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noninfectious etiologies, ARDS has an early, or 
exudative, phase manifested by increased pulmo‑
nary capillary permeability, leading to alveolar 
fluid accumulation and worsened oxygenation.5 
Mortality rises with disease severity and patient’s 
age, and outcomes range from complete resolu‑
tion to substantial chronic lung damage.3 Interfer‑
on beta ‑1a has been shown to reduce pulmonary 

INTRODUCTION Acute lung injury can lead to 
an inflammatory pulmonary process, which rap‑
idly progresses to acute respiratory distress syn‑
drome (ARDS), a highly fatal respiratory disease 
characterized by diffuse alveolar damage.1-3 Mor‑
tality in ARDS can be as high as 40%, with in‑
cidence rates reaching 78 cases per 100 000 in‑
dividuals.3,4 If triggered by both infectious and 
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ABSTRACT

INTRODUCTION Acute respiratory distress syndrome (ARDS) is a life ‑threatening disease characterized 
by respiratory failure with rapidly progressing inflammation. Currently, no effective pharmacological 
treatment for ARDS is available.
OBJECTIVES We conducted this systematic review and meta ‑analysis to examine the use of interferon 
beta ‑1a in patients with ARDS.
METHODS Data sources included the following databases: MEDLINE, EMBASE, and the Cochrane Central 
Register of Controlled Trials. We retained trials from 1996 to February 25, 2020 that comparatively examined 
the use of interferon beta ‑1a in patients with ARDS. Two reviewers identified eligible studies, independently 
extracted study data, and assessed the risk of bias. The authors evaluated the certainty of evidence using 
the Grading of Recommendations, Assessment, Development and Evaluation (GRADE) approach.
RESULTS We included 2 trials (n = 392 patients). No significant differences in 28 ‑day hospital mortality 
(risk ratio [RR], 0.59; 95% CI, 0.13–2.67; P = 0.49; very low certainty) and the number of ventilator ‑free 
days (mean difference, 4.85 days; 95% CI, –3.25 to 12.93; P = 0.24, very low certainty) were observed 
in patients treated with interferon beta ‑1a compared with those not receiving this drug. Interferon beta ‑1a 
also had no significant impact on the risk of adverse events (RR, 0.98%; 95% CI, 0.94–1.03; P =0.47; 
low certainty).
CONCLUSIONS The use of interferon beta ‑1a does not appear to improve mortality or reduce the number 
of ventilator ‑free days and adverse events in patients with ARDS. This review is based on 2 small studies 
reporting a limited number of events, which raises questions regarding the true effects of interferon beta‑
‑1a. The analysis of 1 study revealed increased mortality with the concomitant use of corticosteroids and 
interferon beta ‑1a, suggesting a need for careful consideration of this drug–drug interaction.



POLISH ARCHIVES OF INTERNAL MEDICINE 2020; 130 (4)288

beta ‑1a. If a study reported outcomes at more 
than 1 time point, we abstracted data closest to 
the longest follow ‑up. Two reviewers indepen‑
dently screened titles and abstracts in duplicate, 
obtained full texts of articles that either reviewer 
considered potentially eligible, and determined 
the final review eligibility of the full texts.

Data abstraction and quality assessment Two re‑
viewers, independently and in duplicate, extract‑
ed relevant data (study design, study demograph‑
ics such as author, year, location and center sta‑
tus, patient demographics such as age, sex, sam‑
ple size, intervention [the timing of interferon 
beta ‑1a initiation and dosing regimens], compar‑
ator, and outcomes that included all ‑cause mor‑
tality, duration of mechanical ventilation, num‑
ber of ventilator ‑free days, and adverse events), 
and assessed the risk of bias (performed critical 
appraisal) using the Cochrane risk of bias tool8 
for RCTs. During the TA and FT phases, screen‑
ing was performed in duplicate and independent‑
ly by pairs of screeners. Disagreement was set‑
tled by consensus or with adjudication of a third 
party if necessary. We also assessed 2 additional 
domains that were considered potential factors 
for a high risk of bias (stopping early for benefit 
and baseline imbalance). We adopted the follow‑
ing response options regarding the risk of bias: 
“yes,” “probably yes,” “probably no,” and “no,” 
aiming to remove the often provided “unclear” 
responses, which limit a clear interpretation of 
the risk of bias.9

To assess the overall risk of bias, we judged 
whether the key domains (randomization, alloca‑
tion concealment, blinding of patients and health‑
care providers, data loss, and stopping early for 
benefit) were optimally reported. If any of the do‑
mains were not demonstrated as optimally execut‑
ed, then the study was assigned a high risk of bias 
(Supplementary material, Table S1).

Data synthesis and analysis We used random‑
‑effects modeling for all analyses with the Man‑
tel–Haenszel risk ratio (RR) for dichotomous 
outcomes and mean difference (MD) for contin‑
uous variables.10 We hypothesized that a great‑
er severity of ARDS and a higher risk of bias 
would be associated with a larger treatment ef‑
fect. We were aware of the fact that the analysis 
would be limited by the comprehensiveness of 
study reporting. If data were reported as medi‑
an and interquartile range, we converted these 
to mean (SD).11

We conducted subgroup analyses by the se‑
verity of ARDS, as well as dose and early ver‑
sus late administration of interferon beta ‑1a, if 
the reported data allowed to do so. We also per‑
formed sensitivity analyses, excluding studies at 
high risk of bias, to assess the robustness of es‑
timates. Studies stopped early for benefit were 
flagged.12 The aim of the sensitivity analysis was 
to separate studies at high risk of bias and exam‑
ine their effect on the pooled estimate.

capillary permeability and posited as a therapeu‑
tic candidate for ARDS.6 Currently, the treatment 
of ARDS is based principally on supportive care, 
management of the underlying disease, and ven‑
tilator support.7

Preliminary evidence from a small, open ‑label, 
phase 1/2 study revealed some benefit of re‑
ducing 28 ‑day mortality in patients with ARDS 
treated with interferon beta ‑1a compared with 
those treatment ‑naive.6 Acute respiratory dis‑
tress syndrome is associated with severe mor‑
bidity and mortality. That is why we sought to 
clarify evidence on the safety and efficacy of 
a potentially beneficial treatment. We conduct‑
ed this systematic review and meta ‑analysis to 
determine the efficacy of interferon beta ‑1a in 
patients with ARDS.

METHODS Data sources and search methods  
A protocol with predetermined eligibility criteria 
and methods was developed for this review. Giv‑
en the global emergency situation and the pres‑
ent delay in the International Prospective Reg‑
ister of Systematic Reviews, we proceeded with 
this rapid review without formal registration.

The following databases were searched: 1) MED‑
LINE / PubMed (1996 to February 25, 2020), apply‑
ing a search filter for randomized controlled trials 
(RCTs) with no limits; 2) EMBASE (1996 to Feb‑
ruary 25, 2020), filtering for RCTs; and 3) the Co‑
chrane Central Register of Controlled Trials (to 
February 25, 2020), with no limits (for an exem‑
plary search in the MEDLINE and EMBASE data‑
bases, see Supplementary material, Appendix S1).

Study selection Eligible studies were compar‑
ative, parallel ‑group RCTs that randomized pa‑
tients with ARDS, of any cause, to the interferon 
beta ‑1a therapy versus placebo or standard treat‑
ment or no treatment. We sought studies report‑
ing on at least 1 of the following outcomes: all‑
‑cause mortality, duration of mechanical ventila‑
tion, length of hospital stay, ventilator ‑free days 
(defined as the number of days alive free from me‑
chanical ventilation), or adverse effects and com‑
plications associated with the use of interferon 

WHAT’S NEW?

Acute respiratory distress syndrome (ARDS) is a life ‑threatening inflamma‑
tory pulmonary process, characterized by rapid progression and the need for 
respiratory support. There is no specific pharmacological therapy for ARDS. 
We conducted a systematic review and meta ‑analysis on the use of interferon 
beta ‑1a in ARDS by searching 3 electronic databases. The eligible studies 
were critically appraised and assessed with respect to quality of evidence. 
Our review of 2 randomized controlled trials suggests that interferon beta ‑1a 
does not reduce mortality or duration of mechanical ventilation. The subgroup 
analysis of one of the studies stratified by corticosteroid use showed increased 
mortality associated with the use of corticosteroids and interferon beta ‑1a. 
This suggests that careful consideration of drug–drug interactions is required 
when multiple pharmacological therapies are administered.
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Definition of acute respiratory distress syndrome  
If data could support the subgroup analysis by 
the severity of ARDS (degree of hypoxemia), 
we defined ARDS in terms of the Berlin defini‑
tion developed in 2011 (based on an initiative 
of the European Society of Intensive Care Med‑
icine endorsed by the American Thoracic Soci‑
ety and the Society of Critical Care Medicine).15 
It includes 3 mutually exclusive categories of 
ARDS, characterized by the degree of hypox‑
emia: 1) mild (200 <PaO2 / FiO2 ≤300), 2) mod‑
erate (100 < PaO2 / FiO2 ≤200), and 3) severe 
(PaO2 / FiO2 ≤100), and 4 ancillary variables for 
severe ARDS: radiographic severity, respiratory 
system compliance (≤40 ml/cm H2O), positive 
end ‑expiratory pressure (≥10 cm H2O), and cor‑
rected expired volume per minute (≥10 l/min).

RESULTS We found 2 clinical trials that met our 
inclusion criteria.6,16 This was based on identifying 
initially a total of 160 citations: 15 in the MED‑
LINE database, 133 in the EMBASE database, and 
12 in the Cochrane Central Register of Controlled 
Trials. Full texts of 3 studies were screened and 
2 trials were retained for the final systematic re‑
view (for the Preferred Reporting Items for Sys‑
tematic Reviews and Meta ‑Analyses17 flow dia‑
gram, see FIGURE 1).

We conducted the meta ‑analyses using the Re‑
view Manager software, version 5.3 (The Nordic 
Cochrane Centre, The Cochrane Collaboration, 
Copenhagen, Denmark). We assessed heteroge‑
neity by visual inspection of forest plots, a sta‑
tistical test for heterogeneity, and the I2 statis‑
tic (with results >50% considered as significant 
heterogeneity).8,12

We reported 95% CI with the presented esti‑
mates of effect. To estimate the absolute effects 
of the intervention, we sought large RCTs provid‑
ing the best estimates of these outcomes. The con‑
trol event rate was used to estimate the baseline 
risk in computing the absolute effects. To deter‑
mine the absolute effect, we multiplied the base‑
line risk by the relative effect (and 95% CIs). We 
considered assumptions based on the worst ‑case 
scenario: the best ‑case assumption modeling, if 
data loss (attrition) was reported, was deemed to 
have impact on the effect.13

GRADE methods We adopted the Grading of Rec‑
ommendations, Assessment, Development, and 
Evaluation (GRADE) approach to rate the certainty 
of evidence for each outcome and the entire body 
of evidence.14 We sought patient outcomes that we 
judged to be critical and relevant to patients (and 
clinicians) in informed decision making.

FIGURE 1  A flow 
diagram of screening 
conducted based on 
the Preferred Reporting 
Items for Systematic 
Reviews and Meta‑
Analyses (adapted from 
Moher et al17) 
Abbreviations: 
GRADE, Grading 
of Recommendations, 
Assessment, 
Development, 
and Evaluation
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Absolute effects were 215 more deaths per 1000 
affected individuals (from 20 more to 541 more) 
(for the GRADE evidence profile, see TABLE 3).

In contrast, no significant differences in mor‑
tality were reported in the subgroup treated with 
interferon beta ‑1a and not receiving corticoste‑
roids (RR, 0.78; 95% CI, 0.37–1.65; P = 0.51) 
(FIGURE 2B). Absolute effects were 31 fewer deaths 
per 1000 affected individuals (from 89 fewer to 
92 more) (for the GRADE evidence profile, see 
TABLE 3).

90 -day in -hospital mortality One trial16 (includ‑
ing 296 patients) reported on 90 ‑day in ‑hospital 
mortality and showed a nonsignificant differ‑
ence, whereby 47 of 144 patients (32.6%) died in 
the group treated with interferon beta ‑1a com‑
pared with 48 of 152 (31.6%) in the control group 
(RR, 1.03; 95% CI 0.74–1.44; P = 0.85; very low 
certainty) (FIGURE 2C). Absolute effects were 9 more 
deaths per 1000 affected individuals (from 82 
fewer to 139 more) (for the GRADE evidence pro‑
file, see TABLE 3).

180 -day in -hospital mortality Data on 180 ‑day in‑
‑hospital mortality were also available. One trial16 

(including 296 patients) reported on 180 ‑day in‑
‑hospital mortality and demonstrated a nonsignif‑
icant difference, whereby 3 of 37 patients (8.1%) 
died in the group treated with interferon beta‑
‑1a compared with 4 of 59 (6.8%) in the control 
group (RR, 1.2; 95% CI, 0.28–5.04; P = 0.81; very 
low certainty) (FIGURE 2D). Absolute effects were 14 
fewer deaths per 1000 affected individuals (from 
49 fewer to 247 more) (for the GRADE evidence 
profile, see TABLE 3).

Ventilator -free days up to hospitalization day 28 Both 
trials6,16 (including a total of 392 patients) exam‑
ined the number of ventilator ‑free days up to 
hospitalization day 28 and showed a nonsignifi‑
cant increase in the mean number of ventilator‑
‑free days in patients receiving interferon beta ‑1a 
(MD, 4.85 days; 95% CI, –3.24 to 12.93; P = 0.24; 
I2 = 98%; very low certainty) (FIGURE 3). The abso‑
lute difference was 4.85 more ventilator ‑free days 
(from 3.24 days fewer to 6.94 days more) (for 
the GRADE evidence profile, see TABLE 3).

Serious adverse events One trial16 (including 296 
patients) reported on serious adverse events and 
revealed a nonsignificant impact on serious ad‑
verse events, whereby 138 of 144 patients (95.8%) 
had an adverse event in the group treated with 
interferon beta ‑1a compared with 148 of 152 
(97.3%) in the control group (RR, 0.98; 95% CI, 
0.94–1.03; P = 0.47; very low certainty) (FIGURE 4). 
The absolute effects were 19 fewer adverse events 
per 1000 affected individuals (from 58 fewer to 29 
more) (for the GRADE evidence profile, see TABLE 3).

DISCUSSION Our systematic review and meta‑
‑analysis examined the effect of the interferon 
beta ‑1a treatment in patients with ARDS. Since 

Study characteristics The detailed study char‑
acteristics are presented in TABLE 1. The 2 prima‑
ry studies included were multicenter and fund‑
ed by both public and private resources. Sam‑
ple sizes ranged from 96 to 296 (used for analy‑
sis) hospitalized patients, mostly men (>60% in 
both studies), typically over 50 years of age. Pa‑
tients received interferon beta ‑1a versus place‑
bo and interferon beta ‑1a versus no interven‑
tion.6,16 Follow ‑up ranged from 28 to 180 days.6,16 
The main causes of ARDS reported in both tri‑
als were pneumonia, sepsis, and aspiration, in 
that order.

Risk of bias assessment One6 of the  2 tri‑
als (50%) was judged to be at high risk of bias 
(TABLE 2). The loss to follow ‑up was rare and less 
than 5% if occurred. Therefore, worst‑ and best‑
‑case plausible modeling assumptions about 
the outcomes of patients lost to follow ‑up were 
not required. We also decided to develop no fun‑
nel plots or statistical tests for publication bias 
due to the limited interpretability, which is ob‑
served when the number of studies is less than 
10, as in this review.

Outcomes 28 -day in -hospital mortality Two tri‑
als6,16 (including 392 patients) reported on 28‑
‑day in ‑hospital mortality and revealed a non‑
significant difference, whereby 41 of 181 patients 
(22.6%) died in the group treated with interfer‑
on beta ‑1a compared with 54 of 211 (25.6%) in 
the control group (RR, 0.59; 95% CI, 0.13–2.67; 
P = 0.49; I2 = 84%; very low certainty of evidence) 
(FIGURE 2A). The very small number of studies did 
not allow for subgroup analyses based on the se‑
verity of ARDS. Absolute effects were 105 fewer 
deaths per 1000 affected individuals (from 223 
fewer to 427 more) (for the GRADE evidence pro‑
file, see TABLE 3).

Subgroup analysis: 28 -day in -hospital mortality strat-
ified by corticosteroid use Due to the reported 
posthoc analysis on the use of corticosteroids, 
we present the evidence although we did not in‑
tend to conduct an analysis based on noninter‑
vention treatment regimens. One trial16 (includ‑
ing 296 patients) reported on 28 ‑day in ‑hospital 
mortality stratified by corticosteroid use, and 
the subgroup test for interactions was nonsig‑
nificant with P = 0.08. Of note, although Ran‑
ieri et al,16 reporting on 28 ‑day mortality, not‑
ed 38 deaths in the group treated with interfer‑
on beta ‑1a and 35 in the control group, the num‑
ber of deaths stratified by corticosteroid use is 
inconsistent with the primary outcome assess‑
ment with the following implied values for 28‑
‑day mortality: 33 deaths (50% of 44, 28.3% of 
60) in the corticosteroid ‑treated group and 30 
(10.6% of 100, 14.8% of 92) in the control group.

There was a significant increase in the mortal‑
ity risk in the subgroup treated with both corti‑
costeroids and interferon beta ‑1a (RR, 1.76; 95% 
CI, 1.07–2.91; P = 0.03) (FIGURE 2B).
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TABLE 1 Study characteristics

Study Sample sizea Male sex, %; age Inclusion criteria Follow ‑up Treatment intervention arm, dose 
vs treatment control arm, dose

Degree of hypoxemia 
or lung injury

Reported cause 
of ARDS

Notable comorbidities

Bellingan et al,6 
United 
Kingdom, 
multicenter

96; 37; 59 60.4%; treatment 
arm, median 
(IQR), 52 (40–
67) y; control arm, 
median (IQR), 
61 (47–71) y

Age ≥18 y, ARDS with 
bilateral pulmonary infiltrates, 
PaO2 / FiO2 ratio ≤40 (kPa), no 
evidence of elevated left atrial 
pressure, treated with 
assisted ventilation

28 days to 
6 months, 
for 
mortality

A daily intravenous dose of FP‑
‑1201 for 6 days
Control group: no drug 
intervention; patients who met 
the inclusion criteria (but were 
not recruited, most commonly 
because they were diagnosed 
during 1 of the safety windows of 
nonrecruitment [41 patients], 
although, in a smaller number of 
cases, it was related to consent 
issues [eg, decision time 
exceeding the 48 ‑hour window 
for inclusion; 18 patients])

PaO2 / FiO2 (kPa), median 
(IQR): 19 (14–24) in 
the treatment group vs 
19 (13–25) in the control 
group

Pneumonia, sepsis, 
aspiration, surgery, 
pancreatitis, HIV, 
other

Unclear

Ranieri et al,16 
international, 
multicenter

301 randomized 
(5% of 
randomized 
patients did not 
receive 
intervention as 
randomized); 
144 in 
the primary 
analysis; 152 in 
the primary 
analysis

65.2%; treatment 
arm, mean (SD), 
58 (17) y; placebo 
arm, mean (SD), 
58 (14) y

Age >18 y, intubated and 
mechanically ventilated, with 
moderate or severe ARDS 
according to the Berlin 
definition
The radiological and 
PaO2 / FiO2 criteria had to be 
met within a 24 ‑hour period, 
and administration of the first 
dose of the study drug had to 
occur within 48 hrs after 
the diagnosis of ARDS.

28 days 
for primary 
endpoints; 
otherwise, 
to 180 
days

Patients received either 
intravenous 10 ‑μg interferon 
beta ‑1a or placebo once daily for 
6 days. The placebo consisted of 
the same excipients as 
the intervention drug, except 
interferon beta ‑1a. Administration 
of the first dose had to take place 
within 48 hrs after the diagnosis 
of ARDS.

Treatment group: 28 patients 
with severe ARDS, 116 with 
moderate ARDS
Placebo group: 35 patients 
with severe ARDS, 117 with 
moderate ARDSb

Tidal volume, median (IQR): 
417 (372–470) ml in 
the treatment group vs 423 
(380–472) ml in the placebo 
group
Inspiratory pressure, mean 
(SD): 29.9 (6.8) cm H2O in 
the treatment group vs 31.1 
(7.6) in the placebo group

Pneumonia, sepsis, 
aspiration, acute 
pancreatitis, 
trauma / burns, 
multiple 
transfusions, other

Patients received support 
at randomization, including 
corticosteroids, vasopressor 
support, neuromuscular 
blocking agents, renal 
replacement therapy, prone 
positioning
Note: interpreting 
the results, it should be 
considered that 
corticosteroids may have 
an impact on the biological 
effect of interferon beta ‑1a.

a Data are presented as total number of study patients; number of patients in the intervention arm; number of patients in the control arm.

b Severe ARDS was defined as PaO2 / FiO2 <100 (mm Hg) (<13.3 [kPa]) with PEEP >5 cm H2O, and moderate ARDS as PaO2 / FiO2 >100 (mm Hg) (>13.3 [kPa]) and <200 (mm Hg) (<26.6 [kPa]) with PEEP >5 cm H2O

Abbreviations: ARDS, acute respiratory distress syndrome; FP ‑1201, interferon beta ‑1a; FiO2, fraction of inspired oxygen; HIV, human immunodeficiency virus; PaO2, partial oxygen pressure; PEEP, positive end ‑expiratory pressure
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there were 2 small studies examining this issue, 
we pooled the studies to increase power and de‑
tect a difference in the effects. The review showed 
no significant differences in mortality (at 28, 90, 
or 180 days) or the number of ventilator ‑free days. 
Similarly, there were no differences in serious ad‑
verse effects. For 28 ‑day mortality, no significant 
subgroup interaction was noted in patients re‑
ceiving corticosteroids versus those treatment‑
‑naive, but a significant increase in mortality was 
observed in patients receiving corticosteroids 
and interferon beta ‑1a. Although the subgroup 
interactions were nonsignificant with P = 0.08, 
it may be relevant to relay the possible subgroup 
interactions given the small number of patients 
and more common use of corticosteroids in 
ARDS. However, due to suboptimal outcome re‑
porting noted in the primary outcome analysis, 
with the posthoc mortality counts not match‑
ing the totals, we urge caution in the interpreta‑
tion of the results stratified by corticosteroid use. 
Overall, the outcomes were downgraded to very 
low certainty of evidence using the GRADE ap‑
proach, and the certainty of evidence was prin‑
cipally downgraded due to an increased risk of 
bias, a low number of studies, small sample siz‑
es, imprecision, and heterogeneity.

We had very low confidence in the absolute risk 
decrease estimate of 10.5% fewer deaths (regard‑
ing 28 ‑day mortality) per 100 adult patients with 
ARDS treated with interferon beta‑1a (FIGURE 2A 
and TABLE 3). Furthermore, the studies included in 
the review reported evidence of a very low cer‑
tainty that the number of ventilator ‑free days in 
this population was increased by approximately 
4.8 days on average (FIGURE 3 and TABLE 3). In addi‑
tion, we found low ‑certainty evidence on the ab‑
solute risk decrease estimate of 1.5% of fewer ad‑
verse events per 100 patients treated with inter‑
feron beta ‑1a (FIGURE 4 and TABLE 3). The random‑
ization was not clearly reported, which impact‑
ed our risk of bias assessment.

Our study had several strengths. First, we 
developed explicit eligibility criteria based on 
the characteristics of patients with ARDS and 
conducted a comprehensive search using 3 elec‑
tronic databases. Moreover, we assessed the eli‑
gibility of uncovered studies and the risk of bias 
in duplicate and independently to address the rel‑
evant outcomes. We also conducted 1 plausible 
subgroup test regarding the corticosteroid use.

Although infectious conditions such as pneu‑
monia and sepsis can precipitate ARDS, nonin‑
fectious etiologies such as acute pancreatitis and 
drug reactions are also possible.1,18 Acute respira‑
tory distress syndrome leads to a rapidly progres‑
sive inflammatory pulmonary process in the acute 
exudative phase and, subsequently, to diffuse al‑
veolar damage, damage to the endothelial hyaline 
membranes, and fibrin deposition, which is likely 
regulated by inflammatory mediators.18 As inter‑
feron beta ‑1a increases CD73 and extracellular ad‑
enosine levels, it is postulated to reduce capillary 
permeability, a mechanistic target for ARDS.19,20TA
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Interestingly, the combination of corticoste‑
roids and interferon beta ‑1a was reported to 
increase mortality in patients with ARDS, and 
interferon beta ‑1a administered without corti‑
costeroids was associated with no significant 
differences in mortality. However, a recently 
published, large, prospective RCT on the use of 

In a promising, initial, prospective, open ‑label 
study, interferon beta ‑1a appeared to reduce mor‑
tality.16 These positive results prompted a large, 
prospective, randomized, comparative study on 
the effectiveness of interferon beta ‑1a compared 
with placebo, which showed no significant differ‑
ences in the primary mortality outcomes.6

FIGURE 2 A – effect of interferon beta‑1a on 28‑day mortality; B – effect of interferon beta‑1a and corticosteroids on 28‑day mortality; C – effect of 
interferon beta‑1a on 90‑day mortality; D – effect of interferon beta‑1a on 180‑day mortality

Bellingan, 2014 3 37 19 59 43.8 0.25 (0.08, 0.79)
Ranieri, 2020 38 144 35 152 56.2 1.15 (0.77, 1.71)

Total (95% Cl)  181  211 100 0.59 (0.13, 2.67)
Total events 41 54
Heterogeneity: Τ2 = 1.01; χ2 = 6.28; df = 1 (P = 0.01); l2 = 84%
Test for overall effect: Z = 0.68 (P = 0.49)

Control                                     Risk ratio                                           Risk ratio
 Study or subgroup       Events   Total         Events   Total   Weight, %   M–H, Random, 95% Cl                      M–H, Random, 95% Cl

0.002 0.1 1 10 500

Intravenous
interferon beta-1a

Favors (interferon beta-1a) Favors (control)

With corticosteroids
Ranieri, 2020 22 44 17 60 55.9 1.76 (1.07, 2.91)

Subtotal (95% Cl)  44  60 55.9 1.76 (1.07, 2.91)
Total events 22 17
Heterogeneity: not applicable
Test for overall effect: Z = 2.23 (P = 0.03)

Without corticosteroids
Ranieri, 2020 11 100 13 92 44.1 0.78 (0.37, 1.65)

Subtotal (95% Cl)  100  92 44.1 0.78 (0.37, 1.65)
Total events 11 13
Heterogeneity: not applicable
Test for overall effect: Z = 0.65 (P = 0.51)

Total (95% Cl)  144  152 100 1.23 (0.55, 2.76)
Total events 33 30
Heterogeneity: Τ2 = 0.24; χ2 = 3.26; df = 1 (P = 0.07); l2 = 69%
Test for overall effect: Z = 0.50 (P = 0.61)
Test for subgroup differences: χ2 = 3.16; df = 1 (P = 0.08); l2 = 68.4% 

Control                                     Risk ratio                                           Risk ratio
 Study or subgroup       Events   Total         Events   Total   Weight, %   M–H, Random, 95% Cl                      M–H, Random, 95% Cl

0.01 0.1 1 10 100

Favors (experimental)             Favors (control)

Intravenous
interferon beta-1a

Ranieri, 2020 47 144 48 152 100 1.03 (0.74, 1.44)

Total (95% Cl)  144  152 100 1.03 (0.74, 1.44)
Total events 47 48
Heterogeneity: not applicable
Test for overall effect: Z = 0.20 (P = 0.85)

Control                                     Risk ratio                                           Risk ratio
 Study or subgroup       Events   Total         Events   Total   Weight, %   M–H, Random, 95% Cl                      M–H, Random, 95% Cl

0.01 0.1 1 10 100

Favors (experimental)            Favors (control)

Intravenous
interferon beta-1a

Bellingan, 2014 3 37 4 59 100 1.20 (0.28, 5.04)

Total (95% Cl)  37  59 100 1.20 (0.28, 5.04)
Total events 3 4
Heterogeneity: not applicable
Test for overall effect: Z = 0.24 (P = 0.81)

Control                                     Risk ratio                                           Risk ratio
 Study or subgroup       Events   Total         Events   Total   Weight, %   M–H, Random, 95% Cl                      M–H, Random, 95% Cl

0.01 0.1 1 10 100
Favors (intravenous 
interferon beta-1a)

Intravenous
interferon beta-1a

Favors (control)
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294 TABLE 3 Evidence profile of the included studies, based on the Grading of Recommendations, Assessment, Development, and Evaluation approach

Certainty assessment Patients, n (%) Effect Certainty Importance

Studies, n Study design Risk of bias Inconsistency Indirectness Imprecision Other 
considerations

Interferon 
beta ‑1a

Control / placebo Relative 
(95% CI)

Absolute (95% CI)

28 ‑day in ‑hospital mortality (follow ‑up, 28 days)

2 Randomized 
trial

Seriousa Seriousb Not serious Seriousc None 41/181 
(22.7)

54/211 (25.6) RR, 0.59 
(0.13–2.67)

105 fewer deaths per 1000 
individuals (range, from 223 
fewer to 427 more)

Very low Critical

Serious adverse events (follow ‑up, 28 days)

1 Randomized 
trial

Seriousf Not serious Not serious Seriouse None 138/144 
(95.8)

148/152 (97.4) RR, 0.98 
(0.94–1.03)

19 fewer adverse events per 
1000 individuals (range, from 
58 fewer to 29 more)

Low Critical

Ventilator ‑free days to hospitalization day 28 (follow ‑up, 28 days)

2 Randomized 
trial

Seriousa Seriousg Not serious Serioush None 181 211 – MD, 4.85 days more (range, 
3.24 fewer to 12.93 more)

Very low Critical

90 ‑day mortality in patients treated with corticosteroids (follow ‑up, median, 90 days)

1 Randomized 
trial

Not serious Not serious Not serious Seriouse None 47/144 
(32.6)

48/152 (31.6) RR, 1.03 
(0.74–1.44)

9 deaths more per 1000 
individuals (from 82 fewer to 
139 more)

Moderate Critical

180 ‑day mortality in patients treated with corticosteroids (follow ‑up, median, 180 days)

1 Randomized 
trial

Seriousi Not serious Not serious Seriousd None 3/37 (8.1) 4/59 (6.8) RR, 1.2 
(0.28–5.04)

14 deaths more per 1000 
individuals (from 49 fewer to 
274 more)

Low Critical

a Very unclear reporting on randomization, particularly regarding the control group. In the study by Ranieri et al,16 corticosteroids may have had an impact on the biological effect of interferon beta ‑1a, as patients were also given 
corticosteroids.

b A significant P = 0.01 as per the Cochran’s Q χ2 test, I2 =84%

c A small number of events and studies, 95% CI crossing benefits and harms

d Optimal information amount not provided

e Optimal information amount provided only in 1 study; very wide 95% CI (benefits and harms)

f Regarding the interpretation of results, corticosteroids may have had an impact on the biological effect of interferon beta ‑1a.

g Heterogeneity: P <0.0001, I2 =98%

h Optimal information amount provided; very wide 95% CI (benefits and harms); a small number of studies

i Unclear reporting on randomization, particularly regarding the control group

Abbreviations: MD, mean difference; RR, risk ratio
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Our study also had several limitations. For 
pragmatic reasons, we could not search the grey 
literature or conference abstracts, and thus we 
may have omitted some possibly eligible studies. 
Furthermore, we noted significant statistical het‑
erogeneity in the pooled estimates of mortality 
and ventilator ‑free days.

Conclusions The use of interferon beta ‑1a ap‑
pears to cause no significant improvement in mor‑
tality nor reduction in the number of ventilator‑
‑free days in patients with ARDS. The clinical het‑
erogeneity of ARDS pathogenesis requires ur‑
gent research. Increased mortality associated 
with the concomitant use of interferon beta ‑1a 
and corticosteroids imply an antagonistic inter‑
action between the 2 agents, since both are in‑
volved in various immunological pathways, which 
may converge. The interplay between interferon 
beta ‑1a and corticosteroids may drive diverging 
effects that negate the putative benefits of each 
individual drug in ARDS. Suitably powered and 
methodologically strong clinical studies on large 
patient samples with sufficiently long follow ‑up 
are needed in patients with ARDS treated with 
interferon beta ‑1a.
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corticosteroids in ARDS suggested an association 
between decreased mortality and corticosteroid 
use.21 These results imply a drug–drug interac‑
tion between the 2 agents, since both partici‑
pate in various immunological pathways, which 
may converge.22 The drug–drug interaction be‑
tween interferon beta ‑1a and corticosteroids may 
lead to diverging effects. It should be discerned 
whether this observation negates the putative 
benefits of each drug in ARDS or results in a sig‑
nificant synergy in immunosuppression, which 
intensifies infection and causes death.

The  emerging evidence from a  trial16 on 
the use of interferon beta ‑1a raises numerous 
questions and does not clarify the evidence 
landscape for treating patients with ARDS. 
This may be a result of a small study sample 
size with a relatively small number of adverse 
events. Moreover, the recent outbreak of coro‑
navirus disease 2019 (COVID ‑19) in Wuhan, 
China, which has spread across the globe, caus‑
ing acute lung injury and ARDS, invokes inter‑
est in treatment options for ARDS and specu‑
lation regarding the possible treatment of pa‑
tients with severe COVID ‑19.23

Corticosteroid use in ARDS appears to reduce 
mortality and duration of mechanical ventilation, 
while increasing the number of ventilator ‑free 
days.3 Apart from that, there are other promis‑
ing treatments for ARDS. Researchers are inves‑
tigating statins, beta ‑agonists, neuromuscular 
blocking agents, and surfactants.2

This review suggested that interferon beta‑
‑1a is not a treatment candidate for ARDS due 
to the limited evidence on its effectiveness in 
ARDS. There is no evidence of benefit related to 
the use of interferon beta ‑1a, and we have very 
low confidence in our pooled estimates of effect.

FIGURE 3  Effect of corticosteroids on the number of ventilator ‑free days up to 28 days

FIGURE 4  Effect of interferon beta ‑1a on adverse events

Bellingan, 2014 9 4,75 37 0 4.25 59 49.3 9.00 (7.12, 10,88)
Ranieri, 2020 10 3.33 144 8.5 3.33 152 50.7 1.50 (0.74, 2.26)

Total (95% Cl)  181  211 100 5.20 (–2.15, 12.55)
Heterogeneity: Τ2 = 27.59; χ2 = 52.77; df = 1 (P <0.00001); I2 = 98%
Test for overall effect: Z = 1.39 (P = 0.17)

    Control                                  Mean difference                             Mean difference
 Study or subgroup    Mean   SD    Total       Mean   SD   Total     Weight, %    IV, Random, 95% Cl                        IV, Random, 95% Cl

–20 –10 0 10 20
Favors (intravenous 
interferon beta-1a)

Intravenous
interferon beta-1a

Favors (control)

Ranieri, 2020 138 144 148 152 100 0.98 (0.94, 1.03)

Total (95% Cl)  144  152 100 0.98 (0.94, 1.03)
Total events 138 148
Heterogeneity: not applicable
Test for overall effect: Z = 0.73 (P = 0.47)

Control                                     Risk ratio                                           Risk ratio
 Study or subgroup       Events   Total         Events   Total   Weight, %   M–H, Random, 95% Cl                      M–H, Random, 95% Cl

0.85 0.9 1 1.1 1.2
Favors (intravenous 
interferon beta-1a)

Intravenous
interferon beta-1a

Favors (control)
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