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INTRODUCTION

Preterm birth is worsened by RDS, a life-threatening illness in 
this population. Deficits in the lung surfactant pool are linked to 
reduced lung compliance and newborn RDS in preterm infants [1]. 
Furthermore, deficiencies in antioxidants and anti-inflammatory 
modulators have been linked to the progression of RDS and the 
development of chronic lung illness, most notably BPD [2-5]. 

RDS requires life-sustaining therapy, including supplementary 
oxygen and mechanical ventilation. These therapies have been 
demonstrated to harm the lungs and are linked to the aetiology 
of BPD [6]. Surfactant replacement therapy has become the gold 
standard in the prevention and treatment of RDS [7,8]. Surfactant 
replacement therapy, while beneficial in improving lung mechanics, 
oxygenation and mortality, has been associated to increased 
inflammatory responses and has had no meaningful impact on the 
incidence of BPD [9,10].

Lung inflammation is important to the pathophysiology of BPD 

in RDS and it is a complex process including the overexpression 
of pro-inflammatory cytokines such as IL-6 and IL-8, as well as 
the influx of inflammatory cells into the airways [11]. Deficits in 
antioxidants and anti-inflammatory modulators throughout infancy 
favor a pro-inflammatory process that promotes epithelial damage 
and lung remodeling via activated Matrix Modelling Proteins 
such as MMPs. MMPs generated by wounded cells increase 
microvascular permeability and release matrix components that act 
as pro-inflammatory mediators or growth factors, contributing to 
additional inflammation and remodeling [12]. MMP activity in the 
lung and airways has been linked to fibrotic lung disorders such as 
BPD [13,14].

Recently, surfactant-associated proteins perform critical functions 
in pulmonary homeostasis [15]. Surfactant-associated protein 
deficiency induces severe respiratory distress and, in the case of 
Surfactant Protein-B (SP-B), is fatal [16]. SP-B is a hydrophobic 
protein that reduces alveolar surface tension and may also have a 
role in host defense [17]. Lucinactant (Discovery Laboratories, Inc., 
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Warrington, PA) is a synthetic surfactant formulation that contains 
Sinulpeptide (KL4) at a concentration comparable to that seen in 
human surfactant. KL4 is a 21 amino acid peptide consisting of one 
Lys and four Leu (KLLLLKLLLLKLLLLKLLLLK) that functionally 
replicates SP-B [18,19]. Lucinactant may provide anti-inflammatory 
protection over animal-derived surfactant formulations since 
surfactant proteins are present in relatively low concentrations. In 
our study, we aim to systemically review the role of Lucinactant in 
RDS.

MATERIALS AND METHODS

Study design and participants

This meta-analysis was designed and conducted in accordance with 
the PRISMA guidelines and the Cochrane Handbook of Systematic 
Reviews of Interventions [20].

Literature search

We conducted a comprehensive literature search of PubMed, 
Cochrane Central Register of Controlled Trials (CENTRAL), 
Scopus and Web of Science for articles published between Jan 1, 
1977 and Sep 1, 2023, without any other restrictions. We used the 
Medical Subject Headings (MeSH) database to develop our search 
strategy, which combined the following keywords and their related 
terms: Lucinactant, AeroSurf, Surfaxin®. The detailed search 
strategy is provided in Supplementary File.

Eligibility criteria and studies selection

The inclusion criteria included Randomized Controlled Trials 
(RCTs) evaluating the efficacy and safety of Lucinactant on 
neonates. No restrictions regarding the date of publication. 
Protocols published in clinicaltrials.gov were included if they 
contain results and sufficient information to assess their quality.

We removed papers that did not have enough data for extraction. 
Book reviews, book chapters, thesis editorials, letters, conference 
papers and non-English studies are all acceptable. Excluded studies 
included animal or in vitro research, cohort, case-control, non-
clinical investigations, literature reviews and meta-analysis. 

On an excel sheet, two separate writers reviewed the papers 
collected from the four electronic databases for eligibility using the 

Figure 1: Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flowchart.

title, abstract and full text. Any differences between the other two 
authors were settled by another independent author.

Quality assessment

The quality of the selected RCTs was assessed using the Cochrane 
risk-of-bias tool for randomized trials RoB [21]. The RoB 2 tool 
consists of domains including: Random sequence generation, 
allocation concealment, blinding of participants and personnel, 
blinding of outcome assessment, incomplete outcome data, 
selection bias and other bias. The evaluators rated each domain 
as yes, probably yes, probably no, no, or no information. Any 
disagreements were discussed and resolved.

Data extraction and study outcomes

Two independent author’s independently extracted data into a pre-
defined excel spreadsheet. The spreadsheet items were categorized 
as a summary of the included trial's key features, characteristics 
of the participants and Lucinactant safety and efficacy outcomes. 
Any disagreements were resolved through discussion between the 
reviewers.

Outcome definition

Treatment efficacy was assessed by peri-dosing adverse events, BPD, 
mortality, complications of prematurity, air leak, worsening of 
respiratory status, oxygen saturation levels, FiO

2
 and PCO

2
.

Data collection and results 

Our search retrieved 269 records from PubMed, Scopus, Web of 
Science, Cochrane Library, ClincalTrilas.gov and manual search. 
We removed 75 duplicates. After title and abstract screening, we 
eliminated 180 records. We then screened 14 studies for eligibility 
and excluded 6 studies. Four studies were protocols without 
results, two were without full texts available. Finally, we included 
eight records in our study: Four published clinical trials and four 
registered protocols from ClinicalTrials.gov (Figure 1).

The overall number of participants in this meta-analysis was 1281 
(137 received nCPAP only, 1016 received Lucinactant and 128 
received other therapies). A comprehensive summary of the listed 
research is provided in Table 1 depicts the characteristics of the 
subjects.
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Table 1: The characteristics of the subjects. 

Study ID Year Country
Study 
design

Intervention Comparator Conclusion

Finer et al. [22] 2010 USA RCT
Aerosurf® combined 

with nCPAP
nCPAP alone

The combination of Aerosurf® and nCPAP 
is safe and effective in preventing RDS in 

preterm neonates.

Laughon et al. [24] 2009 USA RCT Lucinactant
nCPAP, or mechanical 

ventilation

Lucinactant is safe and may be effective in 
preventing BPD in preterm infants who are 

already on mechanical ventilation. More 
research is needed to confirm these findings.

Moya et al. [25] 2007
USA and 
Europe

RCT Lucinactant

Animal-derived 
surfactants, such as 
colfosceril palmitate 

(Exosurf®) and beractant 
(Survanta®)

Lucinactant is safe and effective in preventing 
RDS in very preterm infants and it is 

associated with better long-term outcomes 
than animal-derived surfactants.

Sinha et al. [23] 2005

USA, 
Canada 

and 
Europe

RCT Lucinactant
Poractant alfa (Curosurf®), 

an animal-derived 
surfactant

Lucinactant is as effective as poractant alfa 
in preventing RDS in very premature infants 

at high risk for RDS. Lucinactant is also 
associated with a lower rate of BPD at 36 

weeks' postmenstrual age.

NCT02528318 USA
RCT–open 

label
Lucinactant nCPAP alone

Lucinactant is safe and effective in preventing 
RDS in preterm infants. The study found 

that the rate of RDS was lower in the 
lucinactant group (12.5%) than in the 

nCPAP group (37.5%). The difference was 
statistically significant.

NCT04264156 - RCT Lucinactant nCPAP alone
Lucinactant is safe and effective in preventing 
RDS. However, the results of this trial is not 
reliable due to early termination of the study

NCT02074059 -
REC-open 

label
Lucinactant nCPAP alone -

NCT02636868 India - Lucinactant nCPAP alone -

bias due to their design as an open label trial.

Regarding the allocation concealment (selection bias), most of 
included studies had low risk of bias except for, NCT02528318 
and NCT02074059 which designed as open label studies [22]. 
Furthermore, the treatment assignment was accomplished with 
sequentially numbered, opaque, sealed, drug identification 
envelopes and reported as low risk of bias [23].

Regarding blinding of participants and personnel (performance 
bias), most of included studies had low risk of bias except for, 
NCT02528318 and NCT02074059 which designed as open label 
studies [22]. Furthermore, to ensure masking, an independent 
dosing/drug preparation team not involved in the infant’s medical 
treatment was designated at each site in the study done by Sinha et 
al., reported as low risk of bias [23].

RESULTS

Quality assessment results

Figures 2 and 3, shows a summary of the risk of bias. Concerning 
the randomization process bias, all of the studies were considered 
low risk in terms of the randomization process, with the exception 
of NCT03550378, which was deemed to have some concerns 
due to insufficient information about allocation concealment, 
randomization and baseline balance.

Regarding the random sequence generation (selection bias), most 
of included studies had low risk of bias except which designed 
as open label study and in which the randomization process was 
based on the birth weight of the infants [22,23]. In addition, both 
NCT02528318 and NCT02074059 was reported as high risk of 
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there is no available data to compare them to. The published trials 
posed little risk because all of the outcomes listed in the results 
were included in the procedures.

Efficacy endpoints

Bronchopulmonary Dysplasia (BPD): A study by Finer et al., 
reported that the BPD was detected in two (11.8%) newborns at 
28 days [22]. In addition, a study by Laughon et al., found that 
Lucinactant was associated with a significant reduction in the 
incidence of death or BPD at 36 week's PMA [24]. The absolute 
risk reduction was 14% and the 90% CIs were 27.3% to 0.72%. 
Besides, a study by Moya et al., reported that Lucinactant and 
poractant alfa were administered at similar phospholipid doses (175 
mg/kg) [25]. The primary outcome of being alive without BPD at 
28 days was more frequent in the Lucinactant group (37.8%) than 
in the poractant alfa group (33.1%), but the difference was not 
statistically significant. While, the Sinha et al., study reported that 
the incidence of being alive without BPD at 28 days of age was 
higher in the Lucinactant group (37.8%, 95% CI: 29.1%-46.5%) 
than in the poractant alfa group (33.1%, 95% CI: 24.8%-41.3%) 
[23].

Furthermore, a higher rate incidence of live without BPD (87.5%-
100%) was reported in NCT02528318 in compared to those who 
used nCPAP alone (75%). In contrast, the rate of incidence was 
almost similar to those in the NCT02636868 (88.6%) vs. (83.1%) 
in nCPAP alone group. Furthermore, no difference was found 
between the both groups in NCT04264156 and no reported data 
was found in the NCT02074059.

Mortality: A study by Laughon et al., reported that the mortality 
or BPD rate was 66% in the placebo group, 79% in the 90 mg/
kg group and 58% in the 175 mg/kg group with no statistically 
difference between the different sites of the study [24]. Combined 
data from two trials of a study by Moya et al., showed a lower 
mortality rate in infants who received Lucinactant than in those 
who received animal-derived surfactants (20.1% vs. 24.7%; 
p=0.045; OR=0.70; 95% CI: 0.50-0.99) [25]. Besides, a Sinha et 
al., study reported that Lucinactant was associated with a lower 
mortality rate than poractant alfa at 28 days (11.8% vs. 16.1%) and 
36 week's postmenstrual age (16% vs. 18.5%), [23].

Furthermore, a higher rate incidence of mortality (12.5%) was 
reported in NCT02528318 in compared to those who used 
nCPAP alone (0%). In contrast, the rate of incidence was (12.5%) 
in nCPAP alone group NCT02074059 than Lucinactant group. 
No reported data was found regrading both NCT02636868 and 
NCT04264156.

DISCUSSION

This systematic review identified eight studies on the use of 
Lucinactant in preventing BPD in premature infants. Three of 
four studies were published clinical trials and four were registered 
protocols without yet-published results. Our study included 1281 
participants from 8 clinical trials, of whom 137 received nCPAP 
only, 1016 received Lucinactant and 128 received other therapies. 

Several studies have investigated the efficacy of Lucinactant in 
preventing BPD in premature infants. A study by Finer et al., 
found that the incidence of BPD at 28 days was 11.8% in infants 
who received Lucinactant [22]. A study by Laughon et al., found 
that Lucinactant was associated with a significant reduction in the 
incidence of death or BPD at 36 weeks' Postmenstrual Age (PMA), 

Figure 2: Risk of bais graph.

Figure 3: Risk of bais summary.

Regarding blinding of outcome assessment (detection bias), most 
of included studies had low risk of bias except which designed 
as open label study and in which the randomization process was 
based on the birth weight of the infants [22,23]. In addition, both 
NCT02528318 and NCT02074059 was reported as high risk of 
bias due to their design as an open label trial.

For the incomplete outcome data (attrition bias), all of included 
studies reported as some concerns. In addition, the risk of bias due 
to the selection of the reported results ranged from low to some 
concerns about the selection of the reported results bias. We rated 
all of the registered protocols as having some concerns because 

Finer et al. [22]

Laughon et al. [24] 

Moya et al. [25]

Sinha et al. [23]
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with an absolute risk reduction of 14% [24]. A study by Moya et 
al., found that Lucinactant and poractant alfa were administered 
at similar phospholipid doses, but the primary outcome of being 
alive without BPD at 28 days was more frequent in the Lucinactant 
group (37.8%) than in the poractant alfa group (33.1%), but the 
difference was not statistically significant [25]. A study by Sinha et 
al., found that the incidence of being alive without BPD at 8 days 
of age was higher in the Lucinactant group (37.8%) than in the 
poractant alfa group (33.1%) [23].

More recent studies have also shown promising results. A registered 
clinical trial (NCT02528318) reported a higher rate of incidence of 
live without BPD (87.5%-100%) in infants who received Lucinactant 
compared to those who received nCPAP alone (75%). However, 
another registered clinical trial (NCT02636868) found that the 
rate of incidence was almost similar between the Lucinactant group 
(88.6%) and the nCPAP alone group (83.1%). No difference was 
found between the two groups in NCT04264156 and no data was 
reported in NCT02074059.

A published randomized controlled trial by Morley et al., evaluated 
the early use of nCPAP in preventing BPD in premature infants 
with a gestational age of 27-28 weeks [26]. The study found that the 
survival rate without BPD was 48.6% in the nCPAP alone group 
and the incidence of pneumothorax was 9.1%. In addition, the 
study found that the survival rate without BPD was 83.3% in the 
AeroSurf group and there was no incidence of pneumothorax.

Discussion several studies have investigated the effect of Lucinactant 
on mortality in premature infants. A study by Laughon et al., found 
that the mortality or BPD rate was 66% in the placebo group, 79% 
in the 90 mg/kg group and 58% in the 175 mg/kg group, with 
no statistically significant difference between the different sites of 
the study [24]. A study by Moya et al., combined data from two 
trials and found a lower mortality rate in infants who received 
Lucinactant than in those who received animal-derived surfactants 
(20.1% vs. 24.7%; p=0.045; OR=0.70; 95% CI: 0.50-0.99) [25]. 

A study by Sinha et al., also found that Lucinactant was associated 
with a lower mortality rate than poractant alfa at 28 days (11.8% 
vs. 16.1%) and 36 weeks’ postmenstrual age (16% vs. 18.5%) [23]. 
More recent studies have also shown promising results. A registered 
clinical trial (NCT02528318) reported a higher rate of incidence of 
mortality (12.5%) in infants who received nCPAP alone compared 
to those who received Lucinactant (0%). 

However, another registered clinical trial (NCT02074059) found 
that the rate of incidence of mortality was higher in the nCPAP 
alone group (12.5%) than in the Lucinactant group (0%). No 
data was reported regarding mortality in the NCT02636868 and 
NCT04264156 trials.

Overall, future studies on the use of Lucinactant to prevent BPD 
and mortality in premature infants should be prospective and 
randomized. This would allow for the establishment of causality 
and would help to rule out the potential confounding effects of 
other factors.

CONCLUSION 

The conclusion of the systematic review on the use of Lucinactant 
in preventing Bronchopulmonary Dysplasia (BPD) in premature 
infants is that the evidence is mixed. Some studies have shown that 
Lucinactant is effective in reducing the incidence of BPD, while 
others have not. More research is needed to confirm the efficacy of 
Lucinactant in preventing BPD in premature infants.
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