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Background. The population of uncontrolled asthma patients represents a large therapeutic burden. The PDE3-inhibitor
enoximone is a strong and quick bronchodilator and is known to successfully treat life-threatening bronchial asthma (status
asthmaticus). Translational mice models showed anti-inflammatory effects when PDE3 was targeted. Methods. Here, we in-
vestigated the effectiveness of PDE3-inhibitor enoximone as oral treatment for chronic asthma in a real-life off-label setting.
Investigational use of PDE3-inhibitor enoximone: 51 outpatients (age 18-77) with chronic asthma were followed using off-label
personalized low doses of the PDE3-inhibitor enoximone. Duration of treatment was 2-8 years. Results. Four groups could be
distinguished as follows: The first group includes patients who use enoximone as an add-on, because it helps them in maintaining a
better general wellbeing; they still use their traditional medication (n=5). The second group consists of patients who use
enoximone and were able to phase down their traditional medication without deterioration of their asthma symptoms (n=11).
The third group comprises patients who were able to discontinue their traditional medication and use only enoximone without
deterioration of their asthma symptoms (1 = 24). The last one has patients who, after having used enoximone for some time, saw
their symptoms disappear and now use no medication at all, not even enoximone (n = 11). All patients reported improvement or at
least alleviation of their asthma symptoms. All patients reported a better quality of life and greater drug compliance. Conclusion.
The evaluation shows that PDE3-inhibitor enoximone is a viable alternative for or addition to current asthma therapeutics, as both
add-on and stand-alone, considerably reducing the use of LABAs/SABAs/ICS, with no or negligible side effects. Additional studies
are advisable.

useful when patients present a very specific distinct endotype
and are not suitable in acute exacerbations. Other ‘new’
therapies are merely variations on ICS, or, for children, on

Asthma is an inflammatory obstructive airway disease [1, 2].
Causes for developing asthma are to be found in an interplay
of environmental factors and the degree of exposure to those
factors, combined with a multitude of genetic variations that
become apparent in a wide range of immune cells and
structural cells. In the last two decades, improvement re-
garding asthma treatment has been marginal; inhaled cor-
ticosteroids (ICS) are still the main therapy [3, 4]. Treatment
with biologicals shows a reduction of ICS, but they are only

drugs that were allowed for adult asthma patients, such as
beta-2-mimetics, anticholinergic agents, magnesium sulphate,
and aminophylline (clinicaltrials.gov). In extreme broncho-
constriction, all of these are of little or no avail [5-7]. In the
past decades, the literature has hinted at the therapeutic
potential of phosphodiesterase-3(-PDE3)-inhibitors in
asthma [7-9]. The most well-known nonspecific PDE3-in-
hibitor is theophylline, having a limited dosage efficacy,
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narrow therapeutic window, and a weak bronchodilator effect
[8]. Another PDE3-inhibitor, enoximone, was developed for
treatment of heart failure in the 1980s; it increases cyclic
adenosine monophosphate (cAMP) and ionized calcium in
the myocyte, resulting in increased myocardial contractility.
In vascular wall smooth muscle cells, enoximone causes an
increase in cAMP and in cyclic guanosine monophosphate
(cGMP), resulting in relaxation and subsequent vasodilata-
tion; the same applies to bronchial smooth muscle cells,
causing bronchodilation [10, 11]. In heart failure, a disease
with a very complex pathophysiology, PDE3-inhibitors were
banned because they led to faster heart deterioration and
increased mortality (in high doses up to 2400 mg/day) [12].
However, since the 90s, enoximone, in ten times lower doses,
is standard care in ICU and perioperatively, to enhance
cardiac and pulmonary function [10, 13]. Based on the idea of
bronchodilation, enoximone has been used successfully in 8
cases of status asthmaticus after all other treatments according
to asthma guidelines had failed [5, 6]. This in turn led to
preoperative treatment, in small doses, for asthma patients,
who are known to face higher risk of pulmonary complica-
tions during and after surgery [14].

Translational preclinical studies in house dust mite-
driven asthma models showed that targeting PDE3 reduced
airway inflammation and epithelial mast cell activation
[15, 16]. Human granulocyte activation with Platelet Acti-
vating Factor (PAF) or f-Met-Leu-Phe (fMLP) induces
CD11b expression, which could be truncated by PDE3-and/
or PDE4-inhibition [16, 17]. Reduction of eosinophilic in-
flammation resulted in reduced exposure to harmful eo-
sinophil peroxidase (EPO) and reactive oxygen species
(ROS). Exposed to EPO and ROS, the mucosa develops
mucosal leakage, tissue edema, complement activation, and
immune activation, as often seen in severe asthmatics
[18-20]. PDE3-inhibition reduces granulocyte-macrophage
colony-stimulating factor (GM-CSF)- production of the
epithelial cell cultures, supports tight junction protein ex-
pression, and improves mucosal barrier function [21]. In
vivo, it shows anti-inflammatory effects by reduced serum
Tumor Necrosis Factor-alpha (TNF-«) levels [22, 23].

PDE3-inhibition provides multiple effects:

(i) Improvement of mucosal barrier function in cAMP
dependent changes of the cytoskeleton and tight
junctions, effectuating a decreased sensitivity to
allergy related stimuli [24]

(ii) Direct smooth muscle relaxation

(iii) Reduction of IgE-induced inflammation

Recent clinical trials include biologicals that target
merely one specific inflammatory mediator; the most im-
portant outcome variables are the reduction in inhaled ICS
and exacerbations. Guidelines from EMA and FDA propose
a fixed dose for clinical trials, but real life represents a
different situation. Real-life asthma investigation primarily
focuses on the patient and on patient-reported outcome and
thus offers opportunity for personalized medication ((long-
term) asthma patients are quite capable of assessing their
own dosage). Studies for EMA or FDA drug registration only
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allow patients with strict compliance to the study protocol;
without strict compliance, patients will be regarded as study
dropouts. Unfortunately, this practice leads to omission of
potentially relevant study results.

Drug repurposing is an interesting field of reinvesti-
gating well-known drugs for new indications [25]. Roughly,
the subjected drug should meet the following criteria:

(i) Evidence from literature regarding possible effects
(5]
(ii) Translational studies showing beneficial effects [13]

(iii) Small pilot studies (real-life experiences/investiga-
tion) that should be performed, showing beneficial
effects [20]

(iv) Single and/or multiple escalation dose finding studies
that should be performed, showing correlation be-
tween pharmacokinetics and pharmacodynamics

This paper reports the results of long-term real-life in-
vestigational use of orally administered enoximone, using a
personalized dose, for maintenance treatment of (chronic)
asthma, showing a decrease in asthma symptoms, an im-
provement in quality of life, a substantial reduction in ICS/
LABAs/SABAs, and a high patient compliance to the drug.

2. Case Series

2.1. Route to Investigational Use. The literature reports side
effects of both high doses of enoximone (2400 mg/day) and
relatively low doses of enoximone (150 mg/day) in the
treatment of heart failure [12, 26, 27]. High doses meant
detrimental side effects; low doses meant no therapeutic
effect and no or limited adverse side effects. After discon-
tinuation of the use of catecholamines, PDE3-inhibitors,
including enoximone, have been standard of care over the
past 20+ years, perioperatively and in the ICU, in heart
failure and pulmonary obstructive disease. The immediate
and positive effect of a bolus of enoximone in eight near fatal
cases of status asthmaticus launched a new train of thought,
earmarking enoximone as a treatment for (chronic) asthma
[5]. Consequently, 25mg enoximone (Perfan ®, Car-
inopharm GmbH, Elze, Germany) (a dose indicated to be
within safety limits [27]), was administered preoperatively to
asthma patients, given that these patients are known to run a
higher risk of pulmonary complications during and after
surgery [14]. The results were positive, whereupon some of
the patients asked for continuation of treatment after hos-
pital discharge, as they felt that their current therapy lacked
sufficient result or produced unwanted side effects. Due to
successful treatment in hospital and the domino effect by
word of mouth, over the past 8 years, a number of 63 patients
found their way to low-dose enoximone for the treatment of
asthma, including 12 minors [28].

2.2. Inclusion and Exclusion Criteria. No explicit exclusion
criteria were used, neither in age, nor in morbidity, as the
literature indicates that the extreme low dosage used in this
investigation is not hazardous to any disease or disorder.
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Pregnant patients were advised to give birth first before
starting treatment. Patients who turned out to be suffering
from pulmonary aspergillosis due to frequent/long-term
steroid use were advised to treat the fungal infection first.

2.3. Enoximone Use by Patients. An initial daily dose was
determined (see Safety and Dosage), the first one admin-
istered under auspices of a physician; follow-up took place
within a week (or sooner, if necessary), concerning asthma
control, wellbeing, and side effects. A questionnaire was
presented, addressing asthma symptoms, used medication/
side effects, exercise capacity, wellbeing, and quality of life up
to the moment of first interview; the same questionnaires
were handed out approximately two months later in order to
evaluate the differences. During the first month, the patients
were contacted and evaluated every week. Over time, con-
tacts were less frequent (but still ongoing) and eventually
mostly coincided with the request for a new prescription. As
this paper describes investigational use of enoximone in
asthma, no blood values or other invasive measurements
were involved.

Enoximone is currently only available in a liquid for-
mulation. This concerns an intravenous solution containing
ethanol and propylene glycol; for oral intake, patients mix
this liquid with a drink, such as a soda, coftee, tea, or fruit
juice. One patient noticed that enoximone, taken with milk
or yogurt, seemed to require a longer exposure time, which
suggests that somehow a chemical reaction occurs with
(probably) a milk protein which possibly delays the phar-
macological effect; this led to discouraging milk and yogurt
as an administering aid. Water is an option but does not
mask the somewhat bitter taste of the solution, which can be
unpleasant for some people.

2.4. Safety and Dosage. Enoximone for asthma is a new
indication that has not yet been described in medical lit-
erature up to now, so an algorithm for optimal dosage was
formed, based on the above-mentioned literature, the ex-
periences with the status-asthmaticus patients in the
Emergency Room [5], and the preoperative treatment of
severe asthma patients, and on extensive research on mice
[16]. The premise was to search for the lowest effective dose,
the frequency of administration ideally being 1 dd, or, in the
absence of complaints, as needed. Eventually, the algorithm
showed an average dose of 0,0625-0,125 mg/kg bodyweight,
which translates to a personalized dosage of 5-10 mg dd for
adults. A maximum dose of 20 mg dd is advised, or, if the
frequency is lower, a maximum of 25 mg per administration
(150 mg/day is considered within safety limits [27]).

Patients were asked to confer in case they felt the need to
(temporarily) increase/reduce their dose.

2.5. Ethical Agreements. CCMO and METC permission do
not apply since this is an investigational use report. Health
Care Inspection in The Netherlands was contacted in 2014 to
report our intention and to ensure that enoximone treat-
ment for asthma would follow the rules for off-label

administration. From 2018 to 2020, the therapy was audited;
no irregularities were observed and clearance to proceed was
obtained. Use is according to Dutch law and follows the
principles of the Declaration of Helsinki. Informed consent
was asked and obtained from all patients.

3. Results

3.1. Four Different Case Groups. Four groups emerged within
the treated patients (n=>51; age 18-77 years) (Table 1 and
Figure 1):

(i) Group 1: patients who use enoximone as an add-on,
along with their traditional medication (n=>5)

(ii) Group 2: patients who use enoximone and were able
to reduce their traditional medication (n=11)

(iii) Group 3: patients who were able to discontinue their
traditional medication and use only enoximone
(n=24)

(iv) Group 4: patients who, after having used enoximone
for some time, saw their symptoms disappear and
now use no medication at all, not even enoximone
(n=11)

The most important observation regarding clinical ad-
vance and follow-up is that all patients experienced im-
provement in wellbeing, even if they could not phase down
their traditional medication; patient-reported outcome
varied from more stamina, more air, and easier breathing, to
an increase in quality of life, including being able to (better)
perform everyday activities such as sports, social functions,
and work. As for specific asthma symptoms, results such as
less coughing/wheezing, less fatigue, better endurance, less
sick days, and less hospitalization were reported. A sec-
ondary effect was that several of the patients noticed a
decrease in their asthma-related comorbidities such as hay
fever, rhinitis, eczema, and allergies (group 1, Table 1).

Another relevant observation was that 11 patients (group
2, Table 1) saw that the use of their traditional asthma
medications, especially steroids, drastically reduced and that
another 35 patients (groups 3 and 4, Table 1) were able to
discontinue these altogether. Unexpectedly, the patients who
were able to discontinue their traditional medication (within
10 weeks (median); (immediately 1year (range)) and use
only enoximone form the largest group (n=24 (group 3,
Table 1). 11 patients (group 4, Table 1) were able to dis-
continue not only their traditional medication, but also the
enoximone, without return of complaints.

Retrospective analysis of the use of topical, inhaled
corticosteroid (ICS) by asthmatic patients, treated with
enoximone, shows that the majority of the asthmatic pa-
tients could phase down their ICS medication (p<0.01
Figure 1(a); ICS medication was measured according to the
GINA treatment strategy steps classification). Subdivided in
treatment groups: no asthma medication was needed (n=9)
(p <0.01) after a period of enoximone add-on therapy (13 y;
Y5 - 5y median y; range y) (Figure 1(b)), only enoximone
therapy with incidentally SABA/LABA (n=21) (p <0.0001)
(Figure 1(c)) and enoximone together with ICS (n=11)
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FIGURE 1: Asthma patients were able to phase down asthma medication when enoximone was taken (ICS use reduction according to
GINA guidelines). Asthma patients were treated at least 3 months with enoximone (n=41; enoximone 15-105mg/week (in 1-7
dosages)). (a) Asthmatic patients (1 =41) using or having used enoximone (on enox./after). (b) No traditional asthma medication was
needed any more (n=9). (c) Only enoximonetherapy with incidental SABA/LABA (n=21). (d) Enoximone together with ICS (n=11)
(Wilcoxon matched-pairs signed rank test * = p<0.05; ** = p<0.01; *** = p<0.001) (enox.=enoximone).

(p<0.05) (Figure 1(d)). None of the patients showed pro-
gressive disease or hospitalization after starting enoximone
treatment. Patients turned out to be highly motivated to
continue enoximone therapy because of its immediate effect;
this notably favours good compliance [29-31]. Table 2
summarizes patient group characteristics including the
baselines age, sex, duration of treatment, and the dosage.

3.2. Adverse Events/Beneficial Effects. In our total patient
group of 51 treated with low-dose enoximone, only 3 patients
experienced side effects. One of them (Table 1#9) experienced
a slight headache after taking enoximone and another was
(Table 1#10) a mild case of diarrhoea; both issues were solved
by distributing the medication over multiple moments of
intake/day; they can possibly be traced back to hypersensi-
tivity to the solvents used in enoximone’s current liquid form
(ethanol and propylene glycol). One other (Table 1 #2) had
trouble sleeping and felt restless and agitated. At the time, the
patient experienced a burn-out which might also have been
responsible for these symptoms. However, this patient did
report that she was now, using enoximone, able to inflate a
balloon, something she could not do before. All other side
effects (see Discussion) have been specifically asked after but

were not reported. In contrast, beneficial effects were men-
tioned: better asthma control, traditional medication being
phased down or abandoned, and the disappearance of agi-
tation, tachycardia, and a rushed feeling caused by, e.g.,
salbutamol or salmeterol when enoximone took their place.

4. Discussion

This paper describes as a preliminary report the relevance
of PDE3-inhibition, especially enoximone, as a treatment
for chronic asthma. Its beneficial effects seem to far exceed
its side effects; in addition, patient compliance is high and
quality of life is enhanced. Enoximone as an add-on seems
to fit in an ICS/LABAs/SABAs reducing regime, and
enoximone as stand-alone seems, in many aspects, to be an
adequate alternative for the traditional treatments [32]. The
fact that even patients from group 1 experience beneficial
effects from the add-on therapy (without being able to
phase down their traditional medication) is, in itself, an
important observation. NB: this group consists of by far the
oldest patients, being all women. The aging lung is asso-
ciated with a decline in lung function and especially in this
population represents a more COPD-like endotype with a
Thl and Th17 inflammation profile [33].
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TaBLE 2: Summary of patients group characteristics including the baselines age, sex, duration of treatment, and the dosage.

Group Age median range (low high) Male/female duration Dosage mg dd (median range (low high))
A 58 (40-76) 0/5 >2-8 years 5 (3-10)
B 43 (26-60) 4/7 >2-8years 10 (5-15)
C 48 (18-77) 15/9 >2-8 years 10 (3-15)
D 44 (24-70) 7/4 2 (0,5-6) 5 (5-12,5)

A PDE3-selective systemic given drug bypasses particle
size and drug inhalator problems and selectively targets
exclusively PDE3, even in the very distal small airways
[34, 35]. PDE3-expression is mainly limited to the cardio-
vascular system and lungs and is in general low or absent in
other organs. Low-dose PDE3-inhibition provides a quick
beneficial airway function-improving effect in severe asthma
patients [5-7].

We acknowledge that real-life investigation has its
limitations, but it is a meaningful and valuable addition to
randomised controlled trials [36]; they each provide
equivalent and complementary answers to the same question
[37]. This investigation showed that most asthma patients
are already familiar with various traditional medications for
their condition and can assess quite adequately their need for
less/more medication. This need can be influenced by season
(pollen, heat, and cold), exercise (sports, games), or inci-
dental illness (flu, common cold). Patient feedback also
revealed that time and frequency of intake sometimes made
a difference in the efficiency of the working mechanism;
5mg twice a day, morning and evening, had more effect in
some patients than 10mg once a day. Patients who had
contracted a (mostly viral) respiratory infection appeared to
benefit from a slightly increased frequency or dosage. For
patients who experience a ‘normal” asthma pattern, it does
not seem to matter whether the daily dose is 5, 10, 15, or
20 mg. Neither is the severity of asthma a parameter: in most
cases, severe uncontrollable asthma responded just as well to
10 mg dd as mild asthma. This indicates a propitious dose-
effect ratio; it accentuates that the traditional approach of
‘one dose fits all’ does not work in the context of asthma and
that drugs should be prescribed based on a personalized
dosage, searching for the lowest possible effective dose. In
case of exacerbations and additional disorders (colds, re-
spiratory tract infections, pneumonia, and hay fever), an
increase in dosage and/or a higher frequency of adminis-
tration may be applied.

Real-life investigations represent the shift towards per-
sonalized medication, based, in this case, primarily on de-
crease of asthma symptoms and improvement in quality of
life [36]. This is also demonstrated from biologicals such as
omalizumab (anti-IL-5 in severe asthma); variability in bi-
ologic levels has been shown to impact efficacy when also
used in other applications of biologicals, e.g., in Inflam-
matory Bowel Disease [38]: an adapted personalized pro-
tocol was needed for more asthma-related benefit [39, 40].

As secondary criteria, substantial reduction of ICS/
LABAs/SABAs and high compliance to the drug should be
considered. The vast genetic and phenotypical variation of
patients suffering from shortness of breath calls for per-
sonalized medication. The causes of shortness of breath are

multifactorial, involving immune cell inflammation and
several structural cells (bronchoconstriction/edema).
According to EMA and FDA guidelines, all these cells should
be targeted by different drugs, e.g., immune cells by ICS and
structural cells by LABAs/SABAs. PDE3-inhibitors target
multiple cells at once, including mast cells, basophils, epi-
thelial cells, endothelial cells, smooth muscle cells, and
granulocytes. Ideally, for adequate patient compliance,
therapies should be easy-to-take and the therapeutic effect
should be instantaneously. Our patients distinctly experi-
enced the immediate effects of enoximone treatment (within
10 minutes (median)), which made them more motivated to
continue [29, 30, 41], even with the drug in its current liquid
formula (requiring additional actions for intake, having an
unpleasant taste, and containing a solvent); this underlines
the need for adequate medication for (severe) asthma as
LABAs/SABAs/ICS apparently are unsatisfactory. In order
to eliminate the administration issues, it seems advisable to
market enoximone in tablet form; tablets are easy to carry,
less socially obvious (in contrast to, e.g., inhalers), and
solvent-free and can be taken with plain water, which makes
medication compliance much easier. Availability in tablet
form will need a complete drug repurposing project.

Existing literature on high dose enoximone mentions
several side effects: extrasystoles, supraventricular arrhyth-
mia, ventricular tachyarrhythmia, hypotension, headache,
sleeplessness, nausea, vomiting, diarrhoea, mild thrombo-
cytopenia, and a reversible increase of liver enzymes. Rare
side effects are cold shivers, oliguria, urine retention, and
muscle pain in the extremities [12, 26, 27]. The side effects
experienced by the patients in this investigation were of a
minor nature and could be solved without affecting the
patients’ asthma improvement. Two out of three can most
probably be attributed to a hypersensitivity to the diluent
(propylene glycol, a nontoxic solvent, and antifreeze agent
that is often used, in low concentrations, in food (wine),
cosmetics, and medicines) in which enoximone is dissolved
in its current, liquid form. Beneficial side effects were en-
couraging: asthma-related comorbidities such as hay fever,
allergic rhinitis, allergies, and eczema that appeared to be less
pronounced due to enoximone treatment.

The current data show that PDE3-inhibition is profitable
not only for acute and very severe asthmatics but also for
steroid-using chronic asthmatics [5, 6]. This observation was
recently confirmed in a north African study involving the
PDE3-inhibitor milrinone, validating both findings on
PDE3-inhibition in this paper and in translational research
on the beneficial effects of milrinone in allergic airway
models [7, 16]. Let it be noted that milrinone has a shorter
half-life than enoximone and hence a shorter effect [7, 16].
Milrinone also might represent an exclusion criterion for
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cardiac patients, as it causes less cardiac diastolic relaxation
than enoximone, increasing the chance on arrhythmias
[12, 26]. Low-dose enoximone does not have this restriction.
Although LABAs/SABAs/ICS have a favorable benefit-to-
risk ratio, studies indicate several negative effects; potential
adverse systemic effects after long-term exposure include
adrenal suppression, decreased bone density, growth sup-
pression, cataracts, yeast/fungal infections, skin alterations,
and mood changes, emphasizing the importance of reducing
steroids [32]. Of late, more and more data have come
available on the use of ICS and beta-2-mimetics being more
dangerous than already estimated and that their combined
(prolonged) use masks disease severity [3, 4, 42, 43].

As for monoclonal antibody therapy [31], adverse in-
cidents such as exacerbations, hospitalization, autoimmune
responses, and autoantibodies have been reported [44].
Monoclonal antibodies are contraindicated in acute asthma
exacerbations. In one case, the effect of mepolizumab had
worn off after 3 weeks; guidelines allowed the next dose only
after 4weeks. The patient suffered an exacerbation and
immediately needed additional supportive medication. He
was adequately helped by merely one dose of 15 mg enox-
imone (personal communication). Dose adaptation should
be performed for optimal patient care as reported above for
omalizumab [39, 45].

Low-dose PDE3-inhibitors have been administered for
long term and prospectively in pediatric heart-related diseases,
without mentionable adverse effects, which creates options to
use PDE3-inhibitors in pediatric severe asthma [46-48].
Particularly, with children large gains can be achieved re-
garding the disadvantages of ICS, hospital admissions/com-
plications, and early social stigmatization. Sparing children
the inconveniences, disadvantages, and invalidation associ-
ated with asthma (and, consequently, avoiding them be-
coming diseased adults) is obviously essential [28].

Recently, it was observed that intravenous enoximone
was able to prevent mechanical ventilation in severe
COVID-19 patients via a similar mechanism as seen in near
fatal asthma [49]. As severe asthmatics frequently present at
the ER, intensive care physicians are usually the first to treat
them with enoximone; further implementation of enox-
imone therapy could be an important step in better asthma
control. The ultimate goal might be implementation of the
drug at GP level, after having researched the benefit-risk
ratio in extenso. There still is a large unmet need for effective
treatment of severe uncontrollable and chronic asthma;
enoximone seems to offer a valid alternative.

4.1. Plain Language Summary. Real-life investigational use
of the PDE3-inhibitor enoximone in asthma reduces the use
of antiasthmatic drugs. Patients clearly experienced the
immediate and sustained effects of enoximone treatment by
bronchodilation that support therapy compliance and in-
crease quality of life.

4.2. Key Messages. PDE3-inhibitor enoximone as (add-on)
asthma therapy reduces the need for ICS/LABAs/SABAs/
biologicals and hence causes significantly less side effects
when compared to ICS/LABAs/SABAs/biologicals.

Canadian Respiratory Journal

4.3. Capsule Summary. Real-life investigational use of
enoximone in asthma of PDE3-inhibitor enoximone is a
triple-acting antiasthmatic: it causes bronchodilation, is
anti-inflammatory, and works as an antiallergic, suppressing
the stimulus that triggers the allergic reaction. It appears to
be a valuable alternative for traditional asthma treatment.

Data Availability

The data used to support the findings of this study are in-
cluded within the article.

Disclosure

All authors declare no relationship with Carinopharm
GmbH, Elze, Germany, the licensee of Perfan® (enoximone,
intravenous solution).

Conflicts of Interest

J. B.and P. B. are scientific/clinical advisors and shareholders
in BMR BV. Relatives of A. K. are shareholders of BMR B.V.

Authors’ Contributions

J. B. (physician in charge) wrote and edited the manuscript;
P. B. and A. K. were involved in analyzing the data and
reviewing and shaping the manuscript. H. W. Beute, MA,
and W. E. S. Sellers, MD, critically read the manuscript and
provided textual advice.

References

[1] A. Papi, C. Brightling, S. E. Pedersen, and H. K. Reddel,
“Asthma,” The Lancet, vol. 391, no. 10122, pp. 783-800, 2018.

[2] Asthma; https://www.who.int/news-room/fact-sheets/detail/

asthma;.

R. Beasley, M. Holliday, H. K. Reddel et al., “Controlled trial of

budesonide-formoterol as needed for mild asthma,” New

England Journal of Medicine, vol. 380, no. 21, pp. 2020-2030,

2019.

J. Hardy, C. Baggott, J. Fingleton et al., “Budesonide-formoterol

reliever therapy versus maintenance budesonide plus terbutaline

reliever therapy in adults with mild to moderate asthma

(PRACTICAL): a 52-week, open-label, multicentre, superiority,

randomised controlled trial,” The Lancet, vol. 394, no. 10202,

pp. 919-928, 2019.

[5] J. Beute, “Emergency treatment of status asthmaticus with
enoximone,” British Journal of Anaesthesia, vol. 112, no. 6,
pp. 1105-1108, 2014

[6] O. Schulz, O. Wiesner, T. Welte et al., “Enoximone in status
asthmaticus,” ERJ open research, vol. 6, 2020.

[7] A. Sobhy, D. M. Eldin, and H. V. Zaki, “The use of milrinone
versus conventional treatment for the management of life-
threatening bronchial asthma,” The Open Anesthesia Journal,
vol. 13, no. 1, pp. 12-17, 2019.

[8] P.]J. Barnes, “Theophylline,” American Journal of Respiratory
and Critical Care Medicine, vol. 188, no. 8, pp. 901-906, 2013.

[9] L. G. Franciosi, Z. Diamant, K. H. Banner et al., “Efficacy and
safety of RPL554, a dual PDE3 and PDE4 inhibitor, in healthy
volunteers and in patients with asthma or chronic obstructive

[3

[4


https://www.who.int/news-room/fact-sheets/detail/asthma;
https://www.who.int/news-room/fact-sheets/detail/asthma;

Canadian Respiratory Journal

pulmonary disease: findings from four clinical trials,” The
Lancet Respiratory Medicine, vol. 1, no. 9, pp. 714-727, 2013.

[10] M. Leeman, P. Lejeune, C. Melot, and R. Naeije, “Reduction in
pulmonary hypertension and in airway resistances by enox-
imone (MDL 17,043) in decompensated COPD,” Chest,
vol. 91, no. 5, pp. 662-666, 1987.

[11] S. Myou, M. Fujimura, Y. Kamio et al., “Bronchodilator effect
of inhaled olprinone, a phosphodiesterase 3 inhibitor, in
asthmatic patients,” American Journal of Respiratory and
Critical Care Medicine, vol. 160, no. 3, pp. 817-820, 1999.

[12] B. Ding, J.-i. Abe, H. Wei et al., “A positive feedback loop of
phosphodiesterase 3 (PDE3) and inducible cAMP early re-
pressor (ICER) leads to cardiomyocyte apoptosis,” Proceed-
ings of the National Academy of Sciences, vol. 102, no. 41,
pp. 14771-14776, 2005.

[13] S.Myou, M. Fujimura, Y. Kamio et al., “Bronchodilator effects
of intravenous olprinone, a phosphodiesterase 3 inhibitor,
with and without aminophylline in asthmatic patients,”
British Journal of Clinical Pharmacology, vol. 55, no. 4,
pp. 341-346, 2003.

[14] C.-S. Lin, C.-C. Chang, C.-C. Yeh, C.-L. Chung, T.-L. Chen,
and C.-C. Liao, “Postoperative adverse outcomes in patients
with asthma,” Medicine (Baltimore), vol. 95, no. 3, p. 2548,
2016.

[15] J. Beute, K. Ganesh, H. Nastiti, R. Hoogenboom, V. Bos, and
J. Folkerts, “PDE3 inhibition reduces epithelial mast cell
numbers in allergic airway inflammation and attenuates
degranulation of basophils and mast cells,” Frontiers in
Pharmacology, vol. 11, 2020.

[16] J. Beute, M. Lukkes, E. P. Koekoek et al., “A pathophysio-
logical role of PDE3 in allergic airway inflammation,” JCI
Insight, vol. 3, 2018.

[17] A.E. Dunne, T. Kawamatawong, P. S. Fenwick et al., “Direct
inhibitory effect of the PDE4 inhibitor roflumilast on neu-
trophil migration in chronic obstructive pulmonary disease,”
American Journal of Respiratory Cell and Molecular Biology,
vol. 60, no. 4, pp. 445-453, 2019.

[18] D.B. Pearse, L. A. Shimoda, A. D. Verin et al., “Effect of cGMP
on lung microvascular endothelial barrier dysfunction fol-
lowing hydrogen peroxide,” Endothelium, vol. 10, no. 6,
pp. 309-317, 2003.

[19] N. Suttorp, P. Ehreiser, S. Hippenstiel et al, “Hyper-

permeability of pulmonary endothelial monolayer: protective

role of phosphodiesterase isoenzymes 3 and 4,” Lung, vol. 174,

pp. 181-194, 1996.

N. Suttorp, U. Weber, T. Welsch, and C. Schudt, “Role of

phosphodiesterases in the regulation of endothelial perme-

ability in vitro,” Journal of Clinical Investigation, vol. 91, no. 4,

pp. 1421-1428, 1993.

L. C. Wright, J. Seybold, A. Robichaud, I. M. Adcock, and

P.J. Barnes, “Phosphodiesterase expression in human epithelial

cells,” American Journal of Physiology - Lung Cellular and

Molecular Physiology, vol. 275, no. 4, pp. L694-L700, 1998.

J. Beute, V. Manganiello, and A. KleinJan, “Phosphodiesterase

3 and 4 inhibition: facing a bright future in asthma control,” in

Asthma Diagnosis and Management - Approach Based on

Phenotype and Endotypelntechopen, London, UK, 2018.

H. Kern, T. Schréder, M. Kaulfuss, M. Martin, W. J. Kox, and

C. D. Spies, “Enoximone in contrast to dobutamine improves

hepatosplanchnic function in fluid-optimized septic shock

patients,” Critical Care Medicine, vol. 29, no. 8, pp. 1519-1525,

2001.

K. Kobayashi, Y. Tsubosaka, M. Hori, S. Narumiya, H. Ozaki,

and T. Murata, “Prostaglandin D 2 -DP signaling promotes

[20

[21

[22

[23

(24

13

endothelial barrier function via the cAMP/PKA/Tiam1/Racl
pathway,” Arteriosclerosis, Thrombosis, and Vascular Biology,
vol. 33, no. 3, pp. 565-571, 2013.

[25] J. Strovel, S. Sittampalam, N. P. Coussens, M. Hughes,
J. Inglese, and A. Kurtz, Early Drug Discovery and Develop-
ment Guidelines: For Academic Researchers, Collaborators,
and Start-Up Companies, Intechopen, London, UK, 2004.

[26] E. Amsallem, C. Kasparian, G. Haddour, J. P. Boissel, and
P. Nony, “Phosphodiesterase III inhibitors for heart failure,”
Cochrane Database of Systematic Reviews, vol. 57, Article ID
CD002230, 2005.

[27] M. Metra, E. Eichhorn, W. T. Abraham et al., “Effects of low-
dose oral enoximone administration on mortality, morbidity,
and exercise capacity in patients with advanced heart failure:
the randomized, double-blind, placebo-controlled, parallel
group ESSENTIAL trials,” European Heart Journal, vol. 30,
no. 24, pp. 3015-3026, 2009.

[28] J. Beute and A. KleinJan, “Oral enoximone allows the re-
duction and discontinuation of inhaled steroids and beta2
agonists in asthmatic children,” International Journal of Pe-
diatrics and Adolescent Medicine, vol. 19, 2021.

[29] K. R. Chapman, L. Walker, S. Cluley, and L. Fabbri, “Im-
proving patient compliance with asthma therapy,” Respiratory
Medicine, vol. 94, no. 1, pp. 2-9, 2000.

[30] J. S. Kelloway, R. A. Wyatt, and S. A. Adlis, “Comparison of
patients’ compliance with prescribed oral and inhaled asthma
medications,” Archives of Internal Medicine, vol. 154, no. 12,
pp. 1349-1352, 1994,

[31] K. M. Walewski, L. Cicutto, A. D. D’Urzo, R. J. Heslegrave,
and K. R. Chapman, “Evaluation of a questionnaire to assess
compliance with anti-asthma medications,” Journal of
Asthma, vol. 41, no. 1, pp. 77-83, 2004.

[32] L.-P.Boulet and K. Godbout, “Oral corticosteroids tapering in
severe asthma,” American Journal of Respiratory and Critical
Care Medicine, vol. 203, no. 7, pp. 795-796, 2021.

[33] M. E. Kuruvilla, F. E.-H. Lee, and G. B. Lee, “Understanding
asthma phenotypes, endotypes, and mechanisms of disease,”
Clinical Reviews in Allergy and Immunology, vol. 56, no. 2,
pp. 219-233, 2019.

[34] M. Contoli, J. Bousquet, L. M. Fabbri et al., “The small airways
and distal lung compartment in asthma and COPD: a time for
reappraisal,” Allergy, vol. 65, no. 2, pp. 141-151, 2010.

[35] M. Abdo, F. Trinkmann, A. M. Kirsten, F. Pedersen,
C. Herzmann, and E. von Mutius, “Small airway dysfunction
links asthma severity with physical activity and symptom
control,” Journal of Allergy and Clinical Immunology, vol. 9,
2021.

[36] D. Bagnasco, M. Caminati, and G. Passalacqua, “Biologicals
for severe asthma: what we can learn from real-life experi-
ences?” Current Opinion in Allergy and Clinical Immunology,
vol. 20, no. 1, pp. 64-70, 2020.

[37] S. Harari, “Randomised controlled trials and real-life studies:
two answers for one question,” European Respiratory Review :
An Official Journal of the European Respiratory Society,
vol. 27, 2018.

[38] C. A.Lamb, N. A. Kennedy, T. Raine et al., “British Society of
Gastroenterology consensus guidelines on the management of
inflammatory bowel disease in adults,” Gut, vol. 68, no. 3,
pp. sl-s106, 2019.

[39] J. A. Kroes, S. W. Zielhuis, A.-N. van der Meer, K. de Jong,
E. N. van Roon, and A. Ten Brinke, “Optimizing omalizumab
dosing in severe asthma-the exploration of therapeutic drug
monitoring,” The Journal of Allergy and Clinical Immunology:
In Practice, vol. 9, no. 3, pp. 1408-1410, 2021.



14

[40] 1. Agache, C. A. Akdis, M. Akdis et al., “EAACI Biologicals
Guidelines-Recommendations for severe asthma,” Allergy,
vol. 76, no. 1, pp. 14-44, 2021.

[41] G. Nichols-English and S. Poirier, “Optimizing adherence to
pharmaceutical care plans,” Journal of the American Phar-
maceutical Association, vol. 40, no. 4, pp. 475-485, 2000.

[42] A. Bush, “Preventing asthma deaths: above all, do no harm,”
The Lancet Respiratory Medicine, vol. 7, no. 9, pp. 732-733,
2019.

[43] E. T. G. Kersten, G. H. Koppelman, and B. J. Thio, “Concerns
with beta2-agonists in pediatric asthma - a clinical perspec-
tive,” Paediatric Respiratory Reviews, vol. 21, pp. 80-85, 2017.

[44] M. Mukherjee and P. Nair, “Autoimmune responses in severe
asthma,” Allergy, Asthma & Immunology Research, vol. 10,
no. 5, pp. 428-447, 2018.

[45] H. G. Ortega, M. C. Liu, L. D. Pavord et al., “Mepolizumab
treatment in patients with severe eosinophilic asthma,” New
England Journal of Medicine, vol. 371, no. 13, pp. 1198-1207,
2014.

[46] J. A. DiNardo and V. G. Nasr, “Milrinone administration and
pediatric cardiac surgery: beloved but sadly misunderstood,”
Journal of Cardiothoracic and Vascular Anesthesia, vol. 35,
2021.

[47] A.K.Furck, S. Bentley, M. Bartsota, M. L. Rigby, and Z. Slavik,
“Oral enoximone as an alternative to protracted intravenous
medication in severe pediatric myocardial failure,” Pediatric
Cardiology, vol. 37, no. 7, pp. 1297-1301, 2016.

[48] T. Kanazawa, K. Shimizu, T. Iwasaki, K. Baba, S. Otsuki, and

Y. Kotani, “Perioperative milrinone infusion improves one-

year survival after the norwood-sano procedure,” Journal of

Cardiothoracic and Vascular Anesthesia, vol. 35, 2021.

]. Beute, P. Boermans, B. Benraad, J. Telman, Z. Diamant, and

A. KleinJan, “PDE3-inhibitor enoximone prevented me-

chanical ventilation in patients with SARS-CoV-2 pneumo-

nia,” Experimental Lung Research, vol. 47, no. 3, pp. 149-160,

2021.

[49

Canadian Respiratory Journal



