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Abstract 

Background  Despite therapeutic hypothermia (TH) and neonatal intensive care, 45–50% of children affected 
by moderate-to-severe neonatal hypoxic-ischemic encephalopathy (HIE) die or suffer from long-term neurodevel‑
opmental impairment. Additional neuroprotective therapies are sought, besides TH, to further improve the outcome 
of affected infants.

Allopurinol — a xanthine oxidase inhibitor — reduced the production of oxygen radicals and subsequent brain dam‑
age in pre-clinical and preliminary human studies of cerebral ischemia and reperfusion, if administered before or early 
after the insult.

This ALBINO trial aims to evaluate the efficacy and safety of allopurinol administered immediately after birth to (near-)
term infants with early signs of HIE.

Methods/design  The ALBINO trial is an investigator-initiated, randomized, placebo-controlled, double-blinded, 
multi-national parallel group comparison for superiority investigating the effect of allopurinol in (near-)term infants 
with neonatal HIE.

Primary endpoint is long-term outcome determined as survival with neurodevelopmental impairment versus death 
versus non-impaired survival at 2 years.

Results  The primary analysis with three mutually exclusive responses (healthy, death, composite outcome for impair‑
ment) will be on the intention-to-treat (ITT) population by a generalized logits model according to Bishop, Fienberg, 

*Correspondence:
Corinna Engel
Corinna.Engel@med.uni-tuebingen.de
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13063-023-07828-6&domain=pdf
http://orcid.org/0000-0002-8565-6986


Page 2 of 13Engel et al. Trials           (2024) 25:81 

Holland (Bishop YF, Discrete Multivariate Analysis: Therory and Practice, 1975) and .”will be stratified for the two treat‑
ment groups.

Discussion  The statistical analysis for the ALBINO study was defined in detail in the study protocol and implemented 
in this statistical analysis plan published prior to any data analysis. This is in accordance with the Declaration of Hel‑
sinki and the International Conference on Harmonization Good Clinical Practice guidelines.

Trial registration  ClinicalTrials.gov NCT03162653. Registered on 22 May 2017.

Keywords  Allopurinol, Neonatal oxygen deficiency, Hypothermia therapy, Childbirth outcome, Hypoxic-ischemic 
encephalopathy, Perinatal asphyxia, Brain injury, Cerebral palsy

Introduction
During labor and childbirth various events (such as pla-
cental abruption, uterine rupture, umbilical cord compli-
cations, etc.) may result in impaired oxygenation and/or 
perfusion of the newborn brain which may result in brain 
injury termed “hypoxic-ischemic encephalopathy” (HIE) 
(reviewed in [14]). HIE is associated with long-term 
motor, cognitive, and neurosensory disability, seizure 
disorders, and death and is one of the fundamental prob-
lems in perinatal medicine affecting about 5000–20,000 
infants/year in Europe (or 1–4/1000 live births in West-
ern societies) and approximately 1 million infants/year 
worldwide.

In recent years, therapeutic hypothermia became the 
only established therapy to improve outcomes after 
perinatal HIE. Despite hypothermia and modern sup-
portive neonatal intensive care, 45–50% of children with 
moderate or severe HIE (i.e., 2500–10,000 infants per 
year in Europe) still die or suffer from long-term neu-
rodevelopmental impairments [4]. Therefore, additional 
neuroprotective interventions, besides hypothermia, are 
warranted to further improve outcomes.

Allopurinol is a xanthine oxidase inhibitor and reduces 
the degradation of purines (especially adenosine) and the 
production of oxygen radicals and, subsequently, reduced 
brain damage in experimental and early human studies of 
ischemia and reperfusion.

This paper describes the statistical analysis plan to eval-
uate the efficacy and safety of allopurinol administered 
immediately after birth to near-term infants with perina-
tal asphyxia and early potential signs of HIE to attenuate 
long-term neurodevelopmental impairment.

The study protocol version 5 of the ALBINO study 
was published previously [7]. The statistical analysis 
was predefined in detail in the study protocol. Substan-
tial changes were made concerning the analysis of the 
primary endpoint in version 6 and the definition of an 
interim analysis in version 7 of the study protocol. Any 
deviation from the originally planned statistical analysis 
was described within protocol amendments and accepted 
by ethics committees and national regulatory authori-
ties. The statistical analysis plan (SAP) conforms with the 

guidelines for the content of statistical analysis plans in 
clinical trials [5]], please refer to checklist in supplemen-
tary material. This SAP includes the interim and the final 
analysis and describes the analysis principles, definition 
of outcomes, and methods for their analyses.

Background information
Rationale
Perinatal hypoxic/ischemic events can cause immediate 
(necrosis) and delayed death (apoptosis) of (especially 
neuronal) cells, the latter responsible for a substantial 
amount of HIE-associated permanent brain damage. 
Whereas no intervention is known to prevent necrosis, 
the delayed cell death by apoptosis can be reduced by 
therapeutic interventions:

Apoptosis is in part caused by secondary energy failure 
which can be reduced by hypothermic treatment [6, 4, 
13].

Apoptosis is also caused by xanthine oxidase-medi-
ated production of cytotoxic oxygen radicals during 
reperfusion, and there is evidence that allopurinol, a 
xanthine-oxidase inhibitor, reduces delayed cell death in 
animal models of perinatal asphyxia and ischemia/reper-
fusion [9, 15, 3]. Allopurinol, a xanthine-oxidase inhibi-
tor, blocks purine degradation. It also seems to result 
in the accumulation of adenosine during hypoxia, since 
allopurinol treatment increases brain tissue levels of 
adenosine after hypoxic-ischemic injury [8]. Adenosine 
is a potent inhibitory neuromodulator providing addi-
tional neuroprotection in HIE. In higher concentrations, 
allopurinol acts as an iron chelator and direct scavenger 
of free radicals [12]. Allopurinol pretreatment preserves 
cerebral energy metabolism as shown by 31P NMR dur-
ing perinatal hypoxia-ischemia in immature rats [17], and 
thus prevents cerebral damage [9].

The evidence for a potential neuroprotective effect of 
allopurinol and the preclinical and early clinical studies 
on allopurinol for HIE have been reviewed [1]. The sug-
gested neuroprotective effect is the basis of the ALBINO 
study, which has been described in detail in the publica-
tion of the study protocol [7].
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Objectives
The primary objective of the ALBINO trial is to deter-
mine whether in newborns with perinatal asphyxia 
and early clinical signs of HIE, early postnatal allopu-
rinol compared to placebo administered in addition to 
standard of care (including therapeutic hypothermia if 
indicated) reduces the incidence of death or severe neu-
rodevelopmental impairment (defined as cerebral palsy, 
or cognitive or language impairment) at 24 months of 
age.

The secondary objectives are to evaluate the effect of 
allopurinol in addition to hypothermia (if indicated) on 
biomarkers such as:

•	 Brain injury assessed by magnetic resonance imag-
ing

•	 Brain injury assessed by (amplitude integrated) 
electroencephalogram

Trial design
This is an investigator-initiated, randomized, placebo-
controlled, (double-)blinded, multi-national, parallel-
group comparison for superiority (phase III study) of 
allopurinol compared to placebo in preventing death or 
neurodevelopmental impairment at 24 months postna-
tal age in infants with perinatal asphyxia and early signs 
of evolving HIE. Essential components of its study pro-
tocol have been published [7] and, subsequently, a pro-
tocol amendment introducing an interim analysis after 
300 included infants reached 24 months postnatal age 
was approved by ethics committees and authorities in 
2023.

Eligibility
Inclusion criteria
Term and near-term infants with a history of disturbed 
labor who meet at least one criterion of severe perinatal 
acidosis (or ongoing resuscitation) (as a surrogate for 
“asphyxia”) are considered eligible for this study.

Criteria for severe perinatal acidosis are defined as

•	 Umbilical (or arterial or reliable venous) blood gas 
within 30 min after birth with pH < 7.0

•	 Umbilical (or arterial or reliable venous) blood gas 
within 30 min after birth with base deficit ≥  16 
mmol/l (i.e., a base excess ≤ − 16 mmol/l)

•	 Need for an ongoing cardiac massage at/beyond 5 
min postnatally

•	 Need for adrenalin administration during resuscita-
tion

•	 APGAR score ≤ 5 at 10 min

Additionally, at least two out of the following four 
criteria of evolving HIE must be met:

•	 Altered state of consciousness (reduced or absent 
response to stimulation or hyperexcitability)

•	 Severe muscular hypotonia or hypertonia,
•	 Absent or insufficient spontaneous respiration (e.g., 

gasping only) with the need for respiratory support at 
10 min postnatally

•	 Abnormal primitive reflexes (absent suck or gag or 
corneal or Moro reflex) or abnormal movements 
(e.g., potential clinical correlates of seizure activity)

Exclusion criteria

•	 Gestational age below 36 weeks
•	 Birth weight below 2500 g
•	 Postnatal age >30 min at the end of the screening 

phase
•	 Severe congenital malformation or syndrome requir-

ing neonatal surgery or affecting long-term outcome
•	 Patient considered “moribund”/“non-viable” (e.g., 

lack of spontaneous cardiac activity and ongoing 
chest compression at 30 min)

•	 Decision for “comfort care only” before study drug 
administration

•	 Parents declined study participation as a response to 
measures of community engagement

•	 Both parents are insufficiently fluent in the study 
site’s national language(s) or English or do not seem 
to have the intellectual capacity to understand the 
study procedures and to give consent as judged by 
the personnel who had been in contact with the 
mother/father before delivery.

•	 Both parents/guardians less than 18 years of age, in 
case of single parent/guardian this one less than 18 
years of age

Interventions
Allopurinol, as a powder for injection (PFI), is adminis-
tered in two doses. The first dose (20 mg/kg in 2 ml/kg 
sterile water for injection) is given as soon as intravenous 
access is established. The start of infusion of study medi-
cation should be within 30  min (no later than 45  min) 
after birth and the second dose (10mg/kg in 1ml/kg ster-
ile water for injection) 12 ± 0.5 h after the (beginning 
of the infusion of the) first dose. The second dose will 
only be administered to infants treated with therapeutic 
hypothermia. Infants who recover quickly and do not 
qualify for and hence do not undergo hypothermia do 
not receive a second dose. Administration is by infusion 
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over 10 min using a syringe pump through secure venous 
access.

Mannitol infusion, as a powder for injection (PFI), is 
given as a placebo treatment. Dosing and application are 
the same as for allopurinol, that is 20 mg/kg in 2 ml/kg 
sterile water given as soon as intravenous access is estab-
lished (within 45  min after birth) followed by a second 
dose (10 mg/kg in 1 ml/kg sterile water) — administered 
over 10 min using a syringe pump through secure venous 
access, where the second dose is only given in infants that 
were treated with therapeutic hypothermia.

Definition of primary and secondary outcomes
Primary outcome
The primary endpoint is defined as three mutually exclu-
sive outcomes: survival with neurodevelopmental impair-
ment (NDI, defined as cerebral palsy or severe cognitive 
and/or language delay at 2 years) or death or survival 
without NDI at 2 years postnatal age.

Secondary outcomes

•	 Death or survival with NDI versus survival with-
out NDI (primary endpoint will be reconstituted as 
dichotomized composite secondary outcome — sur-
vival without NDI versus Death or NDI)

•	 Posterior probability that treatment is better than 
placebo concerning the rate of healthy survivors 
(survival without NDI), estimated using a Bayesian 
approach.

•	 Incidence of Death
•	 Incidence of cerebral palsy (CP)
•	 Gross motor function classification system 

(GMFCS)-Score
•	 Motor-Composite-Score of the Bayley III
•	 Cognitive-Composite Score of the Bayley III
•	 Language-Composite Score of the Bayley III

Further relevant endpoints

•	 Anthropometric measures, neurological status, mile-
stones, seizure activity, as well as visual and hearing 
impairment at 2-year follow-up (in detail: cognitive 
and language score of PARCA-R-questionnaire, pro-
gress concerning weight, head circumference and 
length, incidence of severe visual and hearing impair-
ment, neurological status, milestones at follow-up 
concerning right and left hand as well as leg control 
and speech, incidence of persisting seizure activity 
and need for anticonvulsive therapy)

•	 Results of central reading of magnetic resonance 
Imaging (MRI) (in detail: Weeke scores [16] and 
ADC-map-measurement)

•	 Results of central reading of electroencephalogram 
(EEG) epochs 0–12, 12–24 h, 24–48 h, 48–72 h, and 
72–96 (in detail: most abnormal background pattern, 
dominant background pattern, seizure activity, time 
from birth until onset of any appreciable sleep-wake 
cycling, time from birth until onset of fully developed 
sleep-wake cycling, time from birth until onset of 
first normalization of aEEG trace)

Level of significance
The intention-to-treat (ITT) population is the basis for 
the confirmatory analysis of the primary endpoint with a 
significance level of 0.001 in the interim analysis and 0.05 
in the final analysis (according to Peto/Haybittle [10]). 
The analysis of the primary endpoint is based on the PP 
population and all analyses of secondary and further end-
points are descriptive and will be regarded as remarkable 
if p < 0.05.

Sample size and power
An incidence of death or severe NDI of 27% in the 
Allopurinol group compared to 37% in the control 
group is expected. A total of 682 infants (341 per treat-
ment group) will be required in whom the primary out-
come can be ascertained. Assuming a drop-out rate of 
10% for loss to follow-up, a total of 760 infants need to 
be enrolled with formal written consent. Assuming that 
10% of parents will refuse continuing participation after 
the initial dose of the study drug (following short oral or 
deferred consent procedures, depending on the coun-
try) 846 infants have to be randomized immediately after 
birth.

Intervention allocation and blinding
Clinicians, caregivers, and trial outcome assessors are 

masked.
Randomization lists have been prepared by the CPCS 

and were sent to ACE Pharmaceuticals for blinded labe-
ling and packaging of the study medication. Randomiza-
tion has been done in blocks of four in a 1:1 ratio, with 
an equal number of patients in each treatment arm. Each 
shipment of study medication to study centers comprised 
complete blocks of 4, thereby achieving stratification by 
center and allocation concealment.

Justification:
Although a variable block size would have been desira-

ble for best allocation concealment, a fixed block size of 4 
was selected for the prevention of an uneven distribution 
of verum/placebo in this study with a low anticipated 
recruitment rate per center (on average < 10–15) — as 
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well as for practical reasons of study medication distribu-
tion to numerous study sites.

Stratification for therapeutic hypothermia — although 
desirable — was impossible, because the clinical indica-
tions for therapeutic hypothermia evolve with time and 
may not be apparent at the 1st dose of study medication.

Data collection schedule
Data are collected in electronic case record forms 
(eCRFs) into the study’s secuTrial® electronic database by 
the staff of each participating center.

The eCRFs to be completed are as follows:

•	 Screening
•	 Randomization and first dose of study medication
•	 Full written informed consent
•	 Baseline — infant data
•	 Baseline — maternal data
•	 Hypothermia treatment and 2nd dose of study medi-

cation
•	 Thompson score at 1–6 h and 84–106 h or discharge 

(whichever comes first)
•	 Blood gas analysis

•	 Cell injury markers and documentation of hypere-
osinophilia

•	 Medication before or during aEEG and mchEEG 
measurement

•	 Neonatal outcome until day 14
•	 Discharge
•	 Follow-up (Overall, Bayley, Parent Questionnaires1)
•	 End of study
•	 Adverse events

The following documentation will be done in the 
respective eCRFs after central assessment by the respec-
tive staff (Table 1):

•	 MRI central reading
•	 aEEG central reading
•	 Cerebral ultrasound (0–24 h, 48–72 h, 96–120 h)
•	 Peroxidase products (blood)
•	 Peroxidase products (urine)
•	 S100B and inflammasome-mediated cytokines

Table 1  Study examinations and data collection

Procedure Initial hospitalization Outpatient

Time range from birth 0–24 h At a predefined time 
before discharge

discharge 2 years

Screening ✓
Randomization and first dose of study medication ✓
Full written informed consent ✓
Baseline — infant data ✓
Baseline — maternal data ✓
Hypothermia treatment and 2nd dose of study medication ✓
Thompson score at 1–6 h and 84–106 h or discharge (whichever 
comes first)

✓ ✓

Blood gas analysis ✓✓
Cell injury markers and hypereosinophilia √  ✓
Neonatal outcome until day 14  ✓
aEEG (in case of hypothermia until 84 h) ✓
mchEEG  ✓
Peroxidase products, blood ✓✓
Peroxidase products, urine ✓✓
Head ultrasound ✓ ✓✓
S100B and inflammasome-mediated cytokines ✓ ✓
MRI ✓
Discharge ✓
Adverse events Continuously
Follow-up ✓
End of study ✓

1  Paper version of PARCA-R questionnaire will be filled by parents and 
inserted into the eCRF by the staff of each center.
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Regular safety reporting to the DMC
Safety reporting to the data monitoring committee 
(DMC) is done after 10, 30, 50, 100, 200, 300, 400, and 
600 patients have reached 44 weeks postmenstrual age 
(PMA).

The following safety parameters are reported and were 
predefined in the study protocol and described in detail 
in the DMC charter:

•	 Patient characteristics (birth weight, gestational age 
at birth, gender, umbilical artery pH and lactate)

•	 Compliance with the protocol (1st dose of study 
medication (age at start of administration and admin-
istered dose), 2nd dose of study medication (adminis-
tered dose and interval after 1st dose)

•	 Safety parameters (mortality, HIE severity, blood gas 
analyses at 0.5–6 h/6 to 12 h/12 to 24 h after birth, 
cell injury markers and plasma osmolality at 24  h 
± 6 h after birth, results of portal vein ultrasound in 
the subgroup of patients with administration of med-
ication through umbilical venous catheter, potential 
clinical/laboratory signs of allopurinol hypersensi-
tivity reactions, organ failure until day 14 after birth 
or discharge home (whichever comes first), clinical 
seizures, health status, support on discharge, MRI — 
Weeke scores)

•	 Listings and aggregate summary tabulation of 
adverse reactions and adverse events

Interim analysis and stopping rules
No interim analysis was intended at the beginning of the 
study due to the fact that the primary endpoint will be 
determined at 2 years follow-up, and recruitment should 
have been already terminated before 50% of recruited 
infants have reached 2 years of age according to the origi-
nal recruitment plan.

A protocol amendment (protocol version 7) approved 
in 2023 defined an interim analysis after 300 patients had 
reached follow-up within 2 years. Interim Analysis will 
be done according to Peto/Haybittle [10]) on a two-sided 
level of significance of 0.001, leaving a two-sided level of 
significance of 0.05 for the final analysis.

Depending on the result of the interim analysis, the 
study will be stopped or continued according to prede-
fined criteria:

1)	 In the event that the null hypothesis of equal pro-
portions of primary endpoint in the two groups is 
rejected (based on a two-sided p-value <0.001), the 
trial statistician will recommend immediate stop of 
recruitment.

2)	 Also, in the event that the point estimate for the rate 
of the primary outcome “survival without severe neu-
rodevelopmental impairment” is exactly equal for the 
experimental group compared to the placebo group, 
the trial statistician will recommend an immediate 
stop of recruitment for the futility of the trial.

3)	 In all other cases, the results will be reported directly 
to the members of the independent DMC with data 
being identified as Group A or Group B first. The 
DMC may request unblinding.

The DMC will decide about whether or not to advise 
the steering committee to discontinue the study. “Pro‑
posed” decisions depending on the results of the interim 
analysis of the primary outcome are listed in Table 2 (for 
guidance), but safety data will additionally be considered 
and biomarker data may be taken into account.

No adjustment of the significance level due to interim 
analysis will be done.

In addition to the analysis of the primary endpoint, the 
DMC will be provided with the data usually included in 
DMC reports (refer to section “DMC reporting”).

Table 2  Proposed decisions depending on results of the interim analysis of the primary outcome

a No. of patients with primary endpoint ascertained to be analyzed for confirmatory analysis (power 80%)

Result of interim analysis Resulting new sample sizea Proposed recommendation

Risk reduction in the experimental group much smaller 
than expected before the start of the study.

> 780 Immediate discontinuation of recruitment, 
because sample size cannot be reached with the avail‑
able resources.

Risk reduction in the experimental group smaller 
than expected before the start of the study.

> 680–780 (resulting in a prolonga‑
tion of recruitment of about one 
year)

Consider to extend recruitment according to the new 
sample size.
No protocol amendment needed due to prolongation 
of at maximum 1 year.

Risk reduction in the experimental group as expected 
before the start of the study.

680 Continue to full pre-defined sample size.

Risk reduction in the experimental group higher 
than expected before the start of the study.

<680 Continue recruitment until actually needed (reduced) 
sample size is reached.
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If the DMC recommends to continue the study, the 
detailed results of the interim analysis will not be com-
municated to any person directly involved in the conduct 
of the trial until the final analysis will be done.

Trial reporting
The trial will be reported according to the CONSORT 
principles [11]. The final analysis will be done after a 
2-year follow-up of the last patient.

Protocol non‑compliances
Regular remote and on-site monitoring according to a 
predefined monitoring manual ensures high quality of 
the data. The following protocol non-compliances will be 
listed in the final report:

Major

•	 Any protocol deviation that may influence the results 
of the study

•	 This may include the following deviations from the 
protocol that will lead to exclusion from the per-pro-
tocol population:

•	 Participants randomized in error, i.e., not fulfilling all 
inclusion or fulfilling an exclusion criterion

•	 Time to administration of 1st dose exceeded 45min 
postnatally

•	 Deviation of actually administered dose by more than 
10% from the intended dose

•	 Any open-label allopurinol

Minor

•	 Protocol deviations that will likely not influence study 
results (e.g., incorrect timing of a brain ultrasound/
blood sample)

Treatment non‑compliances

•	 Timing and dose of study medication, are subject to 
source data verification by monitoring.

•	 Participants in whom the above-listed major protocol 
deviations occurred will be excluded from the per-
protocol population

Analysis populations
Post‑randomization exclusions
No post-randomization exclusions will be done except 
for the case that there would be a patient for whom 
fraudulent data are detected.

Population definitions

Intention‑to‑treat population  The intention-to-treat 
population (ITT) will be all patients included in the study. 
Patients for whom informed consent was withdrawn will 
be included in the analysis with all their data that were 
collected before the withdrawal of consent.

Interim analysis population  The interim analysis will 
include all randomized patients with the date of birth 
before the pre-defined reference date minus 24 months.

Safety population  The safety population consists of all 
patients included in the study.

Descriptive analyses
Numerical items will be summarized as number, num-
ber missing, mean, standard deviation, minimum, q25, 
median, q75, and maximum, if appropriate. Categorical 
items will be summarized as numbers and percentages.

Representativeness of the trial population 
and participants throughout
Participant’s flow through each stage of the study will be 
presented in a CONSORT scheme.

Baseline characteristics of treatment groups
Baseline characteristics of infants and their mothers will 
be described for the ITT population stratified for the 
treatment group. The characteristics presented are:

Mother’s baseline characteristics

•	 Age in years
•	 Maternal ethnic background
•	 Pregnancy-related items (diabetic condition, hyper-

tensive disorder, pathological umbilical or Doppler 
examination)

•	 Delivery-related items (mode of delivery, general 
anesthesia before delivery, clinical chorioamnionitis, 
uterine rupture, placental abruption, cord complica-
tions, other complications

Infant’s characteristics at trial entry

•	 Demographic data (gender, place of birth)
•	 Basic infant data (birthweight, head circumference, 

length at birth, APGAR score at 5 and 10 min, late 
umbilical cord clamping or milking of the cord)
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•	 Blood gas analysis (pH, lactate, base excess)
•	 Delivery room and NICU data (body temperature on 

admission to NICU/neonatal ward, duration of bag 
and mask ventilation — if done, age at ET-tube place-
ment — if done, age at the resumption of spontane-
ous respiration if resumed in the delivery room, age 
at return of sufficient spontaneous circulation if in 
the delivery room, cumulative dose of crystalloid vol-
ume, colloid volume, erythrocyte concentrate, adren-
alin, and bicarbonate — if any, suspected meconium 
or blood aspiration, suspected sepsis)

Losses to follow‑up
The primary endpoint will be assessed at follow-up 
within 2 years. We expect a certain proportion of patients 
that will withdraw their informed consent or be lost to 
follow-up. To avoid losses to follow-up several other 
sources for information on neurodevelopmental out-
comes besides regular follow-up at the study center and 
the performance of the Bayley III examination will be 
taken into account (refer to the “Primary endpoint” sec-
tion and Fig. 1).

Comparative analyses
According to the intention-to-treat principle infants will 
be analyzed according to the treatment group they were 
randomized to, regardless of the treatment they may have 
received.

Numerical items will be summarized as number, num-
ber missing, mean, standard deviation, minimum, 25% 
quantile, median, 75% quantile, and maximum, if appro-
priate. Categorical items will be summarized as numbers 
and percentages.

Comparative analyses will be stratified for the treat-
ment group only. Due to the fact that there are so many 
centers participating in this study, the analyses will not be 
stratified for centers. This is in accordance with ICH E9 
for multicenter trials if it is recognized from the start that 
the limited numbers of subjects per center will make it 
impracticable to include the center effects in the statisti-
cal models.

Detailed definition of outcomes
The primary outcome is composed by cognitive and lan-
guage development, motor development, and survival 
status at the age of 2 years.

The assessment of motor development is based on 
the presence or absence of cerebral palsy (CP). CP 
is diagnosed if the child has a non-progressive motor 
impairment characterized by abnormal muscle tone 
and impaired range or control of movements, accord-
ing to the criteria defined by the European network 

“Surveillance of CP in Europe.” A severely abnormal 
neurological status is classified as unilateral spastic CP, 
bilateral spastic CP, ataxic CP, dyskinetic CP, or no CP, 
but other severe abnormality.

To avoid missing data the following hierarchy applies:

a)	 Neurological classification by the study team indi-
cates cerebral palsy

b)	 Assessment of motor/neurological development by 
other health care professionals or other sources (i.e., 
parents) indicates cerebral palsy

Cognitive and language development is based on the 
presence or absence of an abnormal cognitive and/
or language development assessed by the cognitive-
composite-score and the language-composite-score on 
the Bayley Scales of Infant and Toddler Development 
(3rd edition). An abnormal development is defined as a 
composite score of < 85 in at least one of the two scales.

To avoid missing data the following hierarchy applies:

a)	 Bayley III: Composite cognition score and/or lan-
guage cognition score < 85

b)	 Explanation why composite cognition and/or lan-
guage score has not been provided despite Bayley III 
having been attempted is indicating abnormal cogni-
tive and/or abnormal language development

c)	 Bayley II: mental development index (MDI) < 85
d)	 Rating done by health care professional: other test, 

assessment, or reason for no test indicates abnormal 
cognitive and/or abnormal language development

e)	 PARCA-R (documented by parents) with language 
and/or cognition standardized score <85

f )	 Rating done by other source, i.e., parents: other test, 
assessment, or reason for no test indicates abnormal 
cognitive and/or abnormal language development

g)	 Other parental questionnaire results indicate abnor-
mal neurodevelopment

The hierarchy of the definition of the primary end-
point is displayed in Fig. 1.

Detailed derivations of all other outcomes are 
described in a separate document.

Primary analysis
Primary endpoint with three mutually exclusive 
responses (healthy, death, composite outcome for 
impairment) will be analyzed — stratified for the two 
treatment groups — by a generalized logits model 
according to Bishop, Fienberg, Holland [2] with SAS 9.4 
procedure proc catmod within the intention-to-treat 
(ITT) population.
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Secondary analysis
Secondary endpoints will be analyzed by the Cochrane-
Mantel-Haenzel-χ2-test in case of categorial binary 
data and by the Wilcoxon-Mann-Whitney test in case 
of score data. Bayley-III-scores will be cut due to lack 
of sensitivity below 50 points and therefore only fit for 
non-parametric methods.

Bayesian approach will be done by SAS 9.4 procedure 
proc genmod.

Analysis of further relevant endpoints
Further relevant endpoints will be analyzed by the 
Cochrane-Mantel-Haenzel-χ2-test in the case of catego-
rial binary data. Numerical endpoints will be analyzed 

Fig. 1  Definition of primary endpoint. If data are not available for the first level of definition, the second level applies, and so on. NDI, 
neurodevelopmental impairment
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using parametric or non-parametric methods as appro-
priate. The proportional odds model will be applied for 
the analysis of non-binary categorial endpoints.

Multivariate analyses
Multivariate analyses of the primary endpoint will be 
done including gender, postnatal age at administration of 
a first dose of study medication (< 15 min after birth vs. 
16–30 min after birth vs. >30 min after birth), encepha-
lopathy, where the degree of HIE severity will be derived 
from the Thompson Score assessed at 3–6  h (before 
hypothermia) and the initial aEEG findings (first epoch 
and before any brain-acting medication and/or hypother-
mia), need for therapeutic hypothermia (yes versus no).

Analysis will be performed by a generalized logits 
model according to Bishop, Fienberg, Holland [2] with 
SAS 9.4 procedure proc catmod, adjusted for the treat-
ment group.

The final multivariate model will only include those 
risk factors with p-value <0.05. These will be checked for 
interactions one interaction term at a time. A term will 
suggest an interaction if it reveals a p-value <0.05.

Appropriate subgroup analyses will be performed 
if these multivariate analyses suggest an interaction 
between the intervention and one of the risk factors. 
These post-hoc subgroup analyses are meant to be 
exploratory (hypotheses generating).

Significance levels and adjustment of p‑values 
for multiplicity
All analyses will be done to assess the superiority of the 
study medication compared to placebo treatment. Only 
the result of the analysis of the primary endpoint in the 
intention-to-treat population will be regarded to be con-
firmative. Consequently, no adjustment of p-values for 
multiplicity will be done.

Missing data and sensitivity analysis
In case of more than 10% missing values after hierarchi-
cal substitution of data concerning the primary outcome 
as described in the “Detailed definition of outcomes” sec-
tion and Fig.  1, a worst case/best case analysis for this 
endpoint will be performed in the intention-to-treat pop-
ulation as sensitivity analyses and results will be included 
in the final report.

No imputation will be done for secondary or further 
relevant endpoints.

Statistical software employed
SAS 9.4 will be used for all analyses.

Additional exploratory analysis
Analyses not specified in the study protocol and the 
statistical analysis plan will be exploratory in nature 
and have to be defined in a separate statistical analysis 
plan. Any post hoc analysis requested by the DMC, a 
journal editor, or anyone else will be labeled explicitly 
as such.

Discussion
This article presents the statistical analysis plan for the 
ALBINO study which has been described in detail in the 
study protocol and has been substantially changed twice 
by choosing a more powerful analysis strategy for the pri-
mary outcome and by defining an interim analysis. Both 
substantial changes were included in protocol amend-
ments, approved by ethics committees and national 
authorities, and implemented before any analysis was 
started.

Strengths
This is a state-of-the-art randomized trial in a challeng-
ing indication and study population. Even if closed after 
interim analysis, the Albino study will be one of the larg-
est studies so far to evaluate the efficacy and safety of 
pharmaceutical intervention to improve long-term out-
comes after perinatal asphyxia in the era of therapeutic 
hypothermia and the only one that faced the challenge 
of administration of study medication immediately after 
birth. This study will give valuable insight into the appli-
cation of biomarkers for HIE and the effect of allopurinol.

Limitations
The limitations of the study are the struggle with several 
problems concerning approval by national authorities 
and the down-scaling of allopurinol to achieve a pediatric 
formulation. This caused a delayed start of the recruit-
ment. Additionally, recruitment has been very slow due 
to a limited number of suitable inborn patients at the 
participating almost 70 trial sites and the fact that in the 
majority of sites short oral consent by at least one parent 
has to be achieved within the first 45 min after birth. Due 
to limited resources, this may necessitate preterm termi-
nation of the study before reaching the calculated sample 
size potentially preventing conclusive results.

Trial status
At present, the study has been registered at www.clini-
cal.trials.gov (NCT03162653, on May 22, 2017) and the 
study protocol has been published [7]. The first patient in 
was on March 27, 2018, and the status of recruitment is 
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at 460 patients recruited and 300 recruited patients have 
reached 2 years’ postnatal age.

Deviation from analysis described in protocol
None yet.
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