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Abstract

Background Patent ductus arteriosus (PDA) in preterm infants is associated with increased morbidities and mortality. Pro-
phylactic treatment with cyclooxygenase inhibitors, as indomethacin or ibuprofen, failed to demonstrate significant clinical
benefits. Acetaminophen may represent an alternative treatment option.

Objective This study evaluated the minimum effective dose of prophylactic acetaminophen to close the ductus and assessed
the safety and tolerability profile in extremely preterm infants at 23-26 weeks of gestation.

Methods A dose finding trial with Bayesian continual reassessment method was performed in a multicenter studywith
premature infants hospitalized in neonatal intensive care unit. Infants of 23-26 weeks of gestation and post-natal age
< 12 h were enrolled. Four intravenous acetaminophen dose levels were predefined. The primary outcome was the ductus
arteriosus closing at two consecutive echocardiographies or at day 7. The main secondary objectives included the safety of
acetaminophen on hemodynamics and biological hepatic function.

Results A total of 29 patients were analyzed sequentially for the primary analysis with 20 infants assigned to the first dose
level followed by 9 infants to the second dose level. No further dose level increase was necessary. The posterior probabilities
of success, estimated from the Bayesian logistic model, were 46.1% [95% probability interval (PI), 24.9-63.9] and 67.6%
(95% PI, 51.5-77.9) for dose level 1 and 2, respectively. A closing or closed pattern was observed among 19 patients at
the end of treatment [65.5% (95% confidence interval (CI), 45.7-82.0)]. No change in alanine aminotransferase values was
observed during treatment. A significant decrease in aspartate aminotransferase values was observed with postnatal age. No
change in systolic and diastolic blood pressures was observed during treatment.

Conclusions Minimum effective dose to close the ductus was 25 mg/kg loading dose then 10 mg/kg/6 h for 5 days in
extremely preterm infants. Acetaminophen was well tolerated in this study following these doses.

Trial Registration ClinicalTrials.gov Identifier: NCT04459117.

1 Introduction Inhibition of prostaglandin synthesis, through inhibition

of the cyclooxygenase (COX) enzymes, results in ductal
At birth, the ductus arteriosus is functionally open in all constriction. Indomethacin and ibuprofen are the two most
newborns and its constriction and closure are part of the commonly used COX inhibitors in presence of a hemody-
normal process of postnatal adaptation. In extremely preterm  namically significant PDA. However, numerous adverse
infants, failure to close is frequent and results in a condition ~ effects have been reported in this context, such as bleeding,
called patent ductus arteriosus (PDA), which has been asso- immune disorders, renal impairment, gastrointestinal hemor-
ciated with increased mortality and morbidity [1]. rhage, necrotizing enterocolitis, intestinal perforation, and,
for some cases, pulmonary hypertension [2, 3]. Treatments
aiming at closing the PDA have failed to demonstrate signifi-
cant clinical benefits [4] and current evidence does not sup-
port the use of prophylactic indomethacin [5] or ibuprofen
Extended author information available on the last page of the article [6] for the prevention of PDA-related morbidities.
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Previous studies have shown that prophylactic treatment
of patent ductus arteriosus with cyclooxygenase inhibi-
tors does not demonstrate significant clinical benefits

Acetaminophen may represent an alternative treatment
option. This study evaluated the minimum effective
dose and assessed the safety and tolerability profile of
acetaminophen in extremely preterm infants at 23-26
weeks of gestation.

Acetaminophen was well tolerated and the minimum
effective dose was 25 mg/kg loading dose then 10 mg/
kg/6hours during 5 days

Early treatment of PDA with acetaminophen has been
proposed as an alternative to COX inhibitors. According to
a recent meta-analysis, use of acetaminophen has a com-
parable effectiveness to close a PDA, and fewer harmful
effects on the kidneys and intestines [5]. However, only
few extremely preterm infants were included in this meta-
analysis. Therefore, efficacy and safety of acetaminophen
for PDA treatment in this population required further
studies.

Both animal and clinical studies demonstrated that
the responsiveness of the PDA to acetaminophen could
depend on the method of administration, duration of
treatment, and dose of the drug. Ductal response to
acetaminophen has been highly variable, ranging from
no efficacy in infants receiving a short course of oral
acetaminophen to closure in most of the patients who
received the intravenous form, suggesting that a criti-
cal acetaminophen level is required to achieve maximal
therapeutic effect [6]. Data from a randomized double-
blind controlled trial performed in Finland [7] showed
that acetaminophen accelerates early closure of the PDA.
A modeling analysis of the data showed that gestational
age was strongly associated with time to ductus closure
and that maximal effect of acetaminophen was associated
also with gestational age [8].

In the Prophylactic Treatment of the Ductus Arteriosus
in Preterm Infants by Acetaminophen project (TREOCAPA)
(NCTO04459117), we planned the present phase II study for
the high-risk preterm infant population born at 23-26 weeks
of gestation. The aim was to define the minimum effective
dose and assess the safety profile of acetaminophen in this
population. A continual reassessment methodology was cho-
sen because of the advantages of this design especially in
such vulnerable population.
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2 Methods
2.1 Study Design and Participants

This phase 2 trial enrolled patients from eight sites across
two countries (France and Finland). Patients were assigned
to intravenous acetaminophen with predefined doses. The
first level was 20 mg/kg followed by 7.5 mg/kg quarter in
die (QID) during 5 days (total = 20 doses) [7, 8]. The sec-
ond, third, and fourth predefined level doses stand for 25
mg/kg followed by 10 mg/kg QID, 30 mg/kg followed by
12 mg/kg QID, and 35 mg/kg followed by 15 mg/kg QID,
respectively.

Infants were eligible for inclusion if the following condi-
tions were all met: (1) birth at 23-26 weeks gestation, (2)
postnatal age < 12 h, and (3) authorization to perform the
study signed by both parents after receiving an information
letter written by European representative parents. Noninclu-
sion criteria were the presence of a birth defect or congeni-
tal anomaly, twin-to-twin transfusion syndrome, suspicion
of pulmonary hypoplasia or hepatic failure (hemorrhagic
syndrome and/or severe hypoglycemia), clinical instabil-
ity that can lead to rapid death, and the participation in
another clinical trial using acetaminophen during the first
5 days of life or indomethacin or ibuprofen during the first
3 days of life.

2.2 Procedures

At inclusion, baseline data (pregnancy, antenatal care, and
care in the delivery room) were recorded. Systemic arterial
pressure was measured before the loading dose of acetami-
nophen. Systemic arterial pressure was measured after each
dose. A blood sample was collected just after end of loading
dose infusion to measure aspartate aminotransferase (AST),
alanine aminotransferase (ALT) levels, and for pharmacoki-
netic purpose. After the tenth dose, a blood sample was col-
lected to analyze AST and ALT levels. Echocardiography
was performed each day during the first postnatal week (day
1 to day 7). The first echocardiography was performed at
day 1 after initiation of treatment. A cerebral echography
was also performed at day 7. A last visit was planned at 36
weeks of postmenstrual age for reviewing severe morbidity,
including bronchopulmonary dysplasia, brain lesions, infec-
tions, retinopathy of prematurity, and necrotizing enterocol-
itis. The first three consecutive patients were treated at the
lowest starting dose level. Thereafter, a Bayesian continual
reassessment analysis was used to assign the dose level
after each three consecutive patients [9]. The Data Safety
Monitoring Committee (DSMC) was consulted before any
increase of dose level.
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2.3 Outcomes

The main objective of phase II was to evaluate the minimum
effective dose of acetaminophen (MEDR) to close PDA in
infants of 23-26 weeks gestation. PDA closure was defined as
PDA closed at two consecutive echocardiographies or at echo-
cardiography performed on day 7. Patients who were switched
from acetaminophen to ibuprofen for rescue treatment were
considered as treatment failures. The secondary objectives were
the tolerability and safety of acetaminophen with the following
outcomes: blood pressure assessed 30, 60, 90, 120 min after
end of each drug infusion and ALT and AST levels assessed
after administration of the first dose and the tenth dose. Serious
adverse events during the first 7 days of life and during follow-
up until the last visit at 36 weeks of postmenstrual age were
also assessed. Post hoc analysis included assessment of efficacy
criteria as percentage of patients with closing or closed ductal
pattern at the end of treatment (i.e., day 5).

2.4 Statistical Analysis

A sample size of 30 preterm infants with gestational age of
23-26 weeks were planned to be enrolled. Statistical analy-
sis regarding efficacy endpoints was performed on the per-
protocol (PP) set. This PP included patients without major
protocol violations regarding eligibility criteria and with the
primary endpoint recovered. This dose-finding study was
conducted using a Bayesian continual reassessment method
(see Supplementary Material text for model parametriza-
tion). The PDA closure rate used to define the MEDR was
fixed to 60%, which is above the spontaneous PDA closure
rate and close to the success rate reported with prophylactic
use of indomethacin in preterm infants < 26 weeks [10].
The reported rate of spontaneous PDA closure at day 7 in
preterm infants with gestational age of 23-26 weeks ranges
from 13 to 32% [11]. Categorical data were summarized
and presented as frequencies and percentages. Continuous
data were presented as median [interquartile range, IQR]
(range). Comparisons of quantitative data were performed
using Wilcoxon—-Mann—Whitney tests and categorical vari-
ables were analyzed using the chi-square test or Fisher’s
exact test as appropriate. Paired Wilcoxon tests were used
to analyze changes from baseline value. Statistical analysis
was performed on R software (http://cran.r-project.org/). All
tests were two-sided with a significance level of 5%.

3 Results
3.1 Efficacy Analysis

Between November 2020, and September 2021, a total of 31
preterm patients were enrolled in this study. One patient was

excluded from analysis due to noninclusion criteria and one
patient stopped the treatment earlier for suspicion of safety
concern and was not retained in the primary efficacy analy-
sis. A total of 29 patients were sequentially analyzed, 20 in
the first dose level and 9 in the second dose level (Fig. 1,
Table 1). After inclusion of 20 successive patients in the
first dose level (20 mg/kg loading dose then 7.5 mg/kg/6 h
for 5 days), 9 cumulative failures related to the primary out-
come were observed (11 successes). Among the 9 failures,
3 patients needed to receive a rescue treatment by ibuprofen
during the acetaminophen time course and for 6 patients,
none of the echocardiographies performed from day 1 to
7 showed a closed PDA. A dose escalation to the second
level was decided after the seventh Bayesian reassessment
analysis and was approved by the DSMC. Nine additional
consecutive patients were treated thereafter with 25 mg/kg
loading dose then 10 mg/kg/6 h for 5 days. Among these
patients, six were considered as a failure regarding the pri-
mary outcome (three successes). The failures are detailed
thereafter: one patient was switched from acetaminophen to
ibuprofen as a rescue treatment during the treatment course,
two patients received a rescue treatment by ibuprofen after
day 5, and, for three patients, none of the echocardiographies
performed throughout the follow-up showed a PDA closed.
Given the predefined acceptable success probability, the
data suggested that no gain on efficacy would be observed
with further increase in dose level. Based on overall data,
the posterior efficacy probabilities (95% probability inter-
val) estimated from the Bayesian logistic model were 46.1%
(24.9-63.9%) and 67.6% (51.5-77.9%) for dose level 1 and
2 respectively. Therefore, dose level 2 was chosen as the
MEDR. Figure 2 shows the sequential estimated probability
of success along with its 95% credibility intervals associ-
ated with the MEDR of acetaminophen after each analysis.
The model-predicted probabilities of success as a function
of dose levels are also provided in Supplementary Fig. 1.
Comparison of baseline characteristics of patients between
success and failure patients regarding the primary endpoint
are provided in Supplementary Table 1.

The post hoc analysis showed that a total of 19 preterm
infants over the 29 analyzed patients, i.e., 65.5% (95% CI,
45.7-82.0), displayed a closing ductal pattern or a ductus
closed at day 5 corresponding to end of treatment. Distri-
bution of PDA shunt flow pattern (%) per day of acetami-
nophen treatment is displayed in Supplementary Fig. 2.
Stratification on the dose level showed that 13 patients
(65%) in dose level one displayed a closing ductal pattern,
or a ductus closed, at day 5 versus 6 patients (67%) in dose
level two. The mean percent change of PDA diameter dur-
ing treatment from the first echocardiography is shown also
in Supplementary Fig. 3. The percent change stratified by
dose level for left atrium/aorta ratio, left ventricular end-
diastolic diameter, left pulmonary artery mean velocity, and
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Fig. 1 Flow-chart of the efficacy
study population

Included patients

(n=31)
non-inclusion criteria
(i.e., congenital
anomaly)
Eligibility criteria (n=1)

fulfilled
(n=30) Early stopping of

- 3 treatment primary

endpoint not recovered
(n=1)

v

Analyzed patients
(n=29)

7 N

Dose level 1 Dose level 2 Dose level 3 Dose level 4
20mg/kg then 7.5mg/kg 25mg/kg then 10mg/kg 30mg/kg then 12mg/kg 35mg/kg then 15mg/kg
(n=20) (n=9) (n=0) (n=0)

left pulmonary artery end-diastolic velocity is provided in
Supplementary Fig. 4. Supplementary Fig. 5 displays the
time course of ductus diameter/birthweight, left atrium/
aorta ratio, left ventricular end-diastolic diameter, and left
pulmonary artery end-diastolic velocity from start to end
of acetaminophen treatment, stratified by failure or success
regarding the primary endpoint.

To assess acetaminophen metabolism rate in these
extremely preterm patients, concentrations of acetami-
nophen and its metabolites (acetaminophen—sulfate, aceta-
minophen—glucuronide, and acetaminophen—cysteine/mer-
capturate) were measured just after end of the loading dose
infusion. Supplementary Fig. 6 shows acetaminophen and
metabolites concentrations according to success or failure
regarding the primary endpoint. No difference was observed
for the parent drug concentrations at end of loading dose
suggesting no difference in acetaminophen volume of dis-
tribution between success and failure patients. It is note-
worthy that for a given drug, volume of distribution mainly
drives loading dose peak concentration. However, higher
inactive metabolite levels were observed in failure patients
particularly for acetaminophen glucuronide and acetami-
nophen—cysteine/mercapturate (p < 0.05 and p = 0.07,
respectively) even after adjusting for gestational age.

3.2 Safety Analysis

Alanine aminotransferase (ALT) and aspartate aminotrans-
ferase (AST) were measured after the first dose and after
dose number 10. No difference was observed in ALT levels
between dose number 1 and number 10 with either dose level
1 or dose level 2 (Fig. 3). However, a significant decrease
in AST values (whatever the dose level) was shown sug-
gesting a normalization of the AST values occurring with
postnatal age.
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Baseline median (IQR) systolic and diastolic blood pres-
sure before intravenous (IV) acetaminophen were 51 (44-57)
and 29 (26-33) mmHg, respectively. After the first dose, the
median (IQR) systolic blood pressures 30, 60, 90, 120 min
after end of drug infusion were 47 (44-59), 48 (42-57), 45
(42-57), and 47 (42-58) mmHg respectively. The median
(IQR) diastolic blood pressures were 28 (22-38), 31
(23-38), 27 (22-36), 32 (25-36) respectively. No statistical
difference was pointed out for both systolic and diastolic
blood pressures compared with baseline (P > 0.05). Systolic
and diastolic blood pressure time course is shown in Sup-
plementary Fig. 7.

Among patients who received at least one dose of study
medication, a total of 27 serious adverse events (SAE)
occurred in 13 (41.9%) patients. The most frequent SAE,
gastrointestinal disorders, occurred in nine patients (29%).
Among the patients in failure group, two patients had a gas-
trointestinal event during the first week (two necrotizing
enterocolitis, respectively, at day 5 and at day 7) and three
patients had a gastrointestinal event beyond the first week of
life (one necrotizing enterocolitis at day 9 and two intestinal
perforations, respectively, at day 9 and day 19). Four preterm
infants (12.9%) died during the study period—three born
at 24 weeks of gestation and one at 23 weeks of gestation.
None of deaths were considered to be related to the study
drug or procedures. Table 2 summarizes all AE and SAE
reported during the follow-up of this study and stratifies it
by dose level.

4 Discussion

This is the first study that assess by Bayesian approach the
minimum effective dose of acetaminophen for patent duc-
tus arteriosus in extremely preterm infants at 23-26 weeks
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Table 1 Baseline characteristics of the primary analysis population
Total (n = 29) Dose level 1(n = 20) Dose level 2 (n =9) p-value

Inclusion data
Gestational age (weeks)
23
n (%)
24
n (%)
25
n (%)
26
n (%)
Birth weight, g
Median [IQR] (range)
Sex
Male
Antenatal care and birth
Type of pregnancy
Singleton
Twins
Age of mother (years)
Median [IQR] (range)
Admission for preterm labor
n (%)

PROM (before onset of labor)

n (%)

Diagnosis of IUGR noted in medical

records
n (%)
Preeclampsia

n (%)

Mother transferred for delivery

n (%)

Mother receive any steroids before

delivery?
n (%)

If yes, total number of injections of

steroids
Median [IQR] (range)

IV magnesium sulfate before delivery?

n (%)

Delivery and care in delivery room

Presentation
Vertex
Breech
Other (transverse)
Mode of onset of labor
Spontaneous
Caesarean before labor
Mode of delivery
Vaginal

Caesarean

2(6.9)

9 (31.0)

6 (20.7)

12 (41.4)

800 [650, 860] (470, 920)

16 (55.2)

22 (75.9)

7(24.1)

32 [30, 34] (19, 41)

25 (86.2)

18 (62.1)

3(10.3)

3(10.3)

11 (37.9)

29 (100.0)

2[1,2](1,2)
25 (86.2)
14 (48.3)
13 (44.8)

2(6.9)

23 (79.3)
6 (20.7)

18 (62.1)
9 (31.0)

2 (10.0)

6 (30.0)

5(25.0)

7 (35.0)

765 [646.2, 845.0] (510, 920)

12 (60.0)

15 (75.0)

5(25.0)

32.5[30,34] (19, 41)

17 (85.0)

11 (55.0)

2 (10.0)

2 (10)

9 (45.0)

20 (100.0)

2[1,2](1,2)
18 (90.0)

8 (40.0)

10 (50.0)

2 (10.0)

16 (80.0)
4 (20.0)

13 (65.0)
7(35.0)

0 (0.0)

3(33.3)

1(11.1)

5(55.6)

840 [800, 875] (470, 910)

4 (44.4)

7(77.8)

2(22.2)

32 (30, 35] (26, 37)

8 (88.9)

7(77.8)

1L

1AL

2(22.2)

9 (100.0)

2[1,2](1,2)
7(77.8)
6 (66.7)
3(33.3)

0(0.0)

7(77.8)
2(22.2)

5(55.6)
2(22.2)

0.69

0.29

0.69

0.99

0.87

0.99

0.41

0.99

0.99

0.41

0.99

0.74

0.57

0.38

0.99
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Table 1 (continued)

Total (n =29) Dose level 1(n = 20) Dose level 2 (n =9) p-value

Instrumental 2(6.9) 0(0.0) 2(22.2) 0.13
Agpar at 5 min

Median [IQR] (range) 81[7,9] (3, 10) 8[6.0, 8.2] (3, 10) 817,9] (7, 10) 0.36
Neonatal resuscitation

Mask ventilation 14 (48.3) 8 (40.0) 6 (66.7)

Intubation 11 (37.9) 11 (55.0) 0(0.0)

Chest compression 1(3.4) 0(0.0) 1(11.1)

Airway disobstruction 3(10.3) 1(5.0) 2(22.2) 0.0051
Surfactant

n (%) 18 (62.1) 13 (65.0) 5(55.6) 0.69
Use of any CPAP

n (%) 21(72.4) 12 (60.0) 9 (100.0) 0.033
Use of any mechanical ventilation

n (%) 10 (34.5) 10 (50.0) 0(0.0) 0.011
Maximum FiO, used in delivery room

Median [IQR] (range) 60 [ 40, 100] (21, 100) 60 [ 40, 100] (30, 100) 80 [ 40, 100] (21, 100) 0.87

Anthropometric data

Weight (grams)
Median [IQR] (range)
Missing 1

Length (cm)
Median [IQR] (range) 32.8 [31.1, 34.1]1 (28.0, 36.5)
Missing 9

Head circumference (cm)
Median [IQR] (range) 22.9[21.5, 23.6] (20.5, 25.0)
Missing 5

800 [657.5, 862.5] (470, 920) 765 [657.5, 845.0] (510, 920)

845 [756.2, 879.5] (470, 910) 0.30

0 1
32.2[31.5,33.8](29.0, 36.5) 33.5[30.4, 34.4] (28.0,34.5) 0.97
6 3
23[21.5,24.0] (20.5, 25.0) 22.5[21.8,23.0] (21.0,23.2) 0.54

3 2

PROM, premature rupture of membranes; IUGR, intrauterine growth retardation; IV, intravenous; CPAP, continuous positive airway pressure;

FiO,, fraction of inspired oxygen

gestation. This minimum effective dose was estimated to
be 25 mg/kg followed by 10 mg/kg QID for 5 days. This
is in agreement with a previous study that suggested that
10 mg/kg/6 h should be enough to treat PDA with no need
to increase further the dose in preterm infants at 26 weeks
gestation [12].

The continual reassessment methodology was preferred
over a parallel group design because of the multiple advan-
tages of this design especially in such vulnerable population.
This sequential dose increases the approach to avoid unnec-
essary overexposure of these at-risk patients. This approach
allows also the enrollment of fewer patients to determine
the minimum effective dose response without requirement
of a placebo group. Furthermore, a suboptimal range of
acetaminophen doses can be pointed out earlier. Addition-
ally, rather than considering each dose level as independent
conditions, this approach allows for enriched data observa-
tion using prior beliefs and accounts for pharmacological
assumption that each dose is interdependent. Due to the
small sample size, considering that each dose level is not
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interconnected would lead to a range for the second dose
level with a large uncertainty regarding the primary end-
point rate—33% with a wide 95% confidence interval, from
7.5 to 70.1%. The continual reassessment design allows for
incorporation of overall cumulated successes in the trial,
assuming a monotonic increase of the probability of success
as dose level increases. This Bayesian inference allows for a
posteriori estimate of success rate probability, along with its
credibility/probability interval (PI) incorporating contextual
information (see Supplementary Material text) with more
informative estimations. The 95% PI estimation of success
rate for the second dose level was narrower from 51.5 to
77.9%. A slight misbalance in gestational age, birth weight,
and use of mechanical ventilation was observed between
the two dose levels. However, none of these variables were
significantly associated with treatment success, suggesting
that no confounding effects of these variables should be con-
sidered in this extreme preterm cohort.

The rates of PDA in preterm infants at day 7 after birth
was reported to be 68% in infants with gestational ages
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Fig.2 Sequential estimated probability of success and 95% probability intervals (PI) associated with the MEDR of acetaminophen

25-26 weeks and rising to 87 % for 24-week-old infants [11].
Regarding these previous reported findings, the use of intra-
venous acetaminophen appears to decrease the PDA rate in
these extremely premature infants. Interestingly, our results
also show that prophylactic acetaminophen use allowed for
patients to be considered as a “failure” (with the study pri-
mary criterion), with values close to the success patients for
left pulmonary artery end-diastolic velocity and left atrium/
aorta ratio. Additionally, the mean left atrium/aorta ratio
was below 1.5 during the treatment time course for both
success and failure patients (value considered as a cutoff to
discriminate hemodynamically significant PDA) [13]. These
observations strengthen the benefits of this prophylactic dose
regimen on overall patients.

A marked variability of plasma acetaminophen and con-
centrations of its metabolites was observed between subjects
after the loading dose. This is in agreement with a previous
pharmacokinetic studies performed in a preterm population
that reported high interindividual variabilities on both aceta-
minophen elimination clearance and volume of distribution
[8, 14]. Plasma inactive metabolite levels measured after
end-of-loading dose were higher in preterm infants in whom
ductus closure was not observed, which can support also the
use of the higher dosage proposed in dose level 2 overdose
level 1. However, further specific pharmacokinetic studies

are needed to better characterize the distribution and elimi-
nation of acetaminophen in these extremely preterm infants
along with the association between drug exposure and the
ductus diameter time course.

Hepatic toxicity of acetaminophen has been reported
when plasma concentrations exceeded largely the thera-
peutic levels. This complication is attributed to the produc-
tion of highly reactive metabolites by hepatic cytochrome
P (CYP)-450, primarily by the CYP2E1 [15]. In our study,
no significant variation in ALT levels was pointed out dur-
ing acetaminophen treatment in dose level 1 nor in dose
level 2. Regarding AST values, we observed a significant
decrease as a function of time during treatment towards nor-
mal values with postnatal age. In this cohort of patients, no
hepatic alteration was suspected during or after the 5 days
of treatment.

The hemodynamic effect of acetaminophen was pre-
viously studied and only a very modest decrease in heart
rate and mean arterial blood pressure was reported on pro-
spectively collected observations in 72 neonates with no
clinical relevance [16]. This agrees with our findings, as
no significant alteration in hemodynamic parameters were
observed based on systolic and diastolic blood pressure
measured before and 30, 60, 90, 120 min after end of each
drug infusion.
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A total of 27 SAE occurred in 13 patients. The most
affected organ was the gastrointestinal system, including
eight patients with either necrotizing enterocolitis or gas-
trointestinal perforation. In a recent study, general incidence
of spontaneous intestinal perforation was estimated around
8% in infants < 29 weeks gestational age. In our study, we
observed specifically gastrointestinal perforation at rate of
13% (95% CI, 3.6-29%). Regarding the association between
GI SAEs and treatment failure, no statistical difference was
pointed out regarding the gastrointestinal SAE rate among
patients in failure or not (33% versus 14%, respectively p =
0.39). However, the low sample size may limit interpretation
of these results.

Among the eight patients with either necrotizing entero-
colitis or gastrointestinal perforation, three were assessed
as possibly related to the study drug by investigators.
Interestingly, all eight patients received hydrocortisone
that might have increased the risk of spontaneous gastroin-
testinal perforation [17]. A suspicion of safety concern was
raised, and these cases were reviewed with members of
the DSMC. However, the DSMC estimated that extremely
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premature infants are a high-risk population with many
expected complications and that the pattern of events we
observed was consistent with what might be observed in
these infants. Interestingly, most of the patients present-
ing a gastrointestinal SAE received prophylactic treatment
by hydrocortisone, known to have gastrointestinal adverse
events. In most of the cases (seven out of eight cases of
GI event), acetaminophen administration had been com-
pleted or stopped several days before the occurrence of GI
events, while hydrocortisone treatment was still ongoing
in most of the cases (six cases out of eight cases of GI
event). Thus, and given the known pharmacologic proper-
ties and half-life of acetaminophen in neonates (around 4
h) [8], chronology seems more compatible with an effect
of hydrocortisone. Moreover, the proportion of patients
treated by hydrocortisone was unbalanced between dose
level 1 and 2 (91% versus 56%), which might explain the
lower observed gastrointestinal disorder incidence rate in
dose level 2. Besides, preterm infants with slightly higher
birth weight and lesser use of mechanical ventilation in
dose level 2 might explain also in part the lower SAE rate.
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Table 2 Serious adverse events in all treated patients (n = 31)

Total (n = 31) Dose level 1 (n =22) Dose level 2 (n =9)

Number of Number of Number of Number of Number of Number

events patients (%) events patients (%) events of patients
(%)

Any serious adverse event (SAE) 27 13 (41.9%) 26 12 (54.5%) 1 1(11.1%)
Cardiac disorders 2 1(3.2%) 2 1 (4.5%) 0 0 (0%)
Congenital, familial and genetic disorders 1(3.2%) 1 1 (4.5%) 0 0 (0%)
Gastrointestinal disorders 9? 9% (29.0%) 9? 9 (40.9%) 0 0 (0%)
General disorders and administration site conditions 1 1(3.2%) 1 1(4.5%) 0 0 (0%)
Hepatobiliary disorders 1 1(3.2%) 1 1(4.5%) 0 0 (0%)
Infections and infestations 1 1(3.2%) 1 1(4.5%) 0 0 (0%)
Metabolism and nutrition disorders 5 4 (12.9%) 5 4 (18.2%) 0 0 (0%)
Nervous system disorders 1 1 (3.2%) 0 0 (0%) 1 1(11.1%)
Renal and urinary disorders 3 3(9.7%) 3 3 (13.6%) 0 0 (0%)
Respiratory, thoracic, and mediastinal disorders 3 3(9.7%) 3 3 (13.6%) 0 0 (0%)

SAE of special interest: gastrointestinal disorders 8 8 (25.8%) 8 8 (36.4%) 0 0 (0%)
Necrotizing enterocolitis 4 4 (12.9%) 4 4 (18.2%) 0 0 (0%)
Gastrointestinal perforation 4 4 (12.9%) 4 4 (18.2%) 0 0(0%)

Deaths 4 4 (12.9%) 3 3 (13.6%) 1 1(11.1%)
Multiple organ failure 1 1(3.2%) 1 1(4.5%) 0 0(0%)
Severe intraventricular hemorrhage 1 1(3.2%) 0 0(0%) 1 1(11.1%)
Bronchopulmonary dysplasia 1 1(3.2%) 1 1(4.5%) 0 0(0%)
Infection/sepsis 1 1(3.2%) 1 1(4.5%) 0 0 (0%)

*Including four necrotizing enterocolitis, four gastrointestinal perforations and one inguinal hernia

Gastrointestinal complications were considered as special-
interest events and will be carefully monitored in phase
III. In the same way, the safety in the long term is yet to
be proven. The more patients exposed to acetaminophen,
especially those at lower risk, the higher the chance it will
alter the benefit. This will be considered and investigated
in phase III. The benefit-risk balance was the basis of
this dose escalation phase II study with the aim to avoid
unnecessary overexposure to acetaminophen in this vul-
nerable population.

The survival rate in the study was relatively high given
the gestational age included in this study. A total of four
deaths (12.9%; 95% CI 3.6-29.8%) were observed, all cor-
responding to birth < 25 weeks gestation. Interestingly, the
mortality rate observed in this study appears substantially
lower than those reported in two previous French studies,
the PREMILOC interventional study [18] and the EPIPAGE
observational study [24].

In conclusion, according to the present phase II study, the
minimum effective dose included 25 mg/kg loading dose,
followed by 10 mg/kg/6 h for 5 days for extremely preterm
infants. Acetaminophen was well tolerated in this study.
Phase III, the second part of the TREOCAPA project, is
ongoing to evaluate the interest of acetaminophen using a

clinically relevant endpoint such as survival without severe
morbidity compared with placebo.
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