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Methods

The trial was conducted in accordance with the principles of the Good Clinical Practice guidelines of
the International Conference on Harmonisation and received approval from the United Kingdom
Medicines and Healthcare Products Regulatory Agency, the NHS Health Research Authority, and
East Midlands—Nottingham 2 Research Ethics Committee.

The initial version of the manuscript was drafted by the first and last authors, developed by the
writing committee and approved by all members of the Trial Steering Committee and the Data
Monitoring Committee. The funders had no role in the analysis of the data, the preparation or
approval of the manuscript, or the decision to submit the manuscript for publication. The members
of the writing committee vouch for the completeness and accuracy of the data and for the fidelity of
the trial to the protocol and statistical analysis plan.

Supplementary Statistical Methods

The enrolling center was treated as a random effect in the models, and all other factors as fixed
effects. Since models only adjusted for minimization factors required at randomization, covariates in
the regression analyses had no missing data. Both crude and adjusted effect estimates are
presented, with primary inference based on the adjusted estimate. Demographic and clinical data
are presented as counts and percentages for categorical variables, means and standard deviations
for normally distributed continuous variables and medians and interquartile ranges for other
continuous variables.



A secondary analysis on the primary outcome and its components excluded infants who received
open-label medical treatment up to 36 weeks or discharge (if sooner) without meeting pre-specified
criteria. A pre-specified subgroup analysis on necrotizing enterocolitis was conducted by the size of
the PDA.

Details of sample size and power calculation

Evidence from the TIPP trial suggests that the risk of death or bronchopulmonary dysplasia (BPD) in
extremely low birth weight babies at 36 weeks postmenstrual age allocated placebo is 52% (95% Cl,
48 to 56)' 2. However, this trial investigated the effect of prophylactic treatment and included all
babies weighing 500 — 999 g. More recent information using data derived from the latest report of
Neonatal Survey Database from the Trent region® provides an approximate rate of death by or BPD
at 36 weeks postmenstrual age of 53% for all babies admitted to the neonatal unit. These babies
would have been treated according to clinical judgement and therefore a proportion of them would
have been treated with ibuprofen. Given that the risk of death or BPD in babies with an
echocardiographically confirmed large patent ductus arteriosus (PDA) is inherently higher, it is
estimated that the risk in this group is 60%.

Su et al. (2008)* compared ibuprofen to indomethacin in babies <28 weeks’ gestation having a PDA
who were less than 24 hours old. The combined outcome of death within 30 days or BPD at
36 weeks postmenstrual age was observed to be 42% (95% Cl, 29 to 55).

It is therefore expected, given that babies will be enrolled up to 72 h after birth, that the treatment
group incidence of death or BPD at 36 weeks postmenstrual age will be approximately 48% in the
intervention arm. This would imply an absolute risk reduction of 12% (60 to 48) in the primary
outcome of the trial for babies randomised to treatment compared to placebo, which is considered a
clinically important difference.

Details of primary outcome model

Mixed effects Poisson regression model with a robust variance estimator was used, as a log
binomial regression model failed to converge. The mode was adjusted for minimization factors at
randomisation (PDA size; gestational age at birth; age; sex; multiple birth; mode of respiratory
support; receiving inotropes) as fixed effects, and trial site and multiple cluster (i.e. an identifier
used to link siblings from multiple births) as random effects.

The mathematical form of the model for the primary outcome is:

log(u ): 0+ 1X 1 + 2X 2 + 3X 3 + 4X 4 + 5X 5 +
X6 T X7
+ gX g +u i +

for site k, multiple cluster j, and patient i.

The variables included in the model are described in Table S7.



Figures

Figure S1: Oxygen reduction test flow chart

Oxygen reduction test

Onily perform the cxygen reduction test if baby has received corygen andfor respiratory support for 2 28 days and the following:
i. the baby is not receiving mechanical ventilation (iImvasive and non invasive), CPAP, or high flow ooyrgen therapy
ii.  Fiy = 0.3, or low flow oxygen < 1.1 Limin to maintain sahrafions of =01%
iii. In previous 24 hours, baby has not required respiratory support

Has the baby received
oxygen and / or respiratory
support 2 28 days?

Is the baby sfill in cxygen?

No Bronchopulmonary Dysplasia

- Do not proceed with the test

Complete sections A, B, Cand E

FiD, = 0.2, or low flow oxygen
AND

¥

Are their requiremenits:

< 1.1 Limin,

- Mot receiving any respiratory support

F————— -4- —_————

1 L

Mo Mo
o - i Oxygen reduction test
Mﬂ 1
~ = i L ! Reduce oxygen gradually fo minimum level to be
Mild BPD Severe BPD able o maintain saturations for 2 81% for at least
10 minutes
¥ r
| ¥ 1
Do not proceed with the test Do not proceed with the test | | . ]
. . Baby in 22 - 20% axyger Baby is in air
Complete sections Complete sections or 0.01 - 1.0 Linmin .
A B CandE A B CandE Moderate BPD Mild BPD

FiO, denotes the fraction of inspired oxygen and CPAP continuous positive airway pressure.
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Figure S2: Model diagnostics for the fitted robust Poisson regression model for the
primary outcome

The following model diagnostics were assessed for the robust Poisson regression model for the
primary outcome:

e A plot of deviance residuals for each allocation to assess the distribution of residuals (Figure
S2a), respecting the response distribution assumption for the Poisson model.

e A plot of deviance residuals vs fitted values to assess linearity between the transformed
expectation of Y and the predictors x;, ..., x; (Figure S2b). No trend was seen respecting the
linearity assumption in the Poisson regression.

o Normality of deviance residuals was assessed and the pattern, respecting the response
distribution assumption for the Poisson model (Figure S2c).

e In general, individual plots of the deviance residuals versus independent variables in the
model suggested no trend, as illustrated using the Locally Weighted Scatterplot Smoothing
(LOWESS) curves (Figure S2d).

Figure S2a: Residuals by allocation Figure S2b: Residuals against fitted values
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Figure S2d: Residuals versus independent variables
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Figure S3: Forest plot of moderate/severe BPD at 36 weeks’ subgroup analysis

Note: The mode of respiratory support has been collapsed into fewer subgroups than pre-specified due
to the low number of patients in some subgroups.

Moderate or Severe BPD at 36 weeks' postmenstrual age

Ibuprofen Placebo RR (95% CI)
Gestational age at birth (weeks)
23 to 2346 1718 (84.4%) 21/21 (100%) ' 0.95 (0.86, 1.04)
24 to 24+6 41/47 (87.2%) 38/45 (84.4%) 1.04 (0.92, 1.19)
25 to 25+6 35/53 (66.0%) A40/59 (67.8%) ' 0.98 (0.75, 1.28)
26 to 26+6 34/59 (57.6%) 30/61 (49.2%) ——i—.— 1.19 (0.78, 1.80)
27 to 27+6 31/56 (55.4%) 20052 (38.5%) ——:—H 1.37 (0.90, 2.09)
26 to 29+6 18/41 (43.9%) 20/47 (42.6%) |'.I 1.06 (0.65, 1.72)
1
:
Size of PDA at randomization H
1.5 mm to < 2.0 mm 4368 (63.2%) 40/71 (56.3%) — . 1,12 (0.88, 1.43)
2.0mmto<3.0mm 109/174 (B2.6%) 109/180 (60.6%) —-I— 1.04 (0.88, 1.21)
3.0 mm or greatar 24/32 (75.0%) 20/34 (58.8%) — - 1.24 (0.92, 1.69)
1
i
Mode of respiratory support at randomization H
Invasive ventilation 124/165 (75.2%) 1271174 (73.0%) —-i- 1.02 (0.92, 1.14)
Non-invasive or no support  52/109 (47.7%) 420111 (37.8%) —:—.— 1.28 (0.89, 1.84)
1
Overall 176/274 (64.2%) 169/285 (59.3%) q 1.09 (0.96, 1.23)
0:5 ll.:i"5 1 1:5 é

Favours Ibuprofen  Favours Placebo

Risk ratios (RR) and 95% confidence intervals (Cl) were obtained from an interaction term between treatment assignment and the subgroup characteristic of
interest, in a log binomial model adjusted for the size of the PDA at randomization, gestational age at birth, age at randomization, sex, multiple birth, mode
of respiratory support at randomization, receiving inotropes at time of randomization, and center as a random effect, and clustered by siblings to account
for correlation between multiple births.

No adjustments for multiplicity of testing have been applied and therefore interpretation of the confidence intervals should not be used to assess treatment
effect.
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Figure S4: Forest plot of death by 36 weeks’ subgroup analysis
Note: Subgroups have been collapsed into fewer groups than pre-specified due to the low

numbers of patients in some groups.

Death by 36 weeks' postmenstrual age

Ibuprofen Placebo RR (95% CI)

Gestational age at birth (weeks)
23 to 2546 341165 (21.9%) 25150 (16.7%) — 1.32(0.82, 2.11)

26 to 29+6 10/168 (6.0%) 8171 (4.7%)

1.26 (0.59, 2.68)

Size of PDA at randomization
1.5 mm to < 2.0 mm 15/84 (17.9%)  10/82 (12.2%) — 1.56 (0.84, 2.91)

2.0 mm or greater 29/239 (12.1%)  23/239 (9.6%) — 1.23 (0.80, 1.90)

Mode of respiratory support at randomization

Invasive ventilation 40/206 (19.4%) 28/203 (13.8%) 1.43(1.01, 2.01)
MNan-invasive ar no support  4/117 (3.4%) 5118 (4.2%) . 0.78(0.28, 2.38)
Overall 44323 (13.6%) 33/321 (10.3%) -] 1.32 (0.92, 1.90)

JIEiE

0.5 0.75 1 1.5 2
Favours Ibuprofen  Favours Placebo

RR denotes risk ration and Cl confidence intervals. Risk ratios and 95% C| were obtained from an interaction term between treatment assignment and
subgroup characteristic of interest, in a log binomial model adjusted for size of PDA at randomization, gestational age at birth, age at randomization, sex,
multiple birth, mode of respiratory support at randomization, receiving inotropes at time of randomization, and center as a random effect, and clustered by
siblings to account for correlation between multiple births. No adjustments for multiplicity of testing have been applied and therefore interpretation of the
confidence intervals should not be used to assess treatment effect.

Figure S5: Time from randomization to open-label treatment

Time from randomization to open-label treatment
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Tables

Table S1: Inclusion and Exclusion Criteria

Inclusion Criteria

Exclusion Criteria

Babies will be considered eligible for inclusion
into the trial if they are:

e Born at 23*°-28*% weeks’ gestation

e Lessthan72hold

e Confirmed by echocardiography to
have a large PDA which is at least
1.5 mm in diameter (determined by
gain optimised colour Doppler),

And

e has unrestrictive pulsatile (left to right)
flow (ratio of flow velocity in PDA
Maximum (Vmax) to Minimum
(Vmin) > 2:1)) or, growing flow pattern
(< 30% right to left), and no clinical
concerns of pulmonary hypertension

In addition:

e The responsible clinician is uncertain
about whether the baby might benefit
from treatment to close the PDA

e Written informed consent is obtained
from the parent(s)

Babies will be excluded from participation in
the trial if they have:
e No realistic prospect of survival
e Severe congenital anomaly
e Clinical or echocardiography suspicion
of congenital structural heart disease
that contraindicates treatment with
ibuprofen
e Other conditions that would
contraindicate the use of ibuprofen
(active bleeding especially intracranial
or gastrointestinal bleeding,
coagulopathy, thrombocytopenia
(platelet count < 50,000), renal failure,
life threatening infection, pulmonary
hypertension, known or suspected
necrotising enterocolitis (NEC))
e Indomethacin, ibuprofen, or
paracetamol administration after birth

Table S2: Trial intervention

Timing of intervention Interventional medicinal Placebo - 0.9% Sodium

product — Ibuprofen Chloride
(5mg/ml solution)

I** dose 10 mg/kg (2 ml/kg) 2 ml/kg

2" dose 5 mg/kg (1 mi/kg) 1 ml/kg

(after 24 hours of 1% dose)

3 dose 5 mg/kg (1 ml/kg) 1 ml/kg

(after 24 hours of 2" dose)

Doses were calculated based on birth weight and administered as a short infusion over 15 minutes,
diluted to the appropriate volume with dextrose or saline. The first dose is administered soon after

randomization and within 72 hours of birth.
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Table S3: Criteria for open-label medical or surgical treatment after enroliment

Clinical Criteria

Echocardiography Criteria

Signs of cardiac failure

Inability to wean on ventilator (ventilated for | Presence of a large PDA with a ductal dimension of >

at least 7 days continuously) and any of the 2.0 mm
following:
- AND
Inability to wean oxygen; or
Persistent hypotension; or Unrestrictive pulsatile left to right flow in PDA
Pulmonary hemorrhage; or

AND

Presence of a hyperdynamic circulation OR ductal
steal

Table S4: Severity-Based

Criteria for BPD

Severity-Based Diagnostic Criteria for BPD

Time point of assessment:

36 weeks of postmenstrual age

Therapy with oxygen >21%

and/or respiratory support for > 28 days and the following:

Mild BPD;

Baby is breathing room air

Moderate BPD;

Baby is in 22—29% oxygen, or 0.01-1.0 L/min

Severe BPD;

FiO, > 0.3, or low flow oxygen = 1.1 L/min, or the baby is receiving
any respiratory support (ventilation, CPAP, or high flow oxygen

therapy) to achieve oxygen saturation > 91%

FiO, denotes the fraction of inspired oxygen and CPAP continuous positive airway pressure.

The need for oxygen is subjective and hence oxygen dependency will be confirmed using an ‘oxygen

reduction test’. This is based

on the threshold at which the baby is able to maintain oxygen

saturations 2 91% whilst breathing in air or at a given minimum FiO,. Babies unable to achieve this

will be considered to be oxygen dependent. This test will only apply to those babies whose oxygen
requirements are < 0.3, or low flow oxygen < 1.1 L/min, and who have not received any additional
respiratory support in the previous 24 hours. Babies outside of this will not be tested, but their

oxygen requirements will be

collected.
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Table S5: Primary and Secondary Outcomes

Due to the multiple number of short-term outcomes and the absence of correction for multiple

testing, statistical inference is restricted to a predefined list of tested outcomes. Summary data by
trial arm is provided for all other outcomes, but statistical tests or the calculation of confidence
intervals are not performed. Secondary outcomes are divided into short- and long-term outcomes.
Note that outcomes listed appear in a different order than as described in the Study Protocol.

Tested outcomes

Primary outcome

A composite of death by 36 weeks of postmenstrual age, or moderate or severe BPD

at 36 weeks of postmenstrual age (see Table S4).

Secondary outcomes

Short term outcomes:

Death by 36 weeks of postmenstrual age

Moderate or severe BPD at 36 weeks of postmenstrual age (see Table S4)

Incidence or duration of the following up to discharge:

Severe intraventricular hemorrhage (IVH) (grade Ill/1V with ventricular dilatation or
intraparenchymal abnormality)

Cystic periventricular leukomalacia (PVL)

Babies treated for retinopathy of prematurity (ROP)

Significant pulmonary hemorrhage (fresh blood in endotracheal tube with increase in
respiratory support)

Treated for pulmonary hypertension with pulmonary vasodilator

NEC definitive and/or complicated (Bell stage Il and above) confirmed by radiology
and/or histopathology

Closed or non-significant PDA (<1.5 mm) at around 3 weeks of age (range of 18 — 24
days), confirmed by ECHO

PDA > 1.5 mm at around 3 weeks’ (range of 18 — 24 days)

Open-label treatment of a symptomatic PDA by surgical treatment

Discharge home on oxygen

Weight gain: a change in z score between birth and discharge (or death if sooner)

Long Term Outcomes assessed at 24 months of age corrected for prematurity”:

Survival without moderate or severe neurodevelopmental impairment (main long-term

outcome)

14




Death

Moderate or severe neurodevelopmental impairment in survivors

Survival without respiratory morbidity (defined as any 2 or more of need for oxygen or
respiratory support; presence of a persistent cough and/ or wheeze; need for regular
treatment for respiratory illness; 4 or more unscheduled attendances at hospital/ GP for

respiratory problems; 1 or more readmission to hospital for respiratory problems)

Duration of oxygen supplementation from randomization

Untested outcomes (described only)

Secondary outcomes

Short term outcomes:

Severity of BPD at 36 weeks of postmenstrual age (see Table S4)

Incidence or duration of the following up to discharge:

Non-cystic PVL

Hydrocephalus

NEC requiring surgery

Gastrointestinal bleeding (leading to investigation or clinical treatment) within 7 days
of the first dose of trial drug administration

Spontaneous intestinal perforation

Medical open-label treatment of a symptomatic PDA with a COX inhibitor
Administration and duration of inotropic support

Total duration of respiratory support

Invasive ventilation through an endotracheal tube

Non-invasive support through, nasal CPAP, nasal ventilation, humidified high flow nasal
cannula therapy, or low flow oxygen > 1.1L/min

Duration of initial hospitalization (birth to discharge home)

Postnatal steroid use for chronic lung disease

Tolerance of ibuprofen treatment within the foreseeable SAE reporting range,
described in the protocol, section 9.1.4

Head circumference: a change in head size z score between randomization and

discharge (or death if sooner)

Long Term Outcomes assessed at 24 months of age corrected for prematurity”:

Individual components of respiratory morbidity, in survivors, as follows:
e Need for oxygen or respiratory support
e Presence of a persistent cough and/ or wheeze

15




e Need for regular treatment for respiratory illness
e 4 or more unscheduled attendances at hospital/ GP for respiratory problems
e 1 or more readmissions to hospital for respiratory problems

A cost-effectiveness analysis will be conducted of deaths and BPD events avoided and

national health services used up to 2 years of age corrected for prematurity*

*To be reported in separate manuscript
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Table S6: Trial Assessments

Procedure Baby Hospitalization
Screening®  Trial Entry and Up to 7 days 3 weeks 36 weeks Discharge

Treatment after trial of Age of PMA?
(days 1-3) medication

Demography? 4 4

Echocardiogram/Colour v v

Doppler*

Confirmation of v

Eligibility

Consent 4

Randomization® v

Ibuprofen or Placebo v

Dosing®

IVH o: PVL ultrasound v v

scans

NEC 4

Oxygen Reduction Test v

SAEs’ 4 4

Concomitant v v v v v

Medication®

SAE denotes serious adverse event.

1 Screening assessments to be completed sufficiently in advance to enable randomization and dosing within 72 hours of
birth. If consent cannot be obtained before echocardiographic evaluation for eligibility, echocardiographic assessment
should continue and consent obtained when possible if a baby is deemed eligible.

2 If a baby transfers from the recruiting site to a continuing care site for on-going care details of any scan were considered
helpful.

3 Demography and medications will be assessed through the Parent Report of Children's Abilities-Revised (PARCA-R) and
other questionnaires.

4 An echocardiogram scan will be performed when the baby reaches around 3 weeks of age (range of 18 — 24 days) or at
hospital discharge if discharged earlier.

5 Randomization to be completed sufficiently in advance to enable dosing within 72 hours of birth.

8 Initial trial drug administrations to be given soon after randomization, after 6 hours of age and within 72 hours of birth.
Subsequent doses to be administered 24 hours after the initial dose.

7 Only adverse events which are serious will be recorded from first dose until 7 days after trial medication. Only
unforeseeable SAEs will be reported.

8 Concomitant medications to be recorded only in relation to unforeseeable SAEs. In the event of an unforeseeable SAE all
concomitant medication, including medication given to the baby’s mother, 7 days prior to the onset of the event to the

time of its resolution must be recorded on the SAE form.
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Table S7: Independent variables included in the primary outcome model

Variable

Effect type

Functional form

Randomized allocation

Fixed effect

Binary:
Placebo: x; =0
Ibuprofen: x; =1

Size of PDA at
randomization

Fixed effect

Categorical:
15mmto<2.0mm:x,; =0
20mmto<3.0mm:x, =1
23.0mm:x,; =2

Gestational age at birth

Fixed effect

Categorical:

23 to 23*® weeks: x3 =0
24 to 24*® weeks: x3 =1
25 to 25 weeks: x3 =2
26 to 26" weeks: x3 =3
27 to 27*® weeks: x3 = 4
28 to 28" weeks: x3 =5

Age at randomization

Fixed effect

Categorical:

<12 hours: x4=0

12to <24 hours: x4 =1
24 to <48 hours: x, =2
48to <72 hours:x, =3

Sex

Fixed effect

Binary:
Female: x; =0
Male: x5 =1

Multiple birth

Fixed effect

Binary:
Singleton: x; =0
Multiple: xg =1

Mode of respiratory
support at randomization

Fixed effect

Categorical:

Invasive ventilation: x; =0

Non-invasive respiratory support: x, = 1
Receiving no mechanical ventilation, or
pressure support: x, =2

Receiving inotropes at
randomization

Fixed effect

Binary:
No: x8 =0
Yes: xg =1

Trial site

Random intercept

Categorical: one level per site k, u;

Multiple cluster ID

Random intercept

Categorical: Infants each assigned an
identifier according to their family j, i.e.
the ID is equal for siblings, within each
site, vj
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Table S8: Additional baseline characteristics

Characteristic Ibuprofen Placebo
(n=324) (n=322)
Maternal characteristics
Deprivation index! — no. 271 282
1 (Least deprived)—no. (%) 103 (38.0) 101 (35.8)
2—no. (%) 57 (21.0) 75 (26.6)
3—no. (%) 52 (19.2) 40 (14.2)
4—no. (%) 37 (13.7) 41 (14.5)
5 (Most deprived) — no. (%) 22 (8.1) 25 (8.9)
Missing or not defined— no. 53 40
Antenatal steroid use
Any —no. (%) 293 (90.7) 290 (90.9)
< 24 hours before birth?—no. (%) 101 (34.5) 102 (35.2)
> 24 hours before birth—no. (%) 192 (65.5) 188 (64.8)
Missing—no. 1 3
Antenatal COX inhibitor use — no. (%) 43 (13.5) 36 (11.4)
Missing— no. 6 5
Antenatal magnesium sulfate use for 236 (76.1) 245 (79.3)
neuroprotection — no. (%)
Missing — no. 14 13
Infant characteristics at randomization
Born in enrolling center — no. (%) 273 (84.3) 277 (86.0)
Enrolling center*—no. (%)
1 30(9.3) 29 (9.0)
2 28 (8.6) 24 (7.5)
3 22 (6.8) 20(6.2)
4 19 (5.9) 19 (5.9)
5 17 (5.2) 16 (5.0)
6 19 (5.9) 14 (4.3)
7 15 (4.6) 18 (5.6)
8 13 (4.0) 19 (5.9)
9 14 (4.3) 17 (5.3)
10 14 (4.3) 10(3.1)
11 11 (3.4) 11 (3.4)
12 12 (3.7) 9(2.8)
13 11 (3.4) 9(2.8)
14 8(2.5) 10(3.1)
15 7(2.2) 10(3.1)
16 5(1.5) 11 (3.4)
17 10 (3.1) 6 (1.9)
18 8(2.5) 8(2.5)
19 6(1.9) 9(2.8)
20 8 (2.5) 6(1.9)
21 5(1.5) 8(2.5)
22 9(2.8) 3(0.9)
23 4(1.2) 8(2.5)
24 5(1.5) 7(2.2)
25 5(1.5) 6 (1.9)
26 6(1.9) 4(1.2)
27 4(1.2) 4(1.2)
28 3(0.9) 2 (0.6)
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Characteristic Ibuprofen Placebo
(n=324) (n=322)
29 3(0.9) 2(0.6)
30 2 (0.6) 2(0.6)
31 1(0.3) 1(0.3)
Gestational age (weeks)* — no. (%)
23 to < 24 weeks 30(9.3) 29 (9.0)
24 to < 25 weeks 59 (18.2) 58 (18.0)
25 to < 26 weeks 66 (20.4) 63 (19.6)
26 to < 27 weeks 66 (20.4) 68 (21.1)
27 to < 28 weeks 61 (18.8) 56 (17.4)
28 to < 29 weeks 42 (13.0) 47 (14.6)
> 29 weeks 0 1(0.3)
Forceps or Ventouse used in delivery— no. (%) 4(1.2) 2 (0.6)
Missing 0 2
Main cause of preterm birth—no. (%)
Preterm pre-labor rupture of membranes 112 (34.6) 101 (31.4)
(PPROM)
Preterm labor (without PROM) 116 (35.8) 118 (36.6)
Antepartum hemorrhage? 34 (10.5) 39 (12.1)
Hypertension® 6(1.9) 5(1.6)
Pre-eclampsia 8(2.5) 15 (4.7)
Sepsis 7(2.2) 6(1.9)
Other maternal illness 10(3.1) 5(1.6)
Obstetric intervention for fetal reasons 31(9.6) 33(10.2)
Birth weight z score -0.44+0.8 -0.44+0.8
Head circumference (cm) —no. 215 187
Mean £+ SD 23.61+2.2 23.5+2.0
Missing—no. 109 135
Head circumference z score -0.9+1.1 -0.911.0
Baby is one of a multiple pregnancy* — no. (%) 88 (27.2) 89 (27.6)
Families in the trial (sets of babies from a 299 292
multiple pregnancy and singletons)— no.
Sets of babies from a multiple pregnancy in the 24 30
trial— no.
Baby’s worst base excess at first hour after birth 239 252
—no.
Mean -5.6+4.3 -5.6+4.5
Missing no. 85 70
CRIB II° (without temperature) — no. 239 252
Mean £+ SD 11.1+2.6 10.9+2.7
Missing— no. 85 70

* Denotes factor used in the randomization minimization alogorithm

1 Combines information from seven domains to produce an overall relative measure of deprivation. The domains are
income; employment; education; skills and training; health and disability; crime; barriers to housing and services; and living

environment.

2 Doses would usually be 24 hours apart, so < 24 hours before birth suggests only one dose was taken.
3 Including abnormally implanted placenta.

4 With or without antepartum hemorrhage.

5 Clinical Risk Index for Babies.
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Table S9: Secondary analysis: Restricted analysis excluding infants who received
open label medical treatment! without meeting the specified criteria

Unadjusted Adjusted
Ibuprofen Placebo . . . . p-
Outcome (n = 300) (n = 289) risk ratio risk ratio value
- - (95% C1) (95% CI)
Death by or
moderate/severe BPD at
, 208 (68.6) 178 (62.5) 1.10(0.98t0 1.24) 1.09(0.98t01.22) 0.111
36 weeks’ postmenstrual
age—no. (%)
Missing — no. 6 4
Death by 36 weeks of
postmenstrual age — 43 (14.0) 33 (11.5) 1.22(0.80t0 1.86) 1.20(0.84 to 1.71)
no. (%)
Missing — no. 1 1
Infants survived up to 36
266 256

weeks'— no
Moderate or severe BPD
at 36 weeks of
postmenstrual age —
no./total no. (%)

Missing — no.

165/260 (63.5)

6

145/252 (57.5)

1.10 (0.96 to 1.27)

1.10 (0.96 to 1.26)

Y Includes medical or surgical management of PDA

2 Adjusted for size of the PDA, gestational age at birth, age at randomization, sex, center, multiple births, mode of

respiratory support at randomisation, and receiving inotropes or not at the time of randomization, and the correlation

between siblings from multiple births, where technically possible. Center was treated as a random effect in the models,
and all other factors as fixed effects.

Table S10: Additional process outcomes

age!—no. (%)

Reason: — no./total no. (%)
Lack of personnel

25/52 (48.1)

Outcome Ibuprofen Placebo
(n =324) (n =322)

Echocardiography not done around 3 weeks of
65 (20.1) 60 (18.6)

26/48 (54.2)

Baby transferred 10/52 (19.2) 8/48 (16.7)
ECHO done early/late 6/52 (11.5) 3/48 (6.3)
Baby too unwell 3/52 (5.8) 5/48 (10.4)
Not at participating site 4/52 (7.7) 1/48 (2.1)
PDA closed/ no clinical reason 2/52 (3.8) 0/48
Missed in error 1/52 (1.9) 4/48 (8.3)
Other 1/52 (1.9) 1/48 (2.1)
Missing 13 12
Open-label treatment received without criteria
) 15 (4.7) 33(10.3)
being met, — no. (%)
Medical treatment — no./total no. (%) 14/15 (93.3) 28/33 (84.8)
Surgical ligation of PDA — no./total no. (%) 2/15 (13.3) 9/33 (27.3)
Missing —no. 3 3

L Within 18-24 days of birth
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Table S11: PDA > 1.5mm at around 3 weeks by gestational age

Characteristic Ibuprofen Placebo
(n =324) (n=322)

Total — no. 141 199

Gestational age (weeks) — no. (%)
23 to < 24 weeks 21 (14.9) 19 (9.6)
24 to < 25 weeks 36 (25.5) 43 (21.6)
25 to < 26 weeks 34 (24.1) 46 (23.1)
26 to < 27 weeks 24 (17.0) 44 (22.1)
27 to < 28 weeks 17 (12.1) 27 (13.6)
28 to < 29 weeks 9(6.4) 20 (10.1)
> 29 weeks 0 0

Table S12: Post-hoc exploratory analysis: Timing of open-label treatment

from randomization

Ibuprofen Placebo
(n=324) (n=322)
Any open-label treatment— no. (%) 46 (14.2) 96 (29.8)
Days from randomization
Median (25, 75" percentiles) 11(8, 17) 12 (7, 21)
< 1 week after randomization — no./total no. (%) 8/46 (17.4) 20/96 (20.8)
1 to < 2 weeks after randomization — no./total no. (%) 22/46 (47.8) 31/96 (32.3)
2 to < 3 weeks after randomization — no./total no. (%) 7/46 (15.2) 16/96 (16.7)
3 to < 4 weeks after randomization — no./total no. (%) 4/46 (8.7) 10/96 (10.4)
> 4 weeks after randomization — no./total no. (%) 5/46 (10.9) 19/96 (19.8)
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Table S13: Additional secondary outcomes

Outcome Ibuprofen Placebo
(n =324) (n=322)
Worst stage of ROP! in either eye — no. (%)

No ROP 142 (43.8) 160 (49.7)

Stage | 58 (17.9) 48 (14.9)

Stage I 66 (20.4) 55 (17.1)

Stage Il + disease 2 (0.6) 5(1.6)

Stage Ill 31(9.6) 32 (9.9)

Stage Il + disease 22 (6.8) 20(6.2)

Stage IV 3(0.9) 1(0.3)

Stage V 0 1(0.3)
AP-ROPZ in either eye — no. (%) 10(3.1) 7(2.2)
Timing of significant pulmonary hemorrhage — no./total no. (%)

Before trial medication started 2/21(9.5) 2/17 (11.8)

During trial medication period? 1/21 (4.8) 9/17 (52.9)

After trial medication period 18/21 (85.7) 6/17 (35.3)

Missing — no. 3 1
Diagnosed with acute pulmonary hypertension — no. (%) 18 (5.6) 20 (6.2)

Missing — no. 0 1
Method of diagnosis
Clinically — no. (%) 7(43.8) 6(31.6)
Echocardiography — no. (%) 9(56.3) 13 (68.4)
Missing— no. 2 1
Treated for acute pulmonary hypertension with pulmonary vasodilator — 17 (5.2) 16 (5.0)
no. (%)

Nitric oxide*— no. (%) 11(73.3) 10 (66.7)

Other*—no. (%) 6(35.3) 10 (52.6)

Missing— no. 0 1
Severity of BPD® at 36 weeks of postmenstrual age (among infants surviving »80 -89
to 36 weeks)— no.

No BPD®— no./total no. (%) 28/274 (10.2) 37/285 (13.0)

Mild BPD®— no./total no. (%) 70/274 (25.5) 79/285 (27.7)

Moderate BPD®>— no./total no. (%) 61/274 (22.3) 55/285 (19.3)

Severe BPD°— no./total no. (%) 115/274 (42.0) 114/285 (40.0)

Missing — no. 6 4
Hydrocephalus (ventricular index > 4 mm above 97t percentile) — no. (%) 13 (4.0) 9(2.8)
Non-cystic PVLS — no. (%) 2(0.6) 2(0.6)
Other white matter injury — no. (%) 14 (4.3) 11(3.4)
NEC’ requiring surgery — no. (%) 19(5.9) 25(7.8)

Missing — no. 1 0
Gastrointestinal bleeding® — no. (%) 9(2.8) 9(2.8)
Spontaneous intestinal perforation — no. (%) 25(7.7) 23(7.1)

Surgical management undertaken — no./total no. (%) 22/25 (88.0) 22/23(95.7)
Any open-label treatment® — no. (%) 46 (14.2) 96 (29.8)
Medical open-label treatment of a symptomatic PDA® — no. (%) 43 (13.3) 82(25.5)
Administration of inotropic support — no. (%) 133 (41.0) 121 (37.6)
Duration of inotropic support (days) — median (25, 75t percentiles) 3(2,6) 3(2,5)
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Ibuprofen Placebo

Outcome (n =324) (n=322)
(Min to max) (0 to 28) (0 to 36)
Missing— no. 0 1

Diuretics used for management of PDA° — no. (%) 95 (29.3) 125 (38.8)

Total duration of respiratory support (days) — median (25, 75t 78 (49, 106) 78 (51, 103)

percentiles)

Invasive ventilation through an endotracheal tube — no. (%) 305 (94.1) 311 (96.6)
Duration (days), median (25%, 75" percentiles) 10 (3, 27) 12 (4, 28)

Non-invasive respiratory support through nasal CPAP, nasal ventilation, 289 (89.2) 303 (94.1)

humidified high flow nasal cannula therapy, or low flow oxygen = 1.1 L/min

—no. (%)

Duration (days) — median (25, 75 percentiles) 43(21,57) 41 (24, 56)

Ambient or low-flow oxygen (< 1.1 L/min) — no. (%) 254 (78.4) 260 (80.7)
Duration (days) — median (25, 75t percentiles) 19(3,30) 18(5,31)

Duration of initial hospitalization (birth to discharge home, in surviving 265 276

infants) —no.

Median (25, 75t percentiles) 95 (77, 115) 94 (77 ,117)
Missing— no. 9 6

Postnatal steroid use for chronic lung disease — no. (%) 85 (26.3) 82 (25.5)
Missing— no. 1 0

Head circumference: change in z score between birth and discharge — no. 146 142
Mean £ SD -0.0+14 0.2+2.1

! Retinopathy of prematurity

2 Aggressive Posterior - retinopathy of prematurity

3 Date of hemorrhage was on or between the dates of first or last dose. Time of hemorrhage is unknown, so where this
occurred on the same day as first or last dose it is not possible to know if this was during the medication period
4 Categories are not mutually exclusive

5 Bronchopulmonary dysplasia

6 periventricular leukomalacia

7 Necrotising enterocolitis

8 Leading to investigation or clinical treatment within 7 days of first dose

% Includes medical or surgical management of patent ductus arteriosus

10 patent ductus arteriosus
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Table S14: Safety Events (between the first dose of trial medication and 7 days after
the last dose)

Tolerance of ibuprofen treatment within foreseeable SAE reporting Ibuprofen Placebo?
range —no. (%) (n = 318)? (n =317)?
Anemia requiring transfusion 192 (60.6) 186 (58.7)
Missing — no. 1 0
Clinically significant intracranial abnormality on cranial ultrasound 33 (10.4) 20 (6.4)
scan — intracranial hemorrhage or white matter injury
Missing — no. 2 3
Coagulopathy requiring treatment 31(9.8) 28 (8.9)
Missing — no. 3 2
Culture proven sepsis 37 (12.3) 36 (12.0)
Missing —no. 18 18
Death 10(3.1) 6(1.9)
Fluid retention 36 (11.8) 19 (6.2)
Missing —no. 13 11
Gastrointestinal bleeding 11 (3.5) 11 (3.5)
Hematuria 3(1.0) 3(1.0)
Missing —no. 11 11
Hemothorax 2(0.7) 0
Missing —no. 11 11
High blood creatinine level® 64 (20.6) 32(10.3)
Missing —no. 7 5
Hyperbilirubinemia necessitating exchange transfusion 0 1(0.3)
Hypotension treated with inotropes 50(17.1) 37 (12.5)
Missing —no. 25 20
Impaired renal function® 71 (22.8) 41 (13.1)
Missing—no. 6 4
Low serum sodium level/hyponatremia® 61 (19.3) 77 (24.5)
Missing—no. 2 3
Necrotizing enterocolitis (stage IIA and above) 44 (13.9) 44 (14.0)
Missing — no. 1 3
Neutropenia® 30(10.3) 10 (3.4)
Missing — no. 26 24
Pneumothorax requiring treatment 4(1.3) 5(1.6)
Missing — no. 11 12
Pulmonary hypertension requiring treatment with pulmonary 5(1.6) 4(1.3)
vasodilator
Missing — no. 1 3
Seizures requiring treatment 7 (2.3) 5(1.6)
Missing —no. 11 11
Significant pulmonary hemorrhage 14 (4.5) 14 (4.5)
Missing —no. 4 3
Spontaneous intestinal perforation 13 (4.1) 17 (5.4)
Thrombocytopenia 23 (7.5) 26 (8.4)
Missing —no. 10 9

SAE denotes serious adverse events

Y Includes 2 infants who received trial intervention ibuprofen

2 Based on the safety population defined as: all infants randomised who received at least one dose of the study
drug 3> 100 umol/L

4 Urine output < 0.5 mL/kg/hour, and or serum creatinine > 100umol/L

5 Sodium < 130 mmol/L

6 Neutrophils < 1.0 mmol/L
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Table S15: Unforeseeable serious adverse events

SAE
number

Treatment
allocation

Center
ID

Description

Severity

Causality

Action taken

Outcome

Placebo

Hyponatremia. Low sodium levels. No Oliguria. No abnormal
Renal function results

Moderate

Not related

Discontinued

Resolved

Placebo

18

Baby self-extubated. Baby was having long line inserted, ETT
dislodged, difficult to intubate, CPR required. Adrenaline
and bicarbonate given. Reintubated.

Moderate

Not related

Discontinued

Resolved

Ibuprofen

Extremely low birth weight baby diagnosed with iatrogenic
oesophageal perforation related to gastric tube placement
with resulting pneumothorax

Moderate

Not related

None

Resolved

Ibuprofen

Baby born 24+3 and deteriorated on day 7 of life (developed
hypotension, hyperglycemia and a severe metabolic
acidosis). Re-intubated and ventilated. Suspected intra-
abdominal haemorrhage. Too unstable for transfer to a
surgical centre. Progressed to death. Reported as SAE as
reason of death unknown. Cause of death since confirmed
as intra-abdominal hemorrhage and complications
associated with extreme prematurity.

Severe

Not related

None

Fatal

Ibuprofen

Erosion of the umbilical venous catheter (UVC)through the
ductus venosus (initially thought to be a spontaneous
intestinal perforation)

Severe

Not related

Discontinued

Resolved

Ibuprofen

15

Extravasation of umbilical line, leakage of total parenteral
nutrition into peritoneal cavity, coagulopathy and acute
renal failure with gross hematuria and metabolic acidosis.
Infant made full recovery and was discharged home.
Attributed to position of the umbilical venous catheter
(UVC) rather than Investigational Medicinal Product (IMP)
(confirmed by laparotomy).

Severe

Not related

Discontinued

Resolved

Ibuprofen

25

Sudden deterioration, abdominal distention, hypotension
and severe metabolic acidosis, suspected NEC/bowel
ischemia; progressed to death same day.

Severe

Possibly related

Discontinued

Fatal

Suspected Unexpected Serious Adverse Reaction (SUSAR)

Ibuprofen

Baby had falling hemoglobin, poor perfusion and was pale,
with increasing abdominal distention. Not resolving after
blood transfusions. Abdominal ultrasound performed

Severe

Possibly related

Discontinued

Fatal
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SAE
number

Treatment
allocation

Centre
ID

Description

Severity

Causality

Action taken

Outcome

suggesting a 4cm subcapsular hematoma, no evidence of
peritoneal collection, looks localized.

Baby was managed conservatively thereafter with evidence
of a reduction in size of the hematoma. Developed
progressive cardiorespiratory failure managed with high
frequency oscillatory ventilation (HFOV), nitric oxide and
inotropic support. Developed a Coagulase-negative
staphylococci (CONS) bloodstream infection and PIE changes
on chest x-ray. Treated with dexamethasone with a partial
response. ECHO showed a non-specific pattern of diffuse
echogenic lesions scattered throughout the
endo/myocardium of both ventricles. Cranial US scans were
normal. Despite maximal intensive care support, continued
to deteriorate.

The cause of death was certified as severe pulmonary
interstitial emphysema (PIE), extreme prematurity, acute
renal failure and Staphylococcal hemolyticus sepsis.
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Table S16: Representativeness of Study Participants

Category

Patent Ductus Arteriosus (PDA)

Disease, problem, or
condition under
investigation

Selective early medical treatment of patent ductus arteriosus with
Ibuprofen

Special considerations
related to:

Sex and gender

Patent ductus arteriosus in premature babies equally affects male and
female infants

Age

Patent ductus arteriosus is a common morbidity in extreme premature
babies born at less than 29 weeks of gestation. The prevalence of
patent ductus arteriosus is inversely proportional to the gestational age
of the infant.

Race or ethnic group

Patent ductus arteriosus affects premature babies irrespective of
ethnicity and race.

Geography

There is no reported geographical variation with regards to the
prevalence of patent ductus arteriosus in premature infants.

Other considerations

Severity of respiratory distress syndrome and the need for respiratory
support for respiratory distress syndrome are associated with the
prevalence of patent ductus arteriosus. Persistence of patent ductus
arteriosus has been reported to be associated with mortality and other
complications of prematurity throughout the world and is more
common in infants born below 26 weeks of gestation.

Overall representativeness
of this trial

The participants in the trial demonstrate the expected ratio of males to
females. The ethnicity breakdown is also representative of the UK
population with 74% of infants born to White mothers. As extreme
premature infants were screened for the presence of patent ductus
arteriosus for inclusion in the trial, all infants required respiratory
support at randomization, reflecting underlying respiratory distress

syndrome.
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