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The First Synthetic, PeptideContaining Surfactant Approved in
the United States for the Prevention
of Respiratory Distress Syndrome
(RDS) in Premature Infants
By Thomas H. Shaffer, MSE, PhD
Background
The fundamental principles associated with surface tension in the lungs were identified by Kurt
Von Neergaard1 in 1929. After a number of years
and the collective efforts of many investigators,
John Clements advanced the study of surface
tension in the lungs by utilizing more definitive
measures of surface tension and surface area.
Clements2 decided to explore the reason why
premature infants who died of respiratory distress
never had “foam” in lung washings, an observation
reported in previous studies of normal lungs. It
was not until 1959, however, that Avery and Mead3
published that “low surface tension in the lungs
permits stability of the alveoli at end expiration!.in
lung extracts of immature infants dying with hyaline membrane disease, surface tension is higher
than expected. This deficiency of surface active
material may be significant in the pathogenesis of
hyaline membrane disease.”
Subsequent research involved the characterization of the surface lining (surfactant) materials in
the lung in efforts to develop a therapeutic intervention exogenous “surfactant replacement therapy” (SRT) “for infants who were born with surfactant deficiency.” During this new chapter of
exploration, many laboratories studied the impact
of natural surfactants derived from animals. As a
result, the majority of SRTs presently on the market are derived from animal sources, which con-

tain low levels of surfactant protein (SP-B) relative to human surfactant, and the concentration of
this protein can vary between lots of the same
brand. Moreover, animal-derived surfactants contain foreign proteins that are potentially immunogenic. To date, current SRTs are labeled to be
administered intratracheally, requiring mechanical
ventilation. In contrast to animal-derived surfactant development, other investigators explored

“Because synthetic
surfactants offer very
advantageous scientific and
clinical opportunities for
improved neonatal care,
they provide a gateway
for the development of
additional therapeutic
interventions for neonatal
care that have been
unavailable with natural
animal-derived
surfactants....”
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The first synthetic, peptide-containing surfactant approved in the
United States for the prevention of respiratory distress syndrome
(RDS) in premature infants. ~ Shaffer, Thomas H.
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the use of synthetic surfactants in an effort to: control formulation consistency and stability; reduce possible inflammatory responses to animalderived materials in the human lung; and improve production and product availability.
Most notable in the area of synthetic SRT research is the arduous work
of Charles Cochrane4 in collaboration with T. Allen Merritt. They are credited with the invention of synthetic KL4 peptide and the subsequent drug,
“lucinactant”, the novel peptide synthetic surfactant (Figure 1). This formulation consists of phospholipids, a fatty acid, and sinapultide (KL4
peptide), a 21-amino acid peptide that mimics the surface tensionlowering activity of human pulmonary surfactant protein B (SP-B), the
most essential of the surfactant proteins for lung function. Lucinactant
(Surfaxin®, Discovery Laboratories, Inc.; Warrington, PA) has been recently approved by the US FDA for the prevention of Respiratory Distress Syndrome (RDS) in preterm infants at high risk for RDS.
Because synthetic surfactants offer very advantageous scientific and
clinical opportunities for improved neonatal care, they provide a gateway
for the development of additional therapeutic interventions for neonatal
care that have been unavailable with natural animal-derived surfactants,
as delineated below.
Preclinical Studies of Lucinactant
Numerous preclinical pharmacology studies have demonstrated that
lucinactant has significant pharmacologic activity in mechanisms involving pulmonary surface tension-lowering ability and improving lung function and oxygenation comparable to other commercially available pulmonary surfactants. In addition, lucinactant has been shown in vitro to:
be resistant to inactivation by plasma proteins and oxidants when compared with other surfactants, to possess antimicrobial activity, and appears to modulate the pulmonary inflammatory response in vitro, as well
as in animal studies.5-8 Furthermore, studies in a number of in vivo models have shown that combining the appropriate method of administration
concurrent with lucinactant therapy potentiated the beneficial activity of
lucinactant for the prevention and treatment of Respiratory Distress
Syndrome (RDS).9 Finally, toxicology studies with lucinactant in numerous species revealed no notable systemic effects, and a study in guinea
pigs provided no evidence of an immune reaction to the KL4 peptide.
Overview of Clinical Studies with Lucinactant
Lucinactant was vigorously studied in numerous patient populations as
part of a comprehensive clinical development program. Phase II pro-
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Figure 2. Incidence of RDS and RDS-Related Mortality in
Premature Infants (600-1250g).
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Figure 1: Schematic of the molecular structure of KL4-peptide.
(courtesy of DiscoveryLabs).
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Figure 3. Incidence of BPD and Survival w/o BPD at 36 Weeks in
Premature Infants (600-1250g).
grams were conducted in full-term infants with Meconium Aspiration
Syndrome (MAS); very low birth weight (VLBW); premature infants at
risk for bronchopulmonary dysplasia (BPD); premature infants at risk for
RDS; children up to 2 years of age with acute hypoxemic respiratory
failure (AHRF); adult subjects with mild persistent asthma (receiving
aerosolized lucinactant); adult subjects with cystic fibrosis (receiving
aerosolized lucinactant); and adult subjects with acute RDS (ARDS). In
all of these studies, lucinactant appeared to be generally safe and welltolerated, with a safety profile similar to other SRTs and/or standard of
care treatment.
The primary focus of the lucinactant RDS clinical development program
was to demonstrate that the formulation, administered via intratracheal
instillation, was safe and effective in preventing RDS in preterm infants
at risk for RDS. To support this indication, two Phase III trials were conducted in preterm infants: the pivotal study, SELECT, comparing lucinactant with colfosceril palmitate (Exosurf®) with beractant (Survanta®)
serving as a reference arm, and the supportive Phase III study, STAR, to
demonstrate non-inferiority of lucinactant with poractant alfa
(Curosurf®).10,11 In both studies, premature infants were followed shortterm (36 weeks PMA) and through one-year corrected age.12
In the SELECT study, lucinactant was shown to be significantly more
effective than colfosceril palmitate in the primary outcomes of preventing
RDS at 24 hours and reducing RDS-related mortality through 14 days.10
It also significantly lowered RDS-related mortality when compared with
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Survanta (p=0.001) [Figure 2]. In addition, lucinactant had a beneficial
effect on key secondary outcomes by significantly reducing the incidence of BPD (defined as requiring supplemental oxygen at 36 weeks
PMA) and increasing survival without BPD at 36 weeks PMA compared
with colfosceril palmitate (Figure 3).
In the STAR study, lucinactant was shown to be non-inferior to poractant
alfa in the primary outcome of survival without BPD at Day 28 of life and
was also associated with improved long-term survival compared with
poractant alfa.11, 12
In a combined analysis, data from the SELECT and STAR trials were
pooled to evaluate the effect of the synthetically-derived lucinactant
compared with the animal-derived surfactants beractant and poractant
alfa on all-cause mortality over the short-term (28 days and 36 weeks
PMA) and through one year corrected age.10-12 In the pooled analysis,
both short- and long-term mortality were significantly reduced in premature infants treated with lucinactant compared with those treated with the
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(Figure 6).

Figure 4. Incidence of Short-term (28-day and 36 Weeks PMA),
All-cause Mortality in Premature Infants (600-1250g).
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Figure 6. Incidences of Major Complications of Prematurity:
Surfaxin vs. Animal-Derived Surfactants (Survanta and Curosurf).
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Typical, transient peri-dosing events were observed at higher rates with
lucinactant versus the comparator surfactants in the SELECT and
STAR studies, likely related to the volume of administration. It is important to note that the peri-dosing events observed in these studies did
not appear to meaningfully impact short- or long-term clinical outcomes.
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Figure 5. Incidence of Long-term (through 1 year corrected age),
All-cause Mortality in Premature Infants (600-1250g).
animal-derived surfactants (Figure 4 and 5).
Reintubation after successful extubation, a noteworthy event related to
significant morbidity and mortality, was an important outcome measure
in both the SELECT and STAR studies. In a recently published post hoc
analysis of reintubation rates, infants treated with lucinactant were ob-
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In the SELECT and STAR studies, lucinactant was considered safe and
well-tolerated through the short-term and one-year corrected age followup. The safety profile of lucinactant in terms of complications of prematurity was comparable to that of colfosceril, beractant, and poractant alfa.
Additionally, when data from the SELECT and STAR studies were
pooled to further evaluate safety, no differences in the incidences of major complications of prematurity were detected with lucinactant when
compared with animal-derived surfactants, beractant and poractant alfa
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served to have a lower rate of reintubation when compared with beractant (35% vs. 43%, respectively; p=0.021) and poractant alfa (33% vs.
47%, respectively; p=0.021).13

The recent increased use of nasal CPAP (nCPAP) for the treatment of
neonatal RDS has been popularized by the desire to avoid the invasiveness of endotracheal intubation and mechanical ventilation in preterm infants, as well as the success of this modality reported in studies
as far back as the early 1970s.14 An analysis performed by Avery, et al,
revealed that less aggressive ventilatory management (early nCPAP)
at Columbia University led to lower rates of chronic lung disease (CLD)
or BP.15 Retrospective cohort analyses have shown that nCPAP alone
decreased the need for invasive treatment and the duration of respiratory support among preterm newborns with RDS when compared to
those treated with intermittent mechanical ventilation (IMV).16,17
Nevertheless, a significant detriment to nCPAP therapy without endotracheal (ET) intubation is that it precludes the use of surfactant replacement therapy (SRT) for RDS prophylaxis and treatment, which
has been established as standard of care and shown to be highly effective in reducing morbidity and mortality in preterm infants over the
last two decades.18 Additionally, in a recent multicenter, randomized
clinical study (COIN), significant nCPAP failure rates were observed
with use of early nCPAP, and the delay or avoidance of SRT led to
increased risk for pneumothorax.19 A series of clinical studies have
prospectively examined the use of nCPAP followed by SRT, a technique known as InSurE (intubation, surfactant instillation, and extuba-
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tion to nCPAP).20-22 In general, these studies suggest that the InSurE
approach appears to be safe and effective in decreasing subsequent
nCPAP failure and intubation rates, air leakage, and length of mechanical ventilation, as well as subsequent dosing of surfactants.19-22 Despite
the positive findings associated with InSurE, this approach still requires
ET intubation, which may be a traumatic procedure and can be associated with adverse physiologic effects including bradycardia, fluctuations
in blood pressure, hypoxia and increased intracranial pressure
(ICP).22, 23 Additionally, repeated intubations with malposition of the ET
tube during placement,24 as well as rare iatrogenic tracheobronchial
perforations reported with intubation, clearly indicate that ET intubation
can result in serious adverse effects in neonates.25, 26

bench evaluation of these devices and subsequent testing of one of
these devices (a vibrating membrane nebulizer: Aeroneb-Pro®, Aerogen, Dangan, Galway, Ireland) in the first aerosol lucinactant proof-ofconcept study in humans, it became apparent that this device was
suboptimal for delivering viscous materials such as lucinactant. Extensive engineering efforts were refocused on developing an alternate
aerosol generator capable of delivering highly concentrated aerosolized surfactant to patients in order to provide sufficient amounts of active drug for an efficacious response within a relatively short period of
time. These efforts led to the identification and subsequent development and optimization of a novel aerosol generation technology, the
capillary aerosol generator (CAG) by DiscoveryLabs.

Thus, attempts to avoid intubation in the treatment of RDS have led clinicians to administer surfactant in a direct non-invasive approach by
using an aerosolized form of the drug. Several proof-of-concept clinical
studies using aerosolized surfactants combined with nCPAP for prevention of RDS have been performed, demonstrating safety27- 29 and, in one
study, a significant response to treatment.28 All of the studies utilized a
late treatment schedule of surfactant delivery from 2 to 9 hours of life.

During the optimization of the CAG, characterization of pre- and postaerosolization of the drug showed that aerosolized lucinactant retained
both its chemical composition and surface tension-lowering properties.
As shown below (Figure 7), the surface tension of aerosolized lucinactant measured by pulsating bubble surfactometry (PBS) suggests that
aerosolization does not significantly alter the physical properties of the
drug product.

The potential benefits of delivering aerosolized surfactants without the
requirements for ET intubation are clearly appealing. Optimization of a
surfactant formulation that: (i) can be effectively aerosolized without degradation or loss of activity; (ii) is resistant to inactivation; and (iii) possesses anti-inflammatory activity29 could provide additional benefits in
improving outcomes of preterm infants that require SRT to prevent or
treat RDS.
Lucinactant (KL4 surfactant) has been shown to possess all the above
attributes. Lucinactant has been shown in vitro to be more resistant to
inactivation by inflammatory mediators such as fibrinogen, C-reactive
protein, and platelet activating factor compared to beractant,30 and significantly decreased hyperoxia-induced interleukin (IL)-6 and -8 secretions from human airway epithelium.8 An in vivo study on an LPSinduced lung injury model treated with hyperoxia and lucinactant showed
decreased lung edema, leukocyte influx into the alveoli, and blockade of
polymorphonuclear leukocyte (PMN) infiltration when compared to untreated controls and beractant.31 In the preterm lamb model of RDS,
lucinactant-treated animals were observed to have significantly lower
levels of IL-6, IL-8 and myeloperoxidase (MPO) in the lung homogenate
and Il-6 and 8 plasma concentrations compared to poractant alfa or
beractant.32 The intrinsic properties of lucinactant to modulate the pulmonary inflammatory response may be of particular importance in preventing BPD. Data from a recent multicenter clinical study suggested
that risk for BPD and death was associated with higher concentrations of
IL 1", 6, 8 and 10, interferon #, and lower concentrations of Il-17.33
The benefits of nCPAP and the unique attributes of lucinactant – namely,
the development of aerosolized lucinactant delivered non-invasively with
nCPAP for prevention of RDS, with the potential for improving survival
without BPD and reducing the incidences of nCPAP failure, air leak and
BPD – provides a solution for an important unmet medical need.
Aerosolized Lucinactant
Initially aerosol studies focused on testing “off-the-shelf,” commercially
available aerosol generators to deliver lucinactant. Based upon the

Figure 7. Dilution curve on PBS pre and post-aerosolization.

An in vivo fetal rabbit biological activity test demonstrated improvement
in respiratory system compliance at 30 minutes after intratracheal instillation of lucinactant collected post-aerosolization, which was similar
to compliance obtained after instillation of control liquid formulation of
lucinactant.
In studies conducted to compare the output rates of the CAG with commercially available aerosol generators, utilizing both saline (as a low
viscosity control) and lucinactant, CAG aerosol output rates were consistently greater for all test articles34 (Figure 8).
The CAG drug/device delivery system consists of a base unit and a single use disposable delivery system that includes a disposable aerosol
generator (CAG), a disposable, proprietary nCPAP connector, a dispos-

Contemporary Management of Neonatal Pulmonary Disorders Conference
Tempe Mission Palms, Tempe, AZ; November 1-2, 2012
Organized by Neonatology Associates, Ltd
Sponsored by St. Joseph Hospital and Medical Center
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Figure 8. Aerosol output rates for saline and lucinactant generated
with different aerosol generators.
able fluid trap assembly, a drain bottle assembly, a drug reservoir filter
assembly and a disposable drug reservoir.
Aerosol Delivery System : Ventilation/nCPAP Connector
Aerosolized drugs have been used routinely in the NICU for several
decades; however, the results of clinical studies have been generally
disappointing.34-36 It is probable that the aerosol systems used in these
studies were not optimal for drug delivery to the lungs.
DiscoveryLabs has designed a novel aerosol delivery system (i.e.,
ventilation/nCPAP connector) that allows for efficient aerosol entrainment into the patient interface during nCPAP treatment (Figure 9). This
ventilation/nCPAP connector, while not increasing dead space volume,
directs the aerosol towards the patient, thereby assuring that potential
dilution of the ventilator gas flow is prevented. Both an in vitro dilution
study and a resistance study demonstrated technical advantages of this
novel aerosol delivery system.
Preclinical Drug/Aerosol Device Experience
The drug/device combination consisting of lucinactant and the current
CAG device (including the Afectair® connector) has been evaluated in a
preclinical study using the well-established preterm lamb RDS model.
The objective of this study was to assess the safety and effectiveness of
aerosolized lucinactant on lung mechanics, histomorphology and biomarkers of lung inflammation in spontaneously breathing, nCPAPsupported preterm lambs. The study results, presented at several scientific congresses, showed that relative to treatment with nCPAP alone,
aerosolized lucinactant delivery by CAG technology improved pulmonary
mechanics, lung structure integrity, and reduced lung inflammation in
very preterm lambs. These observations support the potential utility of
this novel approach to treat preterm infants with respiratory distress
syndrome.37 The study is expected to be published within the next year.
Clinical Experience with Aerosolized Lucinactant
Although there have not been extensive clinical studies with aerosolized
lucinactant, a pilot study38 was conducted to determine the feasibility and
safety of prophylactic aerosolization of lucinactant delivered by nCPAP
to preterm infants at risk for RDS. This study was conducted prior to the
development of the aforementioned CAG, and an FDA approved aerosol
generator (Aeroneb-Pro® vibrating membrane nebulizer, Aerogen Ltd.,
Dangan, Galway, Ireland) was used to aerosolize lucinactant.
Infants were stratified by gestational age (GA) and enrolled into either
treatment Group 1 (aerosolized lucinactant re-treatment separated by at

6

Figure 9. Schematic of the Afectair® (ventilation/nCPAP) connector.

least three hours) or treatment Group 2 (aerosolized lucinactant retreatment separated by at least one hour). A total phospholipid (TPL)
concentration of 20 mg/mL of lucinactant was used in the Aeroneb-Pro.
The predetermined Aeroneb-Pro output rate of Aerosurf was 4 µL/sec
and the inhaled dose, based on bench testing with a lung simulator, was
0.4 mg TPL per minute.39 Thus, over a three-hour period, the maximal
potential inhaled dose of Aerosurf delivered to the infant was approximately 72 mg TPL. Mass median aerodynamic diameter (MMAD) of the
aerosol generated by the system was previously established at
1.9 ± 0.3 µm.39 All neonates received the initial three-hour treatment
within 30 minutes of birth, and three re-treatments were permitted within
48 hours based upon clinical response.
Seventeen infants were enrolled (birth weights 1033-2870 g); 11 in
the 30-32 weeks GA stratum, and six in the 28-29 weeks GA stratum.
All infants survived: five of 17 (29.4%) required subsequent ETT surfactant replacement therapy (SRT); four of 17 (23.5%) were diagnosed with RDS at 24 hours; and two of 17 (11.8%) were diagnosed
with BPD at 28 days of life. Although the number of subjects is small,
the aerosol nCPAP failure rates, RDS rates, and the BPD rates are
lower than those reported in the current literature. Mean FiO2 was 0.4
at baseline and 0.32 at four hours post treatment. Aerosolized lucinactant was well tolerated with transient desaturations observed
during dosing without bradycardia or hypotension. Variability in output rates of the Aeroneb-Pro was observed, leading to different average dispensed drug volumes per treatment per patient.
Lyophilized Form of Lucinactant
Past clinical experience provides ample evidence that liquid instillate
lucinactant is efficacious and well-tolerated in premature infants at
risk for RDS. As described above, liquid lucinactant significantly decreased the incidence of RDS and RDS-related mortality, decreased
the incidence of BPD, and increased the rate of survival without BPD.
Moreover, short- and long-term mortality was significantly reduced
with lucinactant versus the animal-derived surfactants. In the clinical
studies conducted in premature infants at risk for RDS, lucinactant
appeared to be generally safe and well-tolerated.
Based on the favorable material characteristics and potential technical / logistical advantages of the lyophilized dosage form of lucinactant, initial lung compliance findings related to Surfaxin LSTM in a
pre-term lamb study, and extensive clinical experience with liquid
lucinactant, it is reasonable to expect that the efficacy and safety
profiles of lyopholized lucinactant in premature infants with RDS
would be comparable to that of the liquid dosage form, but with potentially easier preparation. Thus, the (Continued on Page 9)
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lyophilized dosage form is another important step forward with respect to convenience of administration.
Conclusion
The “Bench to Bedside” story of the first synthetic, peptide-containing
surfactant approved in the United States has been a journey involving
over 30 years of research. Charles Cochrane and DiscoveryLabs
should be proud of their great accomplishments in advancing the standard of care for pulmonary medicine. Of tantamount significance is that
this therapy was initiated with a focus on premature infants at risk for
RDS, a complication of prematurity that has resulted in many infant
deaths. The discovery and approval of lucinactant serve as a gateway
for the future development of lyophilized surfactant, the development of
a new aerosolization technology that protects the therapeutic effectiveness of KL4 surfactant, and a simple, but elegant solution in a
ventilator/CPAP connector (Afectair®) for delivering these therapies to
premature infants and neonates, our most vulnerable and fragile patient population.
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Global Neonatology Today Monthly Column Millennium Development Goals: Where We Are in 2012?
By Dharmapuri Vidyasagar, MD, FAAP, FCCM
As the U.N. Millennium Development Goals’
(MDGs) target date of 2015 is fast approaching, the question arises: “What happens after 2015?” Many thoughts and plans
are being floated around trying to answer
that question.
As discussed in this column, The eight Millennium Development Goals declared in
2000 are the key areas to focus on in order
to improve the overall well-being of people
around the world. Simply stated, they
include: poverty reduction, improvement in
education, improvement in gender equality,
infant and mortality reduction, sustaining
environmental safety, and the creation of a
global alliance to attain these goals through
collective global effort.
During the last ten years, countries across
the globe have been focusing their efforts to
meet the targets by 2015. Some have succeeded, some are on track, still others have
yet to show progress. Achieving the MDGs
requires a great amount of planning within
the country, as well as help from developed
countries. It requires the support of governments, international organizations, civil
society and businesses alike. Although
there are great expectations that the target
will be met by 2015, there are also doubts,
given intervening global events, whether
these expectations are realistic. The unforeseen economic crises leading to financial instabilities around the globe has
pushed back the expected progress. However, it is the general opinion that MDGs
have provided important directions for future work and have spurred dialogue among
stakeholders at national and international
levels. The emphasis on goals and targets
has brought home global-thinking at the
local levels. However, there is a criticism
from some in that the Millennium Goals are
too big and too diffuse to be successful.
Both donor and recipient countries have
experienced economic woes, regional conflicts and natural disasters that have impeded their progress. Nevertheless, there is
a general feeling among policymakers and
civil society that serious gains have been

made in the fight against poverty, hunger
and disease. The following points highlight
the gains made so far according to analysts:
1.

2.

3.
4.

5.
6.

Despite significant setbacks after the
2008-2009 economic crisis, the world is
on track to reach the MDG povertyreduction target by 2015.
Some of the world’s poorest countries,
including: Burundi, Rwanda, Samoa,
Togo and the United Republic of Tanzania, have made the greatest strides
in education.
Every region has made progress in
improving access to clean drinking water.
Investments in preventing and treating
HIV have caused new HIV infections to
drop by 21% in 1997, when they
peaked.
The number of deaths of children under
the age of five declined from 12.4 million in 1990 to 8.1 million in 2009.
Also, maternal deaths have decreased
significantly.

Now the question is: What happens after
2015?
Several ideas are floating around; they include: continuing the Goals for an extended
period and/or initiating a new set of goals.
These plans were discussed at the recent
meeting United Nations Conference on Sustainable Development (UNCSD), that took
place in Rio or better known as “Rio+20.”
We will discuss that in the next issue.
The Clock is Ticking !!!
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