and guideline committees such as the <ri.aceton Consensus Ill, and more recently, the
2018 American Urological Association (#¢JA, guidelines on ED, have adopted this approach,
highlighting the presence of ED as an imp~rtant risk marker for underlying CVD that may warrant
further evaluation and treatment (Purrtt et al, 2018; Nehra et al, 2012). The urologist’s
involvement in these consensuses, recummendations, and guidelines is highly encouraged, with an
aim to improve patient qualihv vore and overall health. The decision to treat with preventive therapy
(ie., statins) is now well .~cepted for individuals with a very high (>20%) 10-year Atherosclerotic
Cardiovascular Disease (ASCVD) score. On the other hand, a significant number of men fall into an
“intermediate” (5-20%) score category, where preventive therapy is not always adopted; in this
case, stratification is needed. To this aim, the CAC evaluation has demonstrated significant utility
for both reclassification and therapeutic decision (Greenland et al., 2018). Moreover, individuals
who are in the low-risk group (<5%) but have concerning “risk-enhancing factors” such as ED may
benefit from additional screening.

In summary, the Princeton Consensus Il (Expert Panel) Conference recommends assessing

cardiovascular risk in all patients with ED and CVD. This refers to estimating the risk of mortality
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and morbidity associated with sexual activity. The current recommendations classify patients into
low-, intermediate-, and high-risk on the basis of their New York Heart Association class. The
consensus also recommends that all patients with ED and CVD should undergo lifestyle changes
such as exercise, smoking cessation, healthy diet, and weight reduction. These measures are likely
to reduce cardiovascular risk and improve erectile function. Moreover, patients with ED at high risk
of cardiovascular events should refrain from sexual activity until they have a stable cardiovascular
condition. Their management should be under close supervision from a cardiologist. The guideline
suggests starting the evaluation with a noninvasive assessment. ie., stress testing, ankle-brachial
indices, or carotid intima-media thickness evaluation, in men auce 30 years of age. However, the
specific test ordered is ultimately guided by the evaluating orimary care physician, men’s health
expert, or cardiologist. For patients with clinical Zv), the expert consensus recommends
assessment of cardiovascular risk associated witt _-i'al activity; elective stress testing for low-risk
patients, standardized stress testing for intc cme Jiate-risk patients, and cardiology referral for high-
risk patients. Interestingly, the CAC scoic can also be used in low-risk patients (<5% risk) who
have a strong family history of heart ~isec< (Nehra et al., 2012; Gowani et al., 2017).

We also suggest to the reader thc rewicw by Orimoloye OA, et al., where the link between ED and

CVD has been deeply analyzed .~frred to relevant clinical studies (Orimoloye et al., 2019).

5. TESTOSTERONE AND ERECTILE DYSFUNCTION

In healthy adult men, testosterone production is regulated by the hypothalamic—pituitary—gonadal
(HPG) axis. Higher cortical centers in the brain signal the hypothalamus to secrete gonadotropin-
releasing hormone (GnRH) in a pulsatile manner. GnRH stimulates the release of Iluteinizing
hormone (LH) and follicle-stimulating hormone (FSH) from the anterior pituitary, which, in turn,
modulates testosterone production from the Leydig cells and spermatogenesis by the Sertoli cells.
As testosterone levels increase, negative feedback suppression is exerted on the androgen receptors

in the hypothalamic neurons and pituitary gland, thereby inhibiting the release of GnRH, FSH, and
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LH (Basaria, 2014). Testosterone, among androgens, is mainly involved in the development and
growth of the penis as well as in the regulation of physiological mechanisms during erection in
men. In fact, it plays a crucial role in penile response to sexual stimuli and in the maintenance of
libido. In hypogonadal patients, testosterone supplementation stimulates both sleep-related erections
and erectile function (Kwan et al., 1983; Montorsi & Oettel, 2005). Men with erectile disorder who
have decreased serum levels of testosterone respond well to testosterone treatment, whereas the
efficacy is associated exclusively with high levels of LH and low wvalues of the T/LH
(testosterone/LH) ratio (Rakic et al, 1997). Notably, in healthr’ 1.°n, testosterone administration
enhances the rigidity of nocturnal penile tumescence (Carars o* al, 1990). In addition, a recent
review concluded that “normalizing” testosterone levels, m .en with low testosterone, ameliorates
libido and erectile function when used as monotherapy in men with mild ED. Testosterone therapy
may be ineffective in men with moderate and s2v-re ED, as the etiology for these more severe
pathologies often includes diabetes, radica! pe'vic surgery, or severe neurologic damage. In these
cases, the hormonal factor is often not e primary cause of dysfunction and other treatments are
likely to be more effective (Rizk etal 2.:17).

A relationship between plasma rmones and flow-mediated vasodilation (FMD) of the brachial
artery by using ultrasonography h=3 also been reported. In detail, total and free testosterone and
dehydroepiandrosterone-sw.>te  (DHEA-S) showed significant correlation with FMD%. A low
plasma testosterone level was associated with endothelial dysfunction in men, independent of other
risk factors, suggesting a protective effect of testosterone on the endothelium (Akishita et al, 2007).
Additionally, a well-conducted clinical study showed that precise combined dynamic penile
vascular and hormonal evaluation of patients with ED can unmask subtle endocrine differences
between organic and psychogenic patients. Indeed, patients with organic ED had lower free
testosterone levels than patients with psychogenic ED that correlated well with erectile function and

the degree of trabecular smooth muscle relaxation, measured by the resistive index at dynamic
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duplex ultrasound. Thus, a strong correlation exists between free testosterone and compliance of
cavernous arteries in patients with organic ED (Aversa et al., 2000).

Testosterone, in addition to its central action, can affect erectile function at the peripheral level.
Systemic testosterone levels increase in healthy subjects during the tumescence and rigidity (Becker
et al., 2000b; Stoleru et al., 1993). Similarly, an increase in cavernous testosterone levels was found
in healthy volunteers during penile erection (flaccidity to tumescence), and this increase was less
pronounced in patients with ED (Becker et al., 2001). All these lines of evidence are in line with the
concept of peripheral action of testosterone. This is not surprisngy as it is known that HCC
expresses androgen receptors that are localized in stromal a! in endothelial cells together with
estrogen-alpha receptors (Schultheiss et al., 2003). In outicular, HCC samples obtained from
biopsies of adult potent patients undergoing penile devaucn surgery or male-to-female transsexual
surgery, receiving either estrogens or androgers or their combination, show neither significant
difference in androgen receptor distributior nor any correlation with age. A nongenomic effect of
testosterone has been reported in HCC ~nd human cavernosal artery strips. Testosterone caused
relaxation in both HCC and human rave msal arteries precontracted with NA. To exclude the local
conversion of testosterone into 173 eswadiol by aromatase, dihydrotestosterone was used. It caused
a relaxation that mimicked tes.>stzrone in magnitude and time. Notably, no change in cAMP or
cGMP content was founa ™ 1uman tissues stimulated with testosterone (Waldkirch et al., 2008). A
study published in 2009 clearly demonstrated that testosterone relaxed HCC strips in a
concentration-dependent manner, and this effect was inhibited by blocking Katp. Therefore, acute
vasorelaxant, i.e., the nongenomic effect of testosterone, is mediated in part by increasing potassium

efflux through Katp channels (Yilidiz al., 2009).

6. ERECTILE DYSFUNCTION DIAGNOSIS
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AUA and EAU guidelines propose a schematic approach for diagnostic evaluation and treatment of
ED (Hatzimouratidis et al, 2019; Burnett et al, 2018; Hatzimouratidis et al, 2017,
https://uroweb.org/wp-content/uploads/14-Male-Sexual-Dysfunction LR.pdf ).

The EAU scheme quidelines for ED diagnostic evaluation are reported as follows:

Basic workup
1) Sexual history
2) Physical examination
3) Laboratory testing
4) Cardiovascular system and sexual activity: the patient at sk
a. Low-risk category
b. Intermediate- or indeterminate-risk categrry
c. High-risk category
Specialized diagnostic tests
1) Nocturnal penile tumescence and i.2idity test
2) Intracavernous injection test
3) Duplex ultrasound of the {>nis
4) Arteriography and dynai,e infusion cavernosometry or cavernosography
5) Psychiatric assessh.~n
6) Penile abnormalities
Patient education — consultation and referrals

AUA scheme gquidelines are reported as follows:

1) Men presenting with symptoms of ED should undergo a thorough medical, sexual, and
psychosocial history; physical examination; and selective laboratory testing.
2) For men with ED, validated questionnaires are recommended to assess the severity of ED, to

measure treatment effectiveness, and to guide future management.
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3) Men should be counseled that ED is a risk marker for the underlying CVD and other health
conditions that may warrant evaluation and treatment.
4) In men with ED, morning serum total testosterone levels should be measured.
5) For some men with ED, specialized testing and evaluation may be necessary to guide
treatment.

Thus, the evaluation of men with ED requires a full medical, personal, and sexual history and
focused clinical examination. It is important to obtain careful history to determine the extent of
symptoms and their association with chronic diseases, medication 'ise, and psychosocial issues. The
first approach to evaluate the onset of symptoms, severity u>gree of impact on daily life, and
situational factors that exacerbate symptoms is represented ¢ validated questionnaires used to help
both diagnose and track treatment effectiveness for onatients with ED. Indeed, validated
psychometric questionnaires such as Index for Ersc'4e function (IIEF) or its short version and the
Sexual Health Inventory for Men (SHIM' he,p to assess not only the different sexual function
domains but also the potential impact o: specific treatment (Hatzimouratidis et al., 2017). lIEF,
which consists of 15 items and 5 fdamirs, is a psychometrically valid and reliable instrument that
was developed through consultatixns with an international panel of experts for defining the grade
and area of sexual dysfunction. 'n addition, the IIEF has high sensitivity for detection of treatment
effects and has been adop.~a w monitor changes related to treatment. On the other hand, the SHIM,
also called IIEF-5, is an abridged and slightly modified five-item version of the IIEF, designed for
easy use by clinicians to diagnose the presence and severity of ED in clinical settings. The IEF it is
intended to complement the physical examination and patient history as a means of detecting ED.
Although most patients with ED can be managed within the primary care setting, some
circumstances require specific diagnostic testing, as reported in Table 1, according to EAU
guidelines (2019). The specific diagnostic tests are summarized in Table 2. In particular, evaluation
of nocturnal penile tumescence (NPTR) and rigidity testing using RigiScan (Hatzimouratidis et al.,

2010) are recommended. NPTR was reported to occur in all men of different age groups during
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periods of rapid eye movement (REM) sleep (Karacan et al., 1975), assuming that, during sleep,
psychological factors cannot interfere with nocturnal erection, whereas organic factors can interfere
variously. The RigiScan device, considered one of the most reliable tools to diagnose ED and to
differentiate psychogenic from organic cases, allows to measure penile tumescence and rigidity
continuously through two loops, one to be placed around the base of the penis and the other toward
the tip, that tighten every 15 or 30 seconds. In addition to thorough full medical, personal, and
sexual history, diagnosis of ED requires appropriate physical examination. First, given the
association of ED with obesity and hypertension, it is advantageo''= w. assess pulse, blood pressure,
and weight (Montorsi et al, 2010). The International Corsw:atuon on Sexual Medicine of the
International Society for Sexual Medicine proposes that lauoratory tests for men with ED include
fasting glucose level, fasting lipid profile, and, in select casc=. hormonal tests (Montorsi et al., 2010;
Qaseem et al, 2009). Hormonal tests includ> -ar'y morning total testosterone evaluation. If
indicated, the bio-available or calculated ree testosterone may be needed to corroborate total
testosterone measurements (Hatzimouratiu= et al., 2017). In addition, to distinguish between
psychogenic and organic ED, several ruidelines suggest the intracavernous injection test. A
vasoactive drug, usually prostagiondin E1, ie., alprostadil, is administered as an intracavernous
injection to assess penile rigidny a'eer 10 minutes (Hatzichristou et al., 1999; Hackett et al., 2008).
Its use as a diagnostic te.* 1ui ED is limited because a positive result can also be found in patients
with both normal and mild vascular disease (Hatzichristou et al, 1999). Indeed, after the
intracavernous injection, a duplex Doppler study of the penis should be requested, if clinically
warranted (Hatzimouratidis et al., 2017). The use of duplex Doppler provides information about
penile  hemodynamic discriminating between arterial insufficiency and veno-occlusive dysfunction
from other causes of ED (Sikka et al., 2013).

More recently, it has been demonstrated that platelet cGMP level may be used as a biomarker for
ED diagnosis and PDES5 inhibitor efficacy (Mirone et al., 2009). Patients with ED (IIEF<26) were

unrolled and randomized to 6 weeks of vardenafil, 5 mg/d or placebo. Platelet cGMP was measured
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in both placebo and vardenafil groups before starting the protocol and after the 6 weeks of
treatment. Similarly, patients completed the IIEF and underwent visual sexual stimulation coupled
with RigiScan. Platelet cGMP content was higher in patients taking vardenafil versus placebo.
Vardenafil was not superior to placebo in improving IIEF but ameliorated visual sexual stimulation-
RigiScan. Interestingly, platelet cGMP content displayed a weak association with [IEF but a
significant correlation with visual sexual stimulation-RigiScan. Although the measurement of
platelet cGMP is not a routine laboratory test, it may represent, in the future, an important
parametric measure that helps to interpret and/or correct the Aata obtained by IIEF and other
psychometric questionnaire in clinical practice for ED dag.nsis and PDE5S inhibitor  efficacy
(’Emmanuele di Villa Bianca et al, 2011). Further stiaws. in a larger cohort, are needed to

support this hypothesis.

7. PHARMACOLOGICAL THERAPY

Basing on the fact that ED and CVD sha,~ common risk factors as reported also in the recent EAU
2019 guidelines (Hatzimouratidis et 2! 2:119), it is recommended to approach the following lifestyle
adjustments:

- weight loss in case of oven.~icat and adoption of a diet to prevent or counteract the negative
effect of risk factors on eL aevelopment,

- sodium dietary restriction,

- regular aerobic physical activity,

- moderate alcohol consumption (two or less alcoholic beverages/day),

- smoking cessation.

The changes in lifestyle could, in some cases, improve the erectile function, while, in the case of
established ED related to other risk factors or organ damage, a pharmacological therapy must be
associated. Several studies have shown some evidence that lifestyle modification and

pharmacotherapy for CVD risk factors may be of help in improving sexual function in men with
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ED. Indeed, regular physical exercise improves erectile function through different mechanisms
involving glucose and lipid metabolism, regulation of arterial pressure, production of NO, and
hormonal modulation. Exercise shows a synergistic effect with the drugs commonly used in the
treatment of ED. Of note, the evaluation of individual cardiovascular risk is mandatory before
prescribing physical exercise, as many patients with ED may have underlying CVD. When exercise
is not contraindicated, the most appropriate protocol must be chosen, considering the individual
characteristics of the patient. Both aerobic and anaerobic/resistance protocols have proven effective.
Meta-analysis studies show that aerobic exercise with moderate *o-vigorous intensity is most
effective in improving erection (Duca et al., 2019). Howevr:, * should be emphasized that more
controlled perspective studies are necessary to determine -~ effects of exercise or other lifestyle
changes in the prevention or treatment of ED (Gupta et !, ’011).

7.1 Oral Therapy

7.1.1 Phosphodiesterase inhibitors

PDEs are enzymes responsible for the hy.'olysis of cyclic nucleotides, namely, cCAMP and cGMP.
In particular, PDE5 inhibitors significan%/ enhance the effect of the endogenous NO, released
following sexual stimulation. Whe» NO is released, inhibition of PDE5 leads to accumulation of
CGMP levels, causing smootr muscle relaxation through the activation of intracellular PK and
modulation of intracelluar ©a’ as well as resulting in influx of blood, thereby facilitating penile
erection (Corbin, 2004; Francis, 2010). These drugs do not induce a direct and erogenous stimulus;
hence, the erection occurs only if the stimulation is associated with natural stimulation (Corbin,
2004). This peculiar characteristic gives a connotation of "spontaneity” that also represents an
advantage from the psychological point of view. To date, PDE5 inhibitors represent a mainstay in
the therapy of ED, effective and well tolerated in more than 70% of cases (Hatzimouratidis et al.,
2017; Burnett, 2018). To date, there are currently seven available PDE5 inhibitors (sildenafil,

tadalafil, vardenafil, avanafil, lodenafil, mirodenafil, and udenafil) with different dosages and



formulation. The review focuses on sildenafil, vardenafil, tadalafil, and avanafil approved by the
US FDA.

PDE5 inhibitors are metabolized by the liver; thus, their metabolism can be altered by CYP3A4
inhibitors and inducers; they possess vasorelaxant properties and exert systemic hemodynamic
effects, which need to be considered when other cardiovascular drugs are co-administered. Special
caution is needed with alpha-blockers, while they are contraindicated in the case of nitrate therapy,
such as nitroglycerin or isosorbide dinitrate. Indeed, the combination with one of these two drugs
would create sustained vasodilation, which could be extremely Aany~rous (Doumas et al., 2015).
Although a causal relationship has not been established, th: ¢Aministration of PDES5 inhibitors in
patients with comorbidities such as diabetes, hypertensicn, and dyslipidemia appears to be
associated with non-arteritic anterior ischemic optic ~euopathy as a side effect. In addition,
headache, dyspepsia, flushing of the face, dizz'ne's. nasal congestion, vomiting, diarrhea, vision
disorders, eye pain/inflammation, back pen, and myalgia are reported as side effects. These
common adverse events are caused by the inhibition of the other isoforms of PDE in tissues outside
of the penis (Burnett et al., 2018). The most significant difference among these drugs is the serum
half-life. Table 3 summarizes the ; harnacokinetic profiles of PDE5 inhibitors.

Sildenafil

Sildenafil is the first PDEC muaoitor used for the treatment of ED; administered orally, at doses of
25, 50, and 100 mg, sildenafil is rapidly absorbed with a bioavailability of 40%, reaching the
maximum plasma concentrations after 60 minutes (Hatzimourratidis, 2006). It is metabolized by the
liver, mainly by the cytochrome isoenzymes CYP3A4 (primary route) and CYP2C9 (secondary
route), to an active metabolite with similar properties, which contributes approximately 20% to the
overall activity. Sildenafil should not be used in patients with severe cardiovascular disorders such
as angina pectoris or severe heart failure. It is also contraindicated in cases of hypotension (blood
pressure <90/50 mmHg), severe hepatic impairment, retinitis pigmentosa, and recent history of

stroke or myocardial infarction. Furthermore, sildenafil can also interact with certain foods and
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beverages, particularly with grapefruit-based juice or supplements. Therefore, it is always
preferable to avoid the consumption of this fruit, which tends to interfere with the correct absorption
of the drug (Mehrota et al., 2007).

Vardenafil

Vardenafil is the second PDES5 inhibitor commercialized in 2003. Vardenafil is a structural
modification of the parent molecule sildenafil. Nevertheless, it has been demonstrated that PDES
inhibitors might have some beneficial effects in men with lifelong premature ejaculation (Gokge et
al, 2011); in particular, the safety and efficacy of vardenafil or sei:valine in premature ejaculation
have been investigated in a randomized trial (Mathers et a. 2009). Vardenafil and sertraline
showed a statistically relevant improvement of prematu,~ ejaculation. This result has been
confirmed by other groups using sildenafil (Abdel-Hamideu al., 2001).

Tadalafil

Tadalafil came on the market in Februar, 2CJ3. The onset of the therapeutic effect of tadalafil
occurs within 30 minutes following aai.™istration, with peak efficacy after approximately two
hours. Efficacy is maintained for up to ¢ hours and not affected by food (Brock et al., 2002).
Tadalafil is administered on demai>1 at doses of 10 and 20 mg or, alternatively, in a daily dose of 5
mg. The recommended starting duse is 10 mg and must be adapted depending on the patient's
response and side effecs. Nany tadalafil 5 mg therapy has also been approved for the treatment of
lower urinary tract symptoms (LUTS) associated with benign prostatic hyperplasia Therefore, it is
useful in concomitant patients with ED and LUTS (Hatzimomouratidis et al., 2017). It has a highly
selective action on PDE5, and no effect is observed on the cardiovascular system, liver function,
and other organs. Tadalafil does not modify the sperm quality and does not cause changes in the
levels of testosterone, FSH, and LH in the blood. Tadalafil is metabolized by the cytochrome P450
enzyme group, particularly by the isoenzyme CYP3A4 (Brock et al., 2002).

Avanafil
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Avanafil is the fourth drug of the PDE5 inhibitors class approved for the treatment of ED marketed
in 2013 at dosages of 50, 100, or 200 mg (Goldestein et al., 2012). After oral administration, it is
rapidly absorbed from the gastrointestinal tract, and the maximum plasma concentration is reached
from approximately 30 to 45 minutes after administration. In the body, approximately 99% of the
drug is bound to plasma proteins. The molecule is extensively metabolized by the cytochrome P450
isoenzyme CYP3A4 and, to a lesser extent, by the CYP2C isoform.

Oro-dispersible tablets

Oro-dispersible tablets (ODTs) are innovative drug delivery systems formulated to dissolve rapidly
when placed in the mouth, without the need for water (Kafp.'a & Gupte, 2013). Several drugs
have been successfully formulated as ODTs including the +DE5 inhibitors vardenafil and sildenafil.
A rapidly disintegrating ODT formulation of vardenafil 70 g has been developed and is marketed
in Europe, the United States, and other countriec. 7 he efficacy and safety of the vardenafil 10 mg
ODT formulation, administered on demand, wrre established in the POTENT | and POTENT II
randomized, placebo-controlled trials (Gitie'man et al., 2010; Sperling, et al., 2011). In both studies,
vardenafii ODT therapy showed <ianiicuntly higher results than placebo for all primary and
secondary measures of erectile Tnctivn. Similarly, an ODT formulation of sildenafil citrate offers
an alternative pharmaceutical 1w to the marketed film-coated tablet (Damle et al., 2014). The
ODT formulation of side.~m improves treatment adherence, thereby enhancing the sexual health
and sense of psychological well-being of patients and their partners (Scaglione et al., 2017).
Accordingly, Cocci and coworkers (2017) have reported that almost all patients enrolled in the
study stated that they recommend this new formulation, as it has greater rapidity of absorption
indeed, the median action time is 20 minutes, and the only side effect recorded is related to the bad
taste. In addition, basing on the results of the food-effect study, sildenafil ODT should be taken on
an empty stomach (Damle et al., 2014).

7.2 Intracavernous therapy
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With the advent of PDES inhibitors as oral therapy, intracavernous injection of vasoactive agents
has been relegated to second-line therapy (Porst, 2000). Prostaglandin E-1 (PGE-1), phentolamine,
and papaverine remain the most used injectable vasoactive drugs and are efficacious for vascular
and nonvascular (psychogenic, hormonal, and neurogenic) forms of ED. According to the AUA
guidelines, an in-office intracavernous injection test dose should be administered to all men to
optimize the dose and to ensure the patient does not develop priapism or adverse effects. In patients
with a history of recurrent priapism, Peyronie’s disease, and bleeding disorders, the decision to use
this medication should be carefully evaluated (Belew et al., 2015)

7.2.1 Prostaglandin E-1

In 1996, PGE-1 became the first and only FDA-approver ponile injectable for ED treatment. It acts
by increasing cCAMP in the penis and reducing free Ca  concentration and then smooth muscle
relaxation. Once injected, PGE-1 is rapidly metabcazed during the first passage through the lung.
Plasma half-life of PGE-1 is approximatev~ " min (Porst, 1996). Side effects include burning
sensation at the time of injection, priapisi (1%), and penile fibrosis (1-3%) (Hauck et al., 1999;
Porst et al., 1998). It has been sugpeste.! ‘nat long-term use of intracavernous injection of vasoactive
agents could promote spontanec s ecection. It has been demonstrated that long-term PGE-1
intracavernous injection may p-ide subjective improvement in erectile function in some men
(Maniam et al, 2001). v."th e advent of PDE5 inhibitors on the market, the use of PGE-1 is
restricted to patients who have failed first-line oral pharmacotherapy. However, in addition to its
therapeutic role, intracavernous PGE1l is commonly used as a diagnostic option to assess the
vascular flow in men with ED. Lack of response in this test suggests the presence of a venous-
occlusive mechanism leakage (Elhanbly et al., 2002).

7.2.2 Papaverine

Papaverine is an opium alkaloid originally isolated from the poppy Papaver somniferum. It is
primarily used with spasmolytic indications in therapy. In 1982, a French surgeon, Ronald Virag,

discovered in Paris that papaverine could be administered as an intracavernosal injection.
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Papaverine injection was used for a long time as a second-line treatment, but currently, it is not
indicated because of more discomfort or side effects to the patient (Glina et al, 2010). It relaxes
cavernous smooth muscle by nonspecific inhibition of PDEs, increasing CAMP and cGMP levels.
Papaverine has essentially hepatic metabolism with a plasma half-life of 1-2 h. Finally, as it occurs
for PGE-1, papaverine is used as diagnostic tool to exclude vasculogenic causes (Mutnuru et al.,
2017)

7.2.3 Phentolamine

Phentolamine was discovered in 1978 (Domer, 1978). It = a nonselective alpha-adrenergic
antagonist that inhibits smooth muscle cell contraction. It h~s ~eak efficacy as monotherapy and
can be used in combination therapy only.

7.2.4 Vasoactive intestinal peptide

VIP increases the activity of adenosine cyc'as® ‘vith consequent cavernous smooth muscle
relaxation and penile erection. Side effects inc'ude flushing and headaches. Generally, it is used in
combination with phentolamine when the monotherapy is ineffective (Dinsmore & Wyllie, 2008).
The combination, named Invicorp® =np.~ed in Denmark, shows a reduction in the incidence of
priapism, pain, and fibrosis.

7.3 Intraurethral therapy

7.3 Prostaglandin E-1

PGE-1 is also available as an intraurethral suppository. Patients who wish to avoid oral or injectable
medications may choose this route of administration. While intraurethral administration of PGE-1
ameliorates erectile function over placebo, it is less effective than the intracavernous injection
(Dinsmore & Wyllie, 2008). The most common adverse effect is penile or urethral pain (Costa &
Potempa, 2012). This medication should be used with caution in patients with increased risk for
priapism or in patients with urethral disease. A condom should be used during sexual activity with a
pregnant female partner to minimize the potential risk of fetal exposure to prostaglandin.

7.4 Topical therapy
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7.4 Prostaglandin E-1

A multicenter, open-label, long-term study in 1,161 patients with ED evaluated the safety and
efficacy of topical alprostadil that was administered in the penis meatus before intercourse (Rooney
et al, 2009). It was considered effective and safe by most patients and their partners, with most
adverse events limited to the application site. The delivery of alprostadil offers an improved
alternative.

7.5 Low-intensity Extracorporeal Shockwave Therapy

Low-intensity extracorporeal shockwave therapy (LI-ESWT) is incided as first-line therapy for
ED. In fact, it has been proven to be useful for vaous medical conditions such as
neovascularization in  myocardial ischemia, nonhealing wc'nds, ED, and chronic pelvic pain
syndrome. In this scenario, several studies suggest that L1 =SWT can improve the IIEF-5 and the

Erection Hardness Score of patients with mild EC (. u ~tal., 2017).

8. PREFERENCES AND SWITCH STUDIES: ARE ALL THE PDE5 INHIBITORS THE
SAME?

The discovery and introduction ¢* therapy of the PDE5 inhibitors have revolutionized the treatment
and the management of ED. PDE5 inhibitors are considered an efficient and well-tolerated
treatment option (Eardley ~t ., 2010; Hatzimouratidis et al., 2016; Ventimiglia et al., 2016). The
satisfaction of patients receiving ED therapy is a multifaceted and personal matter, and there are no
clearly recognized and reliable criteria for selecting among PDES5 inhibitors. Indeed, there are no
significant differences for what concerns safety and efficacy. These inhibitors differ mainly in half-
life, duration of action, and dietary effects on absorption (Forgue et al, 2006; Nichols et al., 2002;
Stark et al., 2001). In addition, what makes even more complicated the panorama is that the
adherence of patients to the PDE5 therapy cannot be exclusively based on the erectile response and
the side effects. Indeed, how the treatment meets the needs and expectations of patients and how it

affects the relationship between the partners must be considered. In other words, patients using
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different PDE5 inhibitors have a similar perception of improvement after treatment (Jannini et al.,
2009). To define possible difference among these inhibitors, several preference studies comparing
PDE5 inhibitors have been performed. Most of these studies have compared sildenafil and tadalafil,
and only few have addressed vardenafil, even less udenafil and avanafil. Albeit, the same being
observational, sponsored by industry, or biased, they suggest a general preference for tadalafil
(Smith et al., 2013; Govier et al., 2003; von Keitz et al., 2004; Eardley et al., 2007; Tolra et al.,
2006). Similarly, Mirone and coworkers (2009) have reported that there is lack of direct
comparative studies, and preferences studies are inconclusive an” b.>sed. Therefore, it is complex
to select the most favorable PDE5 inhibitor (Mirone et al., 2Cus) Moreover, up to 50% of patients
stop treatment for the cost, inadequate efficacy, or =2a.~rse events. Indeed, the International
Consultation on Sexual Medicine Reports concluded thai, despite the favorable clinical data, high
dropout rates exist, and it is extremely difficult t> ‘efie the “best” PDES inhibitor (Hatzimouratidis
et al, 2016). Nevertheless, a more recer’ w-.ll-conducted meta-analysis examines the efficacy of
sildenafil and tadalafil and provides impo.*ant evidence for the selection of PDES inhibitor for the
clinical treatment of ED (Gong et =!, °r17). Tadalafil and sildenafil exhibit comparable efficacy,
safety, and satisfaction for th: treatment of ED, and tadalafil significantly improved the
psychological outcomes. The aurer:nce and persistence rates for tadalafil and sildenafil were equal.
Both men and women picfenied tadalafil to sildenafil for the treatment of ED. Thus, tadalafil may
be a better choice for ED treatment. On the other hand, a meta-analysis published in 2015 included
randomized controlled studies comparing at least one PDES5 inhibitor with placebo or with other
PDE inhibitors, whereas various dosages of avanafil, lodenafil, sildenafil, tadalafil, udenafil, and
vardenafil were used, and it concluded that for men prioritizing high efficacy, sildenafil 50 mg
appears to be the treatment of choice. Men wishing to optimize tolerability should take tadalafil 10
mg or switch to udenafil 100 mg in the case of insufficient efficacy (Chen et al, 2015). In
conclusion, there is no evidence-based guidance for either clinicians or patients regarding PDE5

inhibitor choice. Corona and coworkers have tried to define a simple algorithm as a useful tool to be
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used in daily clinical practice to facilitate the PDES5 inhibitor choice. The algorithm identifies
factors influencing the PDES inhibitor choice during patients’ assessment, for example, age, food,
alcohol, partner needs/requirements, habit frequency versus nonsignificant factors, i.e., anamnestic
factors (Corona et al., 2011). The situation is further complicated by the fact that often patients
switch from one PDE5 inhibitor to another, and this does not allow to perform real-world study. In
addition, there is a high discontinuation rate. An inadequate treatment response could be responsible
for this, but additional factors have been associated with a higher probability of discontinuing
treatment, including age above 60 years, presence of comorbidities ‘Souverein et al., 2002), and
severe ED (Sato et al., 2007). Likewise, emotional and rzi onship factors as well as financial
reasons have also been mentioned as the cause for aw.-ontinuation. In this context, a study
conducted on patients with ED, self-reported as nor-esponders to either tadalafil or vardenafil,
demonstrates that often an increase in “nonresprndsre” to a selected PDE5 therapy is related to
insufficient information on i) the timing of intercourse, i) food instructions, and i) fewer
doses/attempts performed by the patients ‘Hatzimouratidis et al., 2006). The authors conclude that
by using a continuous administratior scheme, a consistent number of “nonresponders” to PDES
inhibitor therapy may be salvaged.

Thus, for the reasons describeu akove in detail, it is not suitable to use these studies to define, or
better unmask, possible u.feicnces among the PDE5 inhibitors that could help to define different

therapeutic approaches, i.e., the more appropriate PDE5 inhibitor for each ED patient category.

9. FUTURE THERAPEUTIC APPROACHES

9.1 Stem cell therapy

Preclinical studies have investigated the use of intracavernous stem cells for the treatment of ED
following radical prostectomy (RP) with encouraging results. Recently, stages | and Il of a phase
I/l clinical trial of intracavernous injection of autologous bone marrow mononuclear cells (BM-

MNCs) in humans have been reported (NCT01089387) (Yiou, 2017). In stage I, four doses of
52



intracavernous injection of BM-MNCs were tested in 12 patients, and the safety and the efficacy
were evaluated at scheduled time points (1, 3, 6, and 12 months). Overall, BM-MNC injection
improved most of the sexual function scores at 6 months. In stage Il, six additional patients received
the optimal dose identified in stage 1 (10*9 BM-MNCs), and the results of 12 patients included in
stage | were reported. The study suggests that intracavernous injection of BM-MNCs is safe and
improves erectile function. Interestingly, significant improvement of erectile function has been
found using injection of autologous adipose-derived cells freshly isolated by liposuction in patients
with RP (Haahr et al., 2016). Therefore, both approaches aprear *o be promising interventional
therapies of ED following RP.

9.2 sGC stimulators and activators: BAY 60-4552

A direct stimulation of sGC can be considered as an aw"rnative approach, especially for patients
who do not respond to PDES5 inhibitors. BAN  67-4552, a heme-dependent stimulator, was
considered as a promising molecule fror« preclinical studies. A phase Il study examined the
efficacy and safety of the combination . BAY 60-4552 (1 mg) and vardenafil (10 mg) versus
vardenafil (20 mg) in patients who did % respond to standard 20 mg vardenafil. The combination
was effective compared to plachbo out was not superior to vardenafil alone. A prospective,
randomized, double-blind, dou.'e-Jummy, placebo, active controlled, multicenter study assessed
the efficacy and safety o1 *he combination BAY 604552/vardenafil compared to vardenafil (20 mg)
for the treatment of ED, not sufficiently responsive to standard therapy with PDES inhibitors
(Monica & Antunes, 2018).

9.3 Rho/RhoA Kinase inhibitor

SAR 407899 has been characterized as a novel and potent selective Rho-kinase inhibitor with
promising antihypertensive activity (LOohn et al, 2009). Later, it has been demonstrated that
SAR407899 both in isolated HCC strips and in an in vivo animal model showed greater potency
and longer duration of action than sildenafil (Guagnini et al., 2012). SAR407899 has been tested in

a clinical study in patients with ED (NCT00914277) but discontinued due to the lack of efficacy.
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More recently, the relaxant effect of Y-27632 in HCC strips has been demonstrated, which was
enhanced in the presence of vardenafil (Uvin et al., 2017). Therefore, the combination of inhibition
of Rho-kinase and PDE5 inhibitor may represent a promising oral therapeutic approach for the
treatment of ED.

9.4 Maxi-potassium channel activators

It is a well-consolidated concept that potassium channels contribute to the penile erection (Archer,
2002). To date, andolast (Rottapharm BioTech, Monza, lItaly) is the only maxi-potassium channel-
activating drug still in clinical development. It is in phase Il tria, for the treatment of allergic
rhinitis, asthma, and chronic obstructive pulmonary disease (*vic!~roa et al., 2015). A phase | trial
has investigated the effect of a single-dose corpus cavernnsu» injection of thw transfer of the naked
DNA sequence of the alpha-subunit of the maxi-row-sium channel in eleven patients with
moderate-to-severe ED. Unfortunately, the efficacy ~arnot be drawn from these results, as, in the
phase | trial, no control group was incluc :d. Aowever, the promising primary safety outcomes of
the study and preliminary indications ot ~ffectiveness provide evidence that maxi-potassium gene
transfer is a viable approach to the (eitment of ED and that further studies investigating the
efficacy of maxi-potassium in patints with ED should be performed (Melman et al., 2006).

9.5 NO donors

A recent study evaluaeu tre efficacy and tolerability of MED2005, a 0.2% glyceryl trinitrate
topical gel, formulated into an enhanced absorption topical delivery system administered on
demand, in the treatment of ED. The primary outcome measure was the IIEF score. The start of
erection was noticed within 5 and 10 minutes in 44.2% and 69.5%, respectively, of all intercourse
attempts with MED2005. In total, 23.1% of patients showed a clinically relevant increase in IEF-
EF scores (>3 points) after treatment with MED2005 compared to 14.5% of patients compared to
placebo. Patients and partners showed significant preferences for MED2005 over placebo. This
study suggests that topical glyceryl trinitrate could be a useful treatment option in mild ED (Ralph

et al., 2018). Further studies including higher doses of MED2005 are needed to better clarify the
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clinical significance particularly in case of moderate and severe ED. In relation to MED2005, there
is an ongoing study of phase Il clinical trial (see “10. ONGOING CLINICAL TRIALS” section).
Clinical studies have been also performed using L-arginine, the NO precursor. The efficacy and the
safety of 8 g L-arginine aspartate combined with 200 mg of adenosine monophosphate with placebo
alone for intermittent treatment of mild-to-moderate ED were compared (Neuzillet et al., 2013).
This pilot phase Il study showed that the on-demand oral administration of the combination may be
effective in patients with mild-to-moderate ED, and this treatment was very well tolerated. These
preliminary results need to be confirmed in a larger size phase 11l <tuu

9.6 Melanocortin agonist

The efficacy and safety of synthetic melanotropic peptides V™Il and PT-141 have been investigated
in the treatment of ED. Subcutaneous injection of *the MTII peptide (0.025 mg/kg) elicited
significant erection in 8 /10 men with psychogen’z ™D assessed by real-time RigiScan compared to
placebo. These findings were supported 'v “ double-blind placebo-controlled study where the
administration of MTII to 20 men with p<vchogenic and organic ED resulted in penile erection in
17/20 men in the absence of video se> c<dmulation. Therefore, the latter result suggests that MTII
agonist acts with a mechanism thxt does not require sexual stimulation to achieve an erection as it
occurs for a PDE5 inhibitor. ™hv, most frequent side effects noted were yawning, nausea, and
decreased appetite (Wesse:'s e al., 2000). The clinical study leads to the development of PT-141, a
molecule that possesses efficacy comparable to MTII but with an improved tolerability profile and a
more rapid onset of action. PT-141, a cyclic heptapeptide melanocortin analog, was evaluated
following intranasal administration in healthy male subjects and patients with ED. In the phase 1A
study, a clinically significant erectile response was observed in patients with ED following single-
dose PT-141 administration compared to placebo. The pharmacokinetics and pharmacodynamics
data collected in these studies indicate that PT-141 is a promising candidate for further evaluation
as an ED therapy (Diamond et al., 2004; Rosen et al., 2004). The contribution of the melanocortin

system to the sexual function is well established, and the role of the melanocortin-4 receptor
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subtype has received particular interest. In a pilot clinical study in patients with ED, a potent and
selective melanocortin-4 receptor agonist displayed a similar level of efficacy to sildenafil (Lansdell
et al., 2010). Albeit preclinical and clinical studies showing the melanocortin system as a promising
target for pharmacological treatment for ED, there have been no further studies to support this to
date.

9.7 Botulinum toxin

Botulinum neurotoxin (BoNT) is one of the most potent toxins known to humans. It is produced by
Clostridium botulinum, an anaerobic spore-forming, gram-prsm.= bacterium. Poisoning with
BoNT can cause botulism, resulting in generalized paralysis irci.ing respiratory arrest and death.
There are seven distinct biochemical and serological forms ¥ BoNT (A, B, C1, D, E, F, and G).
BoNT-A, BoNT-B, and BoNT-E can cause botulism n. humans, whereas the remaining BoNT
forms can cause disease only in animals. BoNT-+ is the most commonly used form in medicine.
However, during the past four decades, B ‘NT-A has been used to relax muscles to treat several
striated and smooth muscle disorders in aJition to its wide use in esthetic medicine. More recently,
it has been investigated whether the muc~k. relaxing capacity of BoNT-A could be used within the
corpora cavernosa to enhance pe:ile ecections, introducing a possible new line of treatment for ED.
Two human studies are availab.c fom Egypt. The first is a phase | pilot randomized controlled trial
of 24 patients that was c.™peted and presented at meetings of the International Society for Sexual
Medicine and affiliated societies (Ghanem et al, 2016). The second is a phase Il randomized
controlled trial of 160 patients that is in progress (Ghanem et al., 2017). The efficacy of BONT-A
was evaluated by penile color Doppler and Erection Hardness Score associated with the SHIM
questionnaire and Sexual Encounter Profile questions 2 and 3 at baseline and 4 weeks after
treatment. The treatment improved the vascular parameters and SHIM scores, and the
NCT03102762 clinical trial is still ongoing (see “10. ONGOING CLINICAL TRIALS” section).

Therefore, BoNT-A could represent a promising therapy in vasculogenic ED.

56



10. ONGOING CLINICAL TRIALS

10.1 A Study to Assess the Safety and Tolerability Profile of TR399 in Healthy Volunteers and
Patients with Erectile Dysfunction

TR399 is a topical preparation of 5% vardenafil HCI-3H,O. Nonclinical studies have shown that the
topical use of TR399 can enhance erection and sexual behavior in animal models without causing
irritancy and photo toxicity. An ongoing phase I/IIA study is assessing the safety and the
tolerability profile of TR399 in healthy volunteers and patients with ED. This study will be
conducted in a single-arm and open-label fashion, and it is desioned to assess the safety and the
pharmacokinetics of TR399 in both healthy volunteers anu pauents with ED (NCT03102398;
https://clinicaltrials.gov/ct2/home).

10.2 Botulinum Toxin for Erectile Dysfunction

The purpose of this trial is to evaluate the safetv: «.d .he efficacy of intracavernosal botulinum toxin
injection as an alternative line of treatme t *1 patients with ED not responding to oral PDE5
inhibitors through cavernosal smooth musc'e relaxation. This study is a phase Il trial designed to
confrm the phase | resulte. i a larger group of men (NCT03102762;

https7//clinicaltrials.gov/ct2/home).

10.3 Clinical Trial of Topicclly applied Glyceryl Trinitrate (GTN) for the Treatment of

Erectile Dysfunction

This phase Il trial will be a dose-ranging, multicenter, randomized, double-blind, placebo-
controlled, home use, parallel-group clinical trial of topically applied GTN MED2005. This study
will recruit approximately 1,000 patients at European centers with mild, moderate, or severe ED
and compare the efficacy of 0.2%, 0.4%, and 0.6% w/w GTN doses of MED2005 against that of
placebo using IIEF-EF clinical endpoints. The trial will be conducted throughout Eastern Europe
with a three-month study period for each patient (NCT02495467;

https7//clinicaltrials.gov/ict2/home).
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10.4 Very Small Embryonic-like Stem Cells for Erectile Dysfunction

The aim of this clinical trial is to assess the safety and the efficacy of autologous very small
embryonic-like stem cells to organic ED, such as those associated with MS or the treatment of
prostate cancer. This study will document for the first time the safety and the efficacy of underlying
penile cellular damage. The efficacy will be evaluated by using validated scores and color duplex

Doppler ultrasound (NCT03973021; https://clinicaltrials.gov/ct2/home).

11. CONCLUSION

The prevalence of ED increases with advanced age and w." the presence of a systemic disease; in
fact, the vasculogenic ED is a complex multifactorial ev=it linked to many morbidity factors, of
which the most important are risk factors comn~.i 'vith that indicated for CVD. Thus, clinical
evaluations may not always be enough for the assessment of ED, and it is widely accepted that
laboratory testing such as fasting bloou alucose, HbAlc, and lipid profile or the use of penile
Doppler ultrasonography should be corsidared for the evaluation of penile vascular structures in
patients with ED. Moreover, ED i the absence of CVD is now considered a “sentinel symptom” in
patients with occult undiagnose.! CVD where the endothelial dysfunction has a key role.

The introduction of silce i <n the market in 1998 as an oral remedy for ED has opened an
entirely new field of research that has been flourishing in the past 20 years. This increase in interest
contributed to a better understanding of the pathophysiology of erection function. As has been
described and discussed in the above sections, we now have much information and we are in the
process of identifying new therapeutic targets that should allow us to cure those cohorts of patients
who are nonresponsive to PDE5 therapy. Another important issue is that there is still an unmet need
for objective parameters, instead of validated questionnaires, to better classify the grade of ED. The
development of these objective markers will also be instrumental to increase our knowledge of the

efficacy of PDE5 inhibitors and even more relevant the relative potency of the drug under
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examination. In this regard, the measurement of cGMP levels in platelets could be considered one
such marker, as it can be determined in the peripheral blood in case of PDE5 inhibitor treatments.

The review focuses on data collected from human preclinical and clinical research only. The reader
will realize that there are still many unanswered questions that need to be addressed and more
efforts need to be made to improve ED therapy. The emerging strategies from basic science toward
the anticipation of features, treatment of ED, and new treatments using pharmacological and

innovative therapies could represent a real change in ED therapy.
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Table 1

Indications for specific diagnostic tests*

Primary ED (not caused by organic disease or psychogenic disorder).

Young patients with a history of pelvic or perineal trauma, who could benefit from potentially curative
revascularization surgery or angioplasty.

Patients with penile deformities that might require surgical correction (e.g., Peyronie’s disease, congenital
penile curvature).

Patients with complex psychiatric or psychosexual disorders.

Patients with complex endocrine disorders.

Specific tests may be indicated at the request of the patient or his p wrtne .

Medico-legal reasons (e.g., implantation of penile prosthesis tr 4o 'ment end-stage ED, sexual abuse).

* Hatzimouratidis et al 2019; EAU guidelines
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Table 2

Specific diagnostic tests*

Nocturnal Penile Tumescence and Rigidity (NTPR) using RigiScan®
Vascular studies:

- Intracavernous vasoactive drug injection

- Penile Dynamic Duplex Ultrasonography

- Penile Dynamic Infusion Cavernosometry and Cavernosography

- Internal pudendal arteriography

Neurological studies (e.g., bulbocavernosus reflex latency, nerve condctiu 1 studies)
Endocrinological studies

Specialized psycho-diagnostic evaluation

* Hatzimouratidis et al 2019; EAU guidelines
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Table 3

Pharmacokinetics of PDE-5 inhibitors

Sildenafil
Tmax (min) 45-60
Cmax (min) 30-120
Vd, mean (l) 105
Duration of action (h) 3-5
Metabolism Hepatic
Principal route CYP3A4
Secondary route CYP2C9

Vardenafil
45-60
30-120

208

4-6

Hepatic
CYP3A4

CYP3AS
CYP2C

Tadalafil
120
120
63
17.5

Hepatic
CYP3A4

Avanafil
30-45

30-45

6-17

Hepatic
CYP3A4

CYP2C9
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Flaccid state Erectile state
Contracting agents Relaxing agents

Erectile function
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Figure 1. Schematic representation of erectile function. A tight balance between contracturant and
vasorelaxant agents concurs to the ercctiae iunction in healthy men. The most relevant contracting
agents (left side of the balance) enu vasorelaxing agents (right side of the balance) involved in the

flaccid and erectile states, respactiv.:ly, are reported.
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Hypogonadism

Psychological problems Organic/vascular problems

Secondary erectile dysfunction

v
Primary erectile dysfunction

Figure 2. Primary and secondary erectile ,.fun.tion. A scheme representing the most important
causes associated with primary or seconda.’ erectile dysfunction. The dotted line indicates

inhibition.
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A link between Erectile Dysfunction (ED) and Cardiovascular Disease (CVD):

The endothelial injury/dysfunction

Metabolic syndrome

obesity Diabetes

/

Endothelial dysf.'n.:tion

(CARDVASC '/ AR DISEASE |

' EREC !LE DYSFUNCTION '

Figure 3. Vascular erectie dysfunction (ED) and cardiovascular disease (CVD). ED and CVD
share the same risk factors that cause endothelial dysfunction. In patients with ED who do not suffer
from CVD, the ED must be considered as a warning symptom, suggesting a different diagnostic and
therapeutic approach. In this case, ED should be considered as a mirror of CVD. This approach will

contribute to prevent CVD events and to a better counteract/delay in the worsening of ED.
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[ Erectile Dysfunction treatment scheme ]
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Figure 4. Scheme of er:ctne dysfunction (ED) treatment. This scheme shows the flowchart
suggested by the ED guidelv es (EUA and AUA). In case of concomitant presence of ED and risk
factors for CVD, the clinicians must also consider treating patients for CVD symptoms/risk factors

such as hypertension, hypercholesterolemia, diabetes, and atherosclerosis.
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