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pul nonary surfactant in conbination with a steroid for reducing the
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col l apsing at the end of expiration. The |lung surfactant conplex is
conposed primarily of lipid and contains m nor anmounts of various proteins.
An absence of RHLHNICAEVEIELI this conplex results in malfunction of the
l ungs. This syndrone is called Respiratory D stress Syndronme (RDS) and it
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the replacenent therapy w th exogenous pul nonary surfactant preparations
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i nstance, nodified natural surfactants used in the clinical practice are
por act ant inatémbdeatiareavith ansteoeidi fer redusingibe gollmonageroxidative Aaepagss of
Curosurf(r), beractant (Surfacten(r) or Sur vant%{‘r),) .bovact ant

( Al vedt acar(d Jhe rislotof dewel opingrmronchopnimonanyydysasia in preterm infants.

BACKGROUND OF THE INVENTION

The human lung is composed of a large number of small air sacs, called
alveoli, in which gases are exchanged between the blood and the air spaces of
the lungs. In healthy individuals, this exchange is mediated by the presence of

10 a protein-containing surfactant complex that prevents the lungs from
collapsing at the end of expiration.

The lung surfactant complex is composed primarily of lipid and
contains minor amounts of various proteins. An absence of adequate levels of
this complex results in malfunction of the lungs. This syndrome is called

15 Respiratory Distress Syndrome (RDS) and it commonly affects preterm
infants.

The mainstay of the treatment of RDS is the replacement therapy with
exogenous pulmonary surfactant preparations extracted from animal lungs,
known as modified natural surfactants. For instance, modified natural

20 surfactants used in the clinical practice are poractant alfa derived from porcine
lung, and sold under the trademark of Curosurf®, beractant (Surfacten® or
Survanta®) bovactant (Alveofact®), both derived from bovine lung, and
calfactant derived form calf lung (Infasurt® ).

Exogenous pulmonary surfactants are currently administered by

25 endotracheal instillation as suspension in a saline aqueous solution to
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cal factant derived formcalf lung (Infasurf(r)) . Exogenous pul nonary
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I ncreased postnatal survival, children that survive RDS have a high risk of
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i n ternms Ol _ ore_s'ees the adm ni stration of the medi canent
inf 14" ali qUOLge S&E %f %lelvgﬂﬁ}ing%lgﬁ in infants affected by RDS can be reduced

by administering a corticosteroid within a few weeks postnatally. However,
the effectiveness of postnatal corticosteroid administration is offset by
possible adverse systemic effects, e.g., hypertension, hyperglycemia,
gastrointestinal complications, and neurodevelopmental disability.

15 As an alternative to systemic administration, delivery of corticosteroid
by inhalation or intracheal instillation has been proposed.

For example, Yeh et al (Pediatrics 2008, 121(5), e1310-e1318)
proposed the intratracheal instillation of budesonide using the surfactant
Survanta® as a carrier.

20 However, as reportéd in US 2007/0225233, the relevant delivery
procedure suffers from some drawbacks in terms of compliance as it foresees
the administration of the medicament in four aliquots, each aliquot being
administered in different and rather complicated positions of the infant.

In view of the above considerations, there is still a need to develop a

25 more compliant medicament able of effectively reducing the markers of
pulmonary inflammation and oxidative stress, and hence the risk of BPD in
infants suffering from RDS.

In particular, since mechanical ventilation is an invasive procedure
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10  comprised between 100 and 200 mg/kg in combination with beclometasone
dipropionate at a dose equal to or higher than 0.4 mg/kg in the manufacture of
a medicament for the prevention of bronchopulmonary dysplasia (BPD).
Preferably, said use lowers the markers of pulmonary oxidative stress.
Preferably, beclometasone dipropionate is used at a dose of 0.8 mg/kg.
15 The invention also relates to a combination of:
- poractant alfa at a dose comprised between 100 and 200 mg/kg, and
- beclometasone dipropionate at a dose equal to or higher than
0.4 mg/kg, preferably of 0.8 mg/kg, for simultaneous, sequential or
separate administration for the prevention of bronchopulmonary
20 dysplasia (BPD), preferably for simultaneous administration.

The invention also relates to a medicament comprising a fixed
combination of poractant alfa at a dose comprised between 100 and 200 mg/kg
with beclometasone dipropionate at a dose equal to or higher than 0.4 mg/kg,
preferably of 0.8 mg/kg.

25 In a particular embodiment, said medicament is in form of
pharmaceutical composition for inhalation or intratracheal administration
comprising said fixed combination.

In another embodiment, the invention concerns a kit comprising:
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10 100 and 200 mg/kg in combination with beclometasone dipropionate at a dose
equal to or higher than 0.4 mg/kg, preferably of 0.8 mg/kg.
DEFINITIONS
As used herein the term “bronchopulmonary dysplasia (BPD)” refers to
a chronic pulmonary disorder, also known as chronic lung disease (CLD),
15 which is the consequence of unresolved or abnormally repaired lung damage.
BPD typically occurs in very low birth weight (VLBW) infants who
sustain lung damage as a result of oxygen toxicity and barotrauma from
mechanical ventilation early in life.
As used herein the term “modified natural surfactant” refers to a lipid
20 extract of minced mammalian lung. Due to the lipid extraction process used in
the manufacture process, the hydrophilic proteins SP-A and SP-D are lost.
These preparations have variable amounts of two hydrophobic,
surfactant-associated proteins SP-B and SP-C and, depending on the method
of extraction, may contain non-surfactant lipids, proteins or other components.
25 As used herein the term “poractant alfa” refers to a modified natural
surfactant extracted from porcine lungs substantially consisting of polar lipids,
mainly phospholipids and the proteins, SP-B and SP-C. Poractant alfa is
available under the trademark CUROSURF®.
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10  suitable apparatus such as Wilhelmy Balance, Pulsating Bubble Surfactometer,
Captive Bubble Surfactometer and Capillary Surfactometer.

The in vivo efficacy of exogenous surfactant preparations is tested by
measuring lung mechanics in pre-term animal models according to methods
known to the skilled person in the art.

15 As used herein, the term “severe RDS” indicates a form of infant
respiratory distress syndrome inversely related to the gestational age and/or
birthweight which can be diagnosed clinically and/or radiographically
according to methods known by the skilled person in the art.

Since it is general knowledge that the effect of acute administration of a

20 corticosteroid on lung mechanics is negligible, in the context of the present
application, the term “synergistic” means that the activity of the surfactant
plus that of beclometasone dipropionate is more than would be expected by
that of the surfactant only on any one of the lung mechanics parameters.

DETAILED DESCRIPTION OF THE INVENTION

25 The present invention 1is baséd in part on the unexpected finding that
beclometasone dipropionate at a dose equal to or higher than 0.4 mg/kg can be
combined with a modified natural surfactant such as poractant alfa to

effectively reducing the risk of bronchopulmonary dysplasia (BPD) without
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10 The preferred dose of beclometasone dipropionate is 0.8 mg/kg
(800 pg/kg).

Preferably, the dose of poractant alfa is of 200 mg/kg.

The combination of poractant alfa and beclometasone dipropionate at
the claimed doses may be administered sequentially separately or together.

15 Advantageously, when the two active substances are administered together,
they are administered as a fixed combination.

Therefore, the present invention also concerns a medicament
comprising the two active substances at the claimed doses as a fixed
combination. The medicament may be in form of pharmaceutical composition.

20 Said formulations may be administered in the form of a solution,
dispersion, suspension or dry powder. Preferably, said compositions comprise
the claimed combination suspended in a suitable physiologically tolerable
solvent.

More preferably, the formulation comprises an aqueous solution,

25 preferably sterile, which may also comprise pH buffering agents and other
pharmaceutically acceptable excipients such as polysorbate 20, polysorbate
80 or sorbitan monolaurate as wetting agents and sodium chloride as

isotonicity agent.
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according to known methods, e.g. by endotracheal instillation, by spray
10 administration, or nebulisation by jet ultrasonic, or mesh-vibrating nebulisers
commonly available on the market.

When the formulation is administered by endotracheal instillation,
depending on the severity of the respiratory distress syndrome, different
methods can be appropriate. For example the claimed formulation may be

15 administered by endotracheal instillation to pre-term infants kept under
continuous or intermittent positive pressure ventilation.

Alternatively, the formulation may be administered by the use of a thin
catheter placed in the trachea and the patient respiration supported through
specially designed nasal devices such as masks, prongs or tubes according to

20 methodology known as nasal Continuous Positive Airway Pressure (nCPAP),
according to the procedure described in. WO 2008/148469.

The latter approach would be only possible with an exogenous
surfactant such as poractant alfa having a low viscosity, as a high viscosity
would make the passage of the surfactant through the thin catheter more

25  difficult.

The volume of the aqueous solution in which the two combined active

substances are suspended will depend on the desired concentration.

Advantageously, the volume of the formulation should be not more than
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10 2.5 ml, the final concentrations would be 40 mg/ml and 0.32 mg/ml,
respectively. |

In other embodiments, when poractant alfa and beclometasone
dipropionate are administered separately, the individual active substances can
be formulated separately. In this case, the two individual active substances do

15 not unconditionally have to be taken at the same time.

In the case of such a separate administration, the formulation of the two
individual active substances can be packed at the same time in a suitable
container mean. Such separate packaging of the components in a suitable
container mean is also described as a kit.

20 Therefore, this invention is also directed to a kit, comprising: a) an
amount of poractant alfa comprised between 100 and 200 mg and a
pharmaceutically acceptable carrier or diluent in a first unit dosage form; b) an
amount of beclometasone dipropionate equal to or higher than 0.4 mg and a
pharmaceutically acceptable carrier or diluent in a second unit dosage form;

25 and c) container means for containing said first and second dosage forms.

Preferably, the first unit dosage form is a single-use vial filled with
2.5 ml of a sterile formulation of 80 mg/ml poractant alfa suspended in a

buffered physiological saline (0.9% w/v sodium chloride) aqueous solution,
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Fitl el% w (tigveaolr)ﬂme%ft ot bronchopulmonary dysplasia in pre-term infants affected by a
severe form of respiratory distress syndrome (RDS).

However, it might be used for the prophylaxis and/or treatment of other
diseases related to the lack or dysfunction of the endogenous surfactant such
as respiratory distress syndrome in adults (ARDS), acute lung injury (ALI),

15 and meconium aspiration syndrome (MAS).

The advantages of combining poractant alfa with a dose of
beclometasone dipropionate higher than that currently applied in therapeutic
practice will be apparent from the following findings.

It has indeed been found, in a randomized study in preterm lambs with

20 RDS, that poractant alfa in combination with a dose of beclometasone
dipfopionate higher than 0.4 mg/kg acts in an additive way on some lung
tissue oxidative stress markers and in a synergistic way on a lung mechanics
parameter.

The study was carried out by intratracheal administration of poractant

25 alfa plus beclometasone dipropionate at different doses in comparison to the
sole surfactant.

Lung tissue oxidation was studied by measuring total hydroperoxides

(TH), advanced oxidation protein products (AOPP), and non protein bound iron



sterile formulation of 0.8 ng/m m croni sed becl onet asone di propi onate
suspended in an aqueous sol ution conprising polysorbate (Tween) 20,
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suitable to Br event, delay, alleviate, arrest or inhibit devel opnment of

br onchopu(INBBA) in byerpitsl aspirrtefsempey., THheag dawierdnitba gspuphdrgaggdmifion i s
suitable to prevent devel opnent of bronchopul nonary dysplasia in pre-term
i nfants asyrfectant pjus 498ver S00opglks afeberlpamasasongi dinrepionaip dhapeln HI) .
However, it m ght be used for the prophylaxis_ and/or treatnent of other

di seases $wifagtant geoumewhilekAGIPRIpeas hewvenan dhe igreupriaediedowaths sunfactanht
such as respiratory distress syndrome in adults (ARDS), acute lung_injury
(ALI), anplusedhingrikeofi heslomataspnardipeoninnsaie thareim e athigearonpse SR hi ng
poractant alfa with a dose of_ becl onmetasone di praopi onate higher than that
currert | ywapsimdar imatlgspape Jeirg spEmlianceWw sy cyauagdaasewellf rom t he
following findings. It has indeed been found, in a random zed study_in
preterm | anbs SWEactans, treafmeniowas ighovegd Byi a sustainedumproyement othe of
becl onet asone di propignate higher than 0.4 ng/kg acts in an additive way on
some | ungtiflpk¥oluragi(daf) ¢dstiFway reskstance éﬁa“’i)nwgl@yr@r §¥BEGE Wsoﬁo%ly

| ung nmechani cs paranmeter. The gud was carrj.ed out by intratracheal

adm ni st r ait¢ied BY 56 RESSEAEE a‘?ffs eplaaetysensy Pé%ﬁ@aﬁﬁ%p‘?‘éﬁﬂ Gﬁatﬁé hest

different doses in conparison to the .. . . .
dose. However,rrspurprlsmgly, the addition of beclometasone dipropionate at a

10 dose of 800 pg/kg resulted in a synergistic decrease of the mean airway
pressure (MAP) needed to obtain the same value of TV. On the contrary, in
the group treated with surfactant plus beclometasone dipropionate at a dose of
400 mg/kg, the effect on MAP was statistically not different from that of the
group treated with the surfactant only.

15 This means that softer mechanical ventilation could be applied to the
patients receiving the combination of the invention with lesser risk of
barotraumas.

Therefore, in view of the aforementioned findings, i.e. a reduction of
the oxidative lung stress and a synergistic improvement of one of the lung

20 mechanics parameters, the present invention provides a combination
particularly efficacious for the prevention of bronchopulmonary dysplasia,

Furthermore, since beclometasone dipropionate is a highly lipophilic
corticosteroid, this might favour its mucosal absorption and uptake across
phospholipid cell membranes with a negligible systemic absorption, making

25 the combination safe for therapeutic use in infants.

The following examples illustrate the invention in greater detail.
EXAMPLES
EXAMPLE 1 - IN VITRO EVALUATION OF THE SURFACE



sol e surfactant. Lung tissue oxidation was studi ed by neasuring total

hydr oper oxi des (TH), advanced oxi dation protein products (AOPP), and non
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's a lrbi gh}')lYOS'pih%?ﬁ)%é,i and the other from a vial of poractant alfa (1.5 ml, 80 mg/ml)
mixed with a vial of beclometasone dipropionate (2 ml, 0.8 mg) and diluted
with saline to the same concentration (1 mg/ml phospholipids). A 0.5 ml
sample of both solutions is then assessed in the Capillary Surfactometer.
The principle of the capillary surfactometer is to simulate terminal
15 human airways. The sample is introduced into the narrow section of a glass
capillary, where the inner diameter is 0.25 mm, similar to that of a terminal
human airway. At one end the capillary is connected to a bellows and a
pressure transducer. When the bellows is slowly compressed, pressure is
raised and recorded. The increasing pressure causes the sample to be extruded
20 from the narrow section of the capillary. As air gets through, pressure is
abruptly lowered. If the sample contains well functioning pulmonary
surfactant the sample liquid will not return to the narrow section. The steady
airflow obtained by the continuous compression of the bellows will meet no
resistance and the pressure recorded will be zero. If on the other hand the
25 sample does not contain a well functioning pulmonary surfactant, the sample
liquid will return repeatedly.
The behaviour of poractant alfa plus beclometasone dipropionate turns

out to be statistically indistinguishable from that of poractant alfa alone,



corticosteroid, this mght favour its nucosal absorption and uptake across
phospholipid cell nenbranes with a negligible system c absorption, making
the conbiwarbwvlsebe for therapeutic use in infants. TheCfFIEPIZijomglkxanpl es
illustrate the invention in greater detahl. EXAVMPLES EXAMPLE 1 - IN VITRO
EVALUATI ON OF THE SURFACEACTIVITY OF P CTANT ALFA I N THE PRESENCE OF
BECLOVETASONE DI PROPI ONATE BY CAPI LLARY SURFACTOMETER The surface activity
of poract andicatihg thiat hédomretasomee diffiropeenasaeatasadedasprdgssonat effezt the 0.8
nmg) is evaluated in conparison to poractant alfa alone by a capillary
sur f act omstueface agtiwntyi @f the surfadtabt.e from Cal mia Medical, Inc., USA Two

sanpl es are prepared: one froma vial of poractant alfa (1. /n1)
by diluting wi EXAMPLE t20- AN 3ANOK WAWAT@MOFnPMBN%T

the other froma vial of poractant alfa](g . m xed V\ntha
vial of becl onﬂ@MB&N&Eler[lT&MiEC(IZ)M TO&SQNE P MAWE h saline
to the sanme concentration ( 1 hosphol ipids). A 0.5 nm sanple of both

solutidns is tMA"ﬁEBdsﬁeSANDME ODSry Surfactoneter. The principle of
the capillary surfactometer is to sinulate term nal human airways. The
sanpl e is introtuvedsiandlrsteunentatiogecti on of a glass capillary, where
the inner dianmeter is 0.25 mm simlar to that of a term nal human airwa
At one end the Adhpininaaly are cledvsceddby CCasasepnoseetion & pPddduf edays of
transducer. Wien the bellows is slowy conpressed, pressure iS raij sed and
recor ded. geblationel exgsi frpmprMasse €wesublesmy AdSsdays of tgestatientl agel After

exposure of the fetal head and neck, a carotid artery catheter is inserted for
10 continuous blood pressure monitoring and blood sampling; the catheter is
connected to pressure transducers, zero-referenced to mid-chest level.

A venous catheter is inserted in the right internal jugular vein for
continuous infusion of fluids (dextrose 10%, 100 ml/kg/d) and medications
and an endotracheal tube is tied into the trachea. The fetal lung fluid that

15 could be easily aspirated by syringe is recovered, and the lambs are delivered
and weighed (2425+410 grams). A standard limb lead electrocardiogram
(ECG) is used. Rectal temperature is kept within a normal range using electric
warming pads.

Before the first breath the lambs receive randomly 200 mg/kg of

20 poractant alfa (Curosurf®, Chiesi SpA, Parma, Italy), followed by 10 ml air
given into the airways by syringe, or 200 mg/kg of the same surfactant
combined with 400 or 800 pg/kg of beclometasone dipropionate (Clenil A®,
Chiesi SpA, Parma, Italy). Randomization is performed using the closed
envelope methods before the delivery.

25 All animals are ventilated for 6 h with time-cycled and pressure-limited
infant ventilators (Newport Breeze Ventilator, Soma Technology Inc.,
Bloomfield, CT, USA) using similar ventilation strategies. Rate of

60 breaths/min, inspiratory time of 0.5 s, and positive end-expiratory pressure



fromthe narrow section of the capillary. As air gets through, pressure is
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becl onet asone di propionate at said dose does not affect the surface
activity B0t tecaveids prewmethoExenPracton of \pspitgd pYAZENTS efjustebtRACTRNT
ALFA COVBI NED W TH BECLOVETASONE DI PROPI ONATE MATERI ALS. AND METHODS Ani nal s
and | nst r target 2Q00f AQ0-380nee Hee Hel¢xdude thy pessabdidy St changgs in
124+1. 7 days of gestational age from Massa ewes (term 145 days of
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st andar d OFbbat legat evest §gdg}rap5@yla¢ﬁ ventilatory Status changed ‘as indicated by

10 changes in chest movement and tidal volumes.
During the whole experiment the plasma expander polygeline
(Emagel®, Novaselect, Potenza, Italy) and/or dopamine, 10-20 pg/kg/min are
administered as needed to maintain a mean SAP above 30 mmHg. Metabolic
acidosis (pH < 7.25 and BE < 8 mmol/L) is corrected with sodium bicarbonate
15 or THAM infusion (in case of hypercapnia: PaCO, > 45 mmHg). The pH, pO,,
and pCO, of each animal are recorded at least as soon as possible after
delivery, and after 1 (T;), 2 (T,), 4 (T4), and 6 (Ts) hours from surfactant
administration.
Lung mechanics monitoring. Mean airway pressure (MAP), dynamic
20 lung compliance (Cdyn), exhaled tidal volume (TV), and expiratory resistance
(Raw) are measured with a neonatal respiratory monitor (Florian Neonatal
Respiration Monitor™, Acutronic, Hirzel, Switzerland) and their values at
baseline, Ty, T, T4, and T¢ are recorded.
Lung oxidative stress assays. Bronchial aspirate samples from animals
25 in each groups were obtained with the following technique: 1 ml/kg sterile
0.9% saline was instilled using a 10 ml syringe through a 8F gauge feeding
catheter that was placed in the endotracheal tube so that the tip extends 2 cm

beyond the distal end of the tube. The saline was instilled and immediately



(ECG is used. Rectal tenperature is kept within a normal range using
electric warm ng pads. Before the first breath the |anbs receive randomy
200 ng/ kgvoRopasesBant al fa (Curosurf(r), Chiesi SpA, PRCREP2010AD3A)2
followed by 10 m air given into the ai [pays by syringe, or 200 ng/ kg of
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di propionate (Cenil A(r), Chiesi SpA Parma, Italy). Random zation is
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setting affect the results of the study, persons responsible for ventil ator
adj ust memdmanistratione aftes exposure af thntfetalsheptheand aBloda)gds(TpH? Gl base
excess (BE) are analyzed by a bl ood gas, electrolyte, and netabolite system
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10  non-protein bound iron (NPBI) were measured. TH production was measured
with a d-ROMs Kit (Diacron srl, Italy) by using a spectrophotometric
procedure.

The results are expressed in conventional units (Carr units: the value of
1 Carr unit is equal to a concentration of 0.08 mg/dl of hydrogen peroxide).

15 AOPP is measured by the method reported by Witko-Sarsat et al. (Kidney Int.
1996, 49(5):1304-13), using spectrophotometry on a microplate reader. The
AOPP concentration is expressed as pmol/l chloramine-T equivalents. NPBI
levels are determined by HPLC using the method described by Kime et al.
(Clin Sci(Lond) 1996, 91(5):633-8), partially modified. The results are

20  expressed in nmol/ml.

Tissue removal and pathologic examination. At the end of the
experiment, the animals were killed with an overdose of pentobarbital. Thorax
was carefully opened to check for signs of pneumothorax and to harvest
tissue. The trachea and lungs were removed and put in a buffered 10%

25 formalin bath. Two random pulmonary specimens were obtained from the
upper and the lower lobes of both lungs. Routine techniques were used to
prepare the tissues for paraffin.embedding. Five-micrometer thick sections

were stained with hematoxylin-eosin and two pathologists performed the



acidosis (pH < 7.25 and BE < 8 mol /L) is corrected with sodi um bi carbonate
or THAMinfusion (in case of hypercapnia: PaCO2 > 45 mmHg). The pH, pQ2,
and pCO2 wb 2esxi3eEai nal are recorded at | east as soon agcpEpseibloesiatt er
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0.9% saline was instilled using a 10 nl syringe through a 8F gauge feeding
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cm beyond the distal end of the tube. The saline was instilled and
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10 severe >4, is achieved by adding the scores up.

Statistical analysis. Time-dependent changes were analyzed with a one-
way analysis of variance for repeated measures. Time-course evolution between
the different groups was compared using a two-way analysis of variance for
repeated measures and one grouping factor (i.e., “time” and “treatment”). Intra

15 group comparisons in the different groups between different treatment
conditions are tested with paired Student’s f-tests. Results were expressed as
mean =+ standard deviation, and a p value <0.05 was considered significant.

RESULTS

Eighteen animals were randomized to receive 200 mg/kg of natural

20 surfactant (n=6), 200 mg/kg of surfactant plus 400 pg/kg of beclometasone
dipropionate (n=6), and 200 mg/kg of surfactant plus 800 pg/kg of
beclometasone dipropionate (n=6).

Gas Exchange. Table 1 reports changes of pH and blood gas analysis in
the study groups. In all groups a significant increase of pH at Ty, T,, T4, and

25 Tg in comparison with baseline values is observed; pCO, does not vary in the
surfactant group, while decreases significantly in the surfactant plus
beclometasone dipropionate groups at Ty, T, T4, and T¢; pO; is similar in the

groups at each time; BE exhibits a trend toward a reduction in every group,



with a d-ROVs Kit (D acron srl, Italy) by using a spectrophotonetric
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Each l%at ht?lleOggigr%%lp ft?ggt%he \\’I\\/I?t?l surfactant plus 800 pg/kg of beclometasone
dipropionate than in the other groups; the AOPP increases at T; and then
dropped at T,, T4, and T in all the groups, but at T¢ its value is lower in the
group treated with surfactant plus 800 pg/kg of beclometasone dipropionate
than in the other groups. NPBI is found in all groups and its concentration
15 does not change and does not vary between the groups.

Macro-microscopic features. On gross examination, the lungs of
animals treated with surfactant plus 800 pg/kg of beclometasone dipropionate
exhibit a trend toward a better aeration than the other groups. On microscopic
examination, distal airways appear more collapsed in the surfactant group than

20  in the surfactant plus 400 or 800 pg/kg of beclometasone dipropionate groups.
Moreover, areas of atelectasis, some alveoli containing macrophages, and
some interlobular septa leakages are observed. The overall pulmonary damage
score is lower in the surfactant plus 400 pg/kg of beclometasone dipropionate
group (1.8i0.7) and in the surfactant plus 800 pg/kg of beclometasone

25 dipropionate group (1.8i0.3) than in the surfactant group (2.4+0.6), but the
difference is not statistically significant.

DISCUSSION

The results demonstrate that the treatment with poractant alfa combined



eval uated as 1 when present and 0 when absent. A score of pul nonary damage,
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than 10 TH represents a measure of overall oxidative stress, given that it is the
intermediate oxidative products of lipids, peptides, and amino acids, while
simultaneous determination of AOPP provides information regarding another
aspect of protein involvement in free radical reactions, namely oxidized
proteins that have lost their oxidant properties.

15 Differently, the concentration of NPBI does not vary in study groups..
However, as previously reported, the NPBI values can be unrelated to
concentration changes of other markers of oxidative stress likely because they
are formed also from other sources.

Moreover, as far as lung compliance is concerned, it has been observed

20  that surfactant treatment is followed by a sustained improvement of TV and
Raw, while Cdyn is unchanged. However, surprisingly, beclometasone
dipropionate at a dose of 800 pg/kg synergistically lowers the mean airway
pressure (MAP) needed to obtain the same value of TV in comparison to the
group treated with surfactant plus beclometasone dipropionate at a dose of

25 400 mg/kg and surfactant alone.

Therefore, the effect of intratracheal beclometasone dipropionate at a

dose of 800 pg/kg is not limited to a decrease of lung oxidative stress but is

also consistent with an improvement of the lung mechanics, and hence the



in other groups; TV and Raw decrease from baseline in all the groups, while
Cdyn does not change. Oxidative stress assays. Table 3 details changes of
TH, ACPP,weandioNBeIs3 TH is lower at T6 in the group treaP€l/Brae/08imt act ant
plus 400 ng/ kg of becl onetasone di propippate than in the surfactant group,
and at T4 and T6 in the group treated wth surfactant plus 800 ng/ kg of
becl onet asone di propionate_than in the other groups; the AOPP increases at
T1 and t h&sPHREYIngt1on0f aoimalsy 16 in all the groups, but at T6 its
value is lower_in the group.treated with suyfactant plus 800.ny/ of

becl onet asone H &%B?IB%HF e"lg’cthaﬂt et findinghehisiplogical” kpgm! %t“g‘guﬁg)‘?'% Al |
groups and its concentrgtion does no hange and does not.vary between the
gr oups. l\ﬁéﬁ?é-tﬁ’l’“@r s?:dﬁaEthl%‘ét &QYP%}QT(Q%ISSE-‘D&( AMREE Bh the F%r\{)luﬁﬁg‘\é\%b‘i‘%
animals treated w th surfactant plus 800,ng/ kg of becl onetasone

di pr opi onkeCe &hiwifectant p@mgqggﬁ}edasao%@{fgpp $ion than the other

. Onm [ ' ' di st al ,ai. | J d i
Tho. oo fact ant LPUL- (ARG ThbiQe €4 AT U0 BisRoer B0 nFRp ot
becl t di [ t . M , f t asi
alveol | ot ENTE 00 el BerionsTe s BB TIe JBR I EndReT

b d. Th | | I d [ int fact ant
bl us. 400 PPRPUbREREPEREFEoHasaF bAgorek e gPiD) (teald’ SPnd i n the
surfactant plus 800 ng/ kg of becl onetasone di propi onate group (1.8+0.3)
than in the surfactant group (2.4+0.6), but the difference is not

statistica[lTy significant.sklaSchiSEEGhcthher BEswon (lesmfastaintat BDH statugt |he
treat ment pwH:h poractant |al 5a conbi nedwi t h é)gecl onet asone7 l%i E){ﬂorpi onatle is
- . + i . 3 Lt + .
effective |n d@??eé%?sl ng th%ﬂ-i%@% DX datﬁf\? 016 oot
T2 7.23+0.21 7.32+0.17 7.36+0.05
Ta 7.23+0.18 7.32+0.08 7.36+0.08
Ts 7.18+0.17 7.36+0.08 7.37+0.10°
pCO3:
Baseline 86+25 109+12** 93+20**
T 62+26 49+28 47+16
T, 70+40 46+18 43+14
T, 63+29 50+13 42+7
Te 64+38 47+17 38+7
pO; ‘
Baseline 96+113 71454 106+133
T 150+158 164+84 147+110
T2 160+165 155+114 100+134
T, 147+132 131493 151+138
Te 134+177 95+100 123+146
BE :
Baseline -11.746.7% -5.5+6.6 -6.6+5.6
T, -6.1+6.6 -6.8+-6.0 -1.3+2.1
T, -4.1+4.4 -0.32+5.1 -1.14£2.9
Ta -3.920.7 -1.6£1.9% 21135
Te -5.3+4.7 -2.141.9 3.4+4.8

*p=0.009 vs. 2h; p=0.004 vs. 4h. p=0.008 vs. 6h™p<0.0001 vs. 1,2,4,6 h. p=b.001 vs. 1h, p<0.0001vs.
2,4 h. °p=0.049 vs. Surfactant; “p=0.018 vs 4h ; ** 0.019 vs. Surfactant ;

he)
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stress in pretermlanbs with respiratory failure. In fact, it has been
observed that the intra-tracheal instillation of surfactant plus 800 ng/kg
of becl oreDaswBeBpr opi onate is foll owed by | ower | evelPSTiER200003112 al
aspirate sanples of TH at T4 and T6, angy ACPP at T6 conpared to the other
groups; the intra-tracheal instillation of surfactant plus 400 ng/ kg of
becl onet asone di propignate is followed by the decrease of TH at TG conpared
to the surfactEﬂB Bo@ﬁla%ﬁl%f mﬁén|%§W?YIPJF$%HedM§&)r)f§tﬁ g ﬁfll?fﬁ@nh(é% no
effect on the concentration of oxidative stress rkers. 43@5 ts are
rel evant WeddgteamrHambysy deeated 31t asiffactant.ovuF rarﬁxm&%. ng Bi ven

that it |sthe|nter i at e. oxi datjv roduct s _of tide
am no aci keclometasong; n&ptraam%e déB&IRY, nri ohirfgct N@P B%Sovggﬁ n‘é‘%j i on
regar di nglP anot her as ct of pr Oéﬁl n..i nvol ve@ in free radical reacti ons,
namel y oxP&fi th%ﬁ%‘@ 1psopioRate, B PR MeamEi $Dgxi dant properti es.

Differently, the concentration of NPBlI does not vary in study groups..
However, as previously reported, the NPBI val ues can be unrelated to

Concent r at f n hhangnc nf nf har r !/e‘r c Cf nxi dat .1 \La ef LeSS 1 !/gl A hecause
they are fo Mﬁ" at-so—from 'Ig’lrr'ea'ﬁt—a2 2 r 32!00 urffactgrt-*l unugoo’
conpliance |s cgageﬁ,gened it 1bas1 pe¢n obsamgedgthat surfact@r’gtntgreat ment i's
fol | owed by| a sastai ned ifpriegen®eny of TWesand? Raw, Wwhile CIMm Bs unchanged.
However, sufpri §‘t ngly, be¢l deEtb&ome di priéftbhate af
synergistichlly Fowers t he 1%i { vay pr’g ﬁﬁe ( VA

T, '. + gl
SarTe Val Ue ( Jl ‘JU"P“' : SUII U G g Ile gr GUP LY | eaL eu ‘
becl onet asope diggidpp onat ¢ afg.q pdogse of 4pﬂ.ﬂﬁg/ kg and surfam@nt al one.

T 11.3+4.2 11.8+42 11.5+3.2

T2 104+3.0 1 1,?:4.4 1 1.211 3

T4 104+3.1 122483 11.6+1

Te 11.3+45 11.9+2.2 11.4+2.1

Cdyn {/kg)

Baseline 04+0.1 04+05 05+08

T 0.4+0.1 0.4:0.1 04+0.1

Tz 04%0.1 04+0.1 05%0.3

Ta 0.5+0.1 0.5+0.2 0.6+0.2

T 06+0.3 0.5+0.1 0.5+0.1

Rawy:

Baseline 283+73* 295+13™ 308+13mMa

Ts 235+25 219+41 248+47

Ty 214+24 225+20 237+43

T 185371 225%11 20813

Te 185+43 208+44 231+41

*p<0.0001 vs. baseline; p=0.003 vs. Ty, p=0.022 vs. Ty, p=0.002 vs. surfactant, p=0.026 vs. surfactant; +
BDP 400. ** p=0.003 vs. baseline; p=0.005 vs. Ty, p=0.022 vs. Ty; p=U.UZ4 vs. surfactant , p=0.043 vs.
surfactant + BDP 400
*p<0.0001 vs. Ty, T2, Ta, Ts

*p=0.018 vs Tg. ~*p=0.001vs 1h, <0.0001 vs. Ty, To,Ta, Te. *4p=0.013 vs. Ty; p=0.003 vs. T; p<0.0001
vs. T4:p=0.003 vs. Tp.



Therefore, the effect of intratracheal becl onetasone dipropionate at a dose
of 800 ng/kg is not limted to a decrease of |lung oxidative stress but is
al so consweteny13eissh an i nprovenent of the |ung nechani esT/EReaolesice
therespiratory function of animals. In agreenent w th other findings,
hi st ol ogi cal exam nation shows a trend toward a reduction of norphol ogic
| ung damage in_the groups which receiv surf t. pl us becl onet asone
di propi onate. Tahle 1. &BS%SJ}OTHBI @d%aéngérﬁ%&l 0 Pretergy L?rrHSF iﬁ‘ff’ged
treated with surfactant plus 400 ng/ kg _of bhecl omet asone, di propi onate (.BDP),
or surfactuth piriactant seviretast e 6ﬁ9t &ggfﬁ i PYC6 IgE’B 1op €
SDs. *p=0 009 vs 2h, p=0 004 vs_4h p=P 008 .vs 6lf p< 0 Q001 vs 1, , 6
h p=0 001(BPlﬁ)h,0rp&@rf89@2td§u§ 800 Hg/g&oo hgclameiasene ¢ HFOI?IOElﬁgf‘o (é&PAX/s 4h
, LL 0 0 19 vs Surfactant , Table 2. Changes of nean airway pressure (MAP)
and | ung AMedmii 2Rsi n pretermlanbs treated wth surfactant, surfactant
pl us 400 ng/ kg of becl onet asone di propionate (BDP), or surfactant plus 800
ng/ kg 2f becl onet asone di pr opi onate (BDP) Mean SDs  *p<0 0001 vs,
basel i ne; p=0TREIMIt) T1,| @022 vs. TT ; p=0 002 vyg. sulfactjant” Tp=0, Q2b
vs. surfaf§antaeet BDP 400 73441830 Ofbx81 haselisee, |p30.20485 Vis. o3ld+20.5
= 5 : = | f = 1 g9~ f
P26 con ety 4o (e SRR foH e VB PRAT] ea Sl A Ml 1
TJ . T.[¥yiEpae PPPPE0s ﬂgi%ﬁ: 0561 e XARVE ?g?i%-&o 0808*3¢" 1 38329 B0q vs.
Tj . Tabl e 3. Charrygsolrj TH, Ba&MRe pnd WPBI |n prieterm | anfds trieat eds wi t I
sur fact anfg, fEGR@ct ant prus, 49ge gg/ !ég'ggz b(3C|1@'Ig?é_§.SC.I']Q&@}_ﬂI_’60p|I onay e £ BOP) ,
ClL U

or surfactans plus 800 nyft £t I e "
2> Lpot| Sisletu vl pn OO P PO LT 7oV T LR o O (s

SIr ac
Ot T a&T

[N T2
sur f act an Surfactant + BDP 800 | 1.9+0.6 16.3+9.7 | 12.2+11.6 8.2k5.7 |  7.2%2.8°
NPBI Baseline Ty T2 Ta Ts
Surfactant 0.9+2.0 1.6+1.6 0.4£0.7 1.4+1.1 0.3+0.6
Surfactant + BDP 400 0.3+0.4 2.742.3 1.242.3 0.8+0.8 0.5+0.8
Surfactant + BDP 800 0.3+0.1 0.3%0.6 0.6+1.0 0.7+15 0.0+0.0

Ap=0.008 vs. surfactant; *p=0.060 vs. surfactant **; p=0.026 vs. surfactant.
#1<0.0001 vs. Ty, T4, Te; p=0.008 vs. To; *¥ p=0.010 vs. Ty ; p=0.002 vs. T, ; p= 0.011 vs. Ty;

mp=0.005 vs. Ty; p=0.023 vs.T,; p=0.001 vs. Te. °p=0.019 vs. surfactant.



p<0.0001 vs. T1, T4, T6 ; p=0.008 vs. T2; * p-= 0.01 O vs. T1 ; p 0.002 vs.
T2 ; p=0.01 1 vs. T4; fIffflp=0.005 vs. T1; p=0.023 vs.T4; p=0.001 vs. T6.
p=0. 019 WO 28WIBaBant . CLAIMS 1. Poractant alfa at a do®ETHERaPOI8HA2 bet ween
100 and 200 ng/ kg in conbination w th begl ometasone di propi onate at a dose
hi gher than 0.4 ng/ kg for use for the prevention of bronchopul nonary
dysplasia (BPD). 2. Use of poractant alfa at a dose conprised between 100
and 200 nﬁi&@Lﬁ@§conbination wi t h becl omet asone di propi onate at a dose
equal to or higher than 0.4 ng/kg in the manufacture of a nedi canent for
the prevention of bronchopul nonary dysplasia (BPD). 3 . The use according

to claim1 or whereby said use | owers . the markers u ar i dative
stress. 4l ThePl%%CtaBE@ﬁﬁﬁ 4 @di%ﬁ?y comprazed: bsivwgen ]c(g(g anmrﬁ ﬁ‘fgelﬂose
of poractant alfa is 20 / 5. The use accordin one of cl |ms 1
to 4, mhelcémblﬂﬁtéoﬂd?%’éhq%e”go@e%ﬁ’klﬁ lBrOIﬂOBBYPo?%%ldiogﬁ&Bgﬁe%g}aé’cpan{ngé Ba at
a dose co ri se? %& en 100 a 200 rrg and . be ge di propi onat e
at a d%se ehlss [enths PIgVEREPTY hngﬁ an?rard%? sequential or
separate uyse f preventi ronchopul. no dys Si a PD

medi canent- co qes?ﬁgor%?%tcg]&%tataq $&tCO Efé%eé{] ES%?S?‘%/%BQ%%‘E%(QBQ %’(%k%nd
200 ng/ kg, and becl.onet asone di i on te at a dose gual to (% 'H %r t han
0.4 ny/ kgl%ézognt?lp;\lganc\g h%qlpgﬁ:ta one 1prop10nate at a dose equal to or highe

than 0.4 mg/kg in the manufacture of a medicament for the prevention of
bronchopulmonary dysplasia (BPD).

10 3. The use according to claim 1 or 2, whereby said use lowers the markers
of pulmonary oxidative stress.
4. The use according to any one of claims 1 to 3, wherein the dose of

poractant alfa is 200 mg/kg.

5. The use according to any one of claims 1 to 4, wherein the dose is
15 0.8 mg/kg.
6. A combination of:

poractant alfa at a dose comprised between 100 and 200 mg/kg, and
beclometasone dipropionate at a dose equal to or higher than 0.4 mg/kg
for simultaneous, sequential or separate use for the prevention of
20  bronchopulmonary dysplasia (BPD).
7. A medicament comprising:
poractant alfa at a dose comprised between 100 and 200 mg/kg, and
beclometasone dipropionate at a dose equal to or higher than 0.4 mg/kg
as a fixed combination.
25 8. The medicament according to claim 7, wherein the dose of poractant
alfa 1s 200 mg/kg.
9. The medicament according to claim 7 or 8, wherein the dose of

beclometasone dipropionate is 0.8 mg/kg.



8. The medi canent according to claim7, wherein the dose of poractant alfa
is 200 ng/kg. 9. The nedi canent according to claim7 or 8, wherein the dose
of becl orEDa8MIB6EB pr opi onate is 0.8 ng/ kg. 10. The nedi eawdEReoiIa®veInzi ng to
any one of clains 7 to 9 in the form of gpharmaceuti cal conposition for

i nhal ation or intratracheal admnistration. 11. The medi cament according to

L DA e L e
Bﬁ;?%ggh l@%?‘?gé‘gg@gm% Qprégﬂgﬁ?l\ggﬁ%g‘%t%gg%%ﬁa ga Sttragkfé‘hge form
ahd a. phal hacediecRPy AR A ATU g oty i PR Ol I RgRES LN (8
dosage | oPHELEFas PRYREIRE 2L SEPaLIg % gvit SR T E T ARl S GetR
Wher oih A8 ﬁ?ﬁ's?ltzoo Pilot o) porsctaet Al ot 0SR EopPafel fheedi 10 and
phy<i ol ﬁrg?bﬁﬂfn‘éél%“ hﬁh'(%gagfmﬁ&‘g%%ﬁqbnﬁé’%%% te?g‘%?ﬁ‘feéﬁéﬂﬁgﬂﬁﬁ ST ho
For mul at | BRSG B RECiray P de G BRRBhEE L 03?““ b dndrotehEpdhiea | n
an aqueous sol uji.on, GorBLl st ng. POl YE9"RaLe: T0REM:cP%: § 1{19}1% % fgelgyrate
unit dosage form; and c) container means for containing said first and second
10  dosage forms.
13.  The kit according to claim 12, wherein the dose of poractant alfa is
200 mg/kg.
14. The kit according to claim 12 or 13, wherein the first unit dosage form
i1s a single-use vial filled with 2.5 ml of a sterile formulation of 80 mg/ml
15 poractant alfa suspended in a buffered physiological saline (0.9% w/v sodium
chloride) aqueous solution, while the second unit dosage form is a single-use
vial filled with 2 ml of a sterile formulation of 0.8 mg/ml micronised

beclometasone dipropionate suspended in an aqueous solution comprising

polysorbate (Tween) 20, sorbitan monolaurate and sodium chloride.



