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Abstract

Background Preterm infants are at high risk for retinopathy of prematurity (ROP), with potential life-long visual
impairment. Low fetal hemoglobin (HbF) levels predict ROP It is unknown if preventing the HbF decrease also
reduces ROP.

Methods BORN is an ongoing multicenter double-blinded randomized controlled trial investigating whether
transfusing HbF-enriched cord blood-red blood cells (CB-RBCs) instead of adult donor-RBC units (A-RBCs) reduces
the incidence of severe ROP (NCT05100212). Neonates born between 24 and 27 + 6 weeks of gestation are enrolled
and randomized 1:1 to receive adult donor-RBCs (A-RBCs, arm A) or allogeneic CB-RBCs (arm B) from birth to the
postmenstrual age (PMA) of 31 +6 weeks. Primary outcome is the rate of severe ROP at 40 weeks of PMA or discharge,
with a sample size of 146 patients. A prespecified interim analysis was scheduled after the first 58 patients were
enrolled, with the main purpose to evaluate the safety of CB-RBC transfusions.
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Results Results in the intention-to-treat and per-protocol analysis are reported. Twenty-eight patients were in arm A
and 30 in arm B. Overall, 104 A-RBC units and 49 CB-RBC units were transfused, with a high rate of protocol deviations.
A total of 336 adverse events were recorded, with similar incidence and severity in the two arms. By per-protocol
analysis, patients receiving A-RBCs or both RBC types experienced more adverse events than non-transfused patients
or those transfused exclusively with CB-RBCs, and suffered from more severe forms of bradycardia, pulmonary
hypertension, and hemodynamically significant patent ductus arteriosus. Serum potassium, lactate, and pH were
similar after CB-RBCs or A-RBCs. Fourteen patients died and 44 were evaluated for ROP. Ten of them developed severe
ROP, with no differences between arms. At per-protocol analysis each A-RBC transfusion carried a relative risk for
severe ROP of 1.66 (95% Cl 1.06-2.20) in comparison with CB-RBCs. The area under the curve of HbF suggested that
HbF decrement before 30 weeks PMA is critical for severe ROP development. Subsequent CB-RBC transfusions do not

lessen the ROP risk.

adopted, might protect them from severe ROP.

Conclusions The interim analysis shows that CB-RBC transfusion strategy in preterm neonates is safe and, if early

Trial registration Prospectively registered at ClinicalTrials.gov on October 29, 2021. Identifier number NCT05100212.
Keywords ELGAN, ROP, Transfusions, HbF, Umbilical blood, Randomized controlled trial

Background

Progressive improvements in obstetric and neonatal care
have yielded significant decreases in mortality of pre-
term infants, particularly for those born at 23—-25 weeks
of gestational age [1]. Nonetheless, there are concerns
regarding long-term morbidities faced by the surviv-
ing infants [2]. Among various complications, the inci-
dence of retinopathy of prematurity (ROP) has recently
remained stable or even increased [3, 4]. ROP is a lead-
ing cause of childhood blindness and significantly influ-
ences neurodevelopmental outcomes of affected patients
[5, 6]. The pathogenesis of ROP involves abnormal angio-
genesis in the immature retina, with low gestational age
and birth weight as primary risk factors [7]. An associa-
tion between fetal hemoglobin (HbF) reduction and ROP
incidence was also reported, likely explaining the connec-
tion between red blood cell (RBC) transfusions and ROP
[8-10].

RBC transfusions are acknowledged causes of oxida-
tive stress in preterm neonates. Following RBC transfu-
sions, non-transferrin bound iron has been reported to
increase in preterm but not in term neonates [11]. Simi-
larly, after transfusions, a raise of markers of hemoly-
sis, inflammation and endothelial cell activation occurs
[12-14]. In comparison with non-transfused similar-
age neonates, preterm neonates receiving repeated RBC
transfusions experience prolonged exposure to adult
hemoglobin (HbA) [15, 16]. The lower oxygen affinity of
HbA compared to HbF likely perturbs physiological oxy-
gen delivery to developing organs and tissues and was
proposed to play a role in ROP development and pro-
gression [17]. Accordingly, preterm neonates with lower
HbF show significantly higher oxidative stress biomark-
ers levels [18]. Allogenic cord blood (CB) collected from
full-term deliveries is a suitable source of HbF-enriched
RBCs (CB-RBCs) for transfusion into preterm neonates.

In a pilot proof-of-concept study enrolling extremely low
birth weight neonates, CB-RBC concentrates increased
Hb levels as well as RBC concentrates from adult donors
(A-RBCs), without decreasing HbF levels [19].

BORN is a randomized, multi-center, double-blinded,
controlled trial to assess whether transfusing CB-RBCs,
instead of A-RBCs, reduces the incidence of severe ROP
in extremely low gestational age neonates (ELGANS, i.e.,
neonates born at less than 28 weeks of gestation) [19].
The current study reports the results of the prespecified
interim analysis on the safety of this transfusion strat-
egy and, secondarily, on the efficacy in preventing severe
ROP.

Methods

Study aim, design and participants

BORN is an ongoing randomized, multi-center, double-
blinded, controlled trial investigating CB-RBC instead
of A-RBC transfusion to reduce the incidence of severe
ROP. A detailed version of the study protocol has been
previously published [20]. Inclusion criteria are birth at a
gestational age (GA) between 24+0 and 27 +6 weeks and
signed informed consent of parents or legal representa-
tives. Out-born infants are suitable for enrolment only
if not previously transfused. Exclusion criteria include
maternal-fetal immunization, hydrops fetalis, major con-
genital malformations associated, or not, with genetic
syndromes [21], previous transfusions, hemorrhage at
birth, congenital infections, and the health care team
deeming it inappropriate to approach the infant’s fam-
ily for informed consent. The study is approved by the
Ethics Committee of Fondazione Policlinico A. Gemelli
IRCCS (ID 4364, Prot. N. 003590/21) and of all partici-
pating centers, and is registered at https://clinicaltrials.
gov (NCT05100212).
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Enrollment, randomization and masking

Neonates are enrolled at NICU admission and random-
ized 1:1 to receive either standard A-RBCs (Arm A,
control) or CB-RBCs (Arm B, intervention) until the
post-menstrual age (PMA) of 31+6 weeks, with subse-
quent transfusions consisting of only standard A-RBCs.
Twins are assigned to the same arm [22]. If compat-
ible CB-RBC units are not available, A-RBC units are
assigned. RBC types are given according to the arm
allocation until the PMA of 31+6 weeks. The allocation
sequence is generated using both stratifications for cen-
ter and gestational age (<or =26 weeks), and permuted
blocks with random block sizes and block order, using
the NCSS 2020 Statistical Software 2020 (NCSS, LLC.
Kaysville, UT, USA, ncss.com/software/ncss). The allo-
cation table is not disclosed to ensure concealment, and
randomization is provided through the Research Elec-
tronic Data Capture (RedCap) (RRID: SCR_003445) elec-
tronic data capture tool, hosted at Fondazione Policlinico
Universitario A. Gemelli, IRCCS (https://redcap-irccs.
policlinicogemelli.it/). Randomization is performed by
the blood bank medical staff; treating neonatologists are
unaware to which arm neonates were assigned. To con-
ceal the type of blood product, A-RBCs and CB-RBCs are
distributed to neonatal intensive care units (NICUs) in
the same type of bags (CompoFlex 4 F RCC storage pedi-
atric bags).

Intervention and control description

Enrolled patients receive standard A-RBCs (Arm A,
control) or allogenic CB-RBCs (Arm B, intervention).
CB units are provided from public cord blood banks
belonging to the Italian Cord Blood Bank Network, and
processed into CB-RBC concentrates according to a
standardized procedure detailed in the protocol study
[20]. Both CB-RBC and A-RBC concentrates are pre-
storage leukodepleted and prepared in compliance with
quality standards required by Italian regulations and
European guidelines. CB-RBC units are proved negative
for bacterial and fungal contamination before distribu-
tion. All units are matched for ABO/RhD antigens, and
y-irradiated at the time of distribution. Transfusion ther-
apy is managed according to Italian transfusion guide-
lines, and erythropoietin is administered as per center
procedure [22].

Study outcome

The primary outcome of BORN is the incidence of
severe ROP (stages 3 or higher according to Interna-
tional Classification criteria) [23] in the CB-RBC and
A-RBC arms at discharge or at 40 weeks of PMA,
whichever occurs first. ROP assessment is performed
through indirect ophthalmoscopy, and RetCam imag-
ing is used to confirm the diagnosis and to monitor
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disease status and treatment. According to the primary
outcome, a sample size of 146 patients (73 per arm)
was estimated. Due to the innovative type of the inter-
vention, an interim analysis was planned after the first
58 patients were randomized, to confirm the safety of
CB-RBC transfusion in ELGANS.

Data collection

Data are collected in REDCap in different record
forms for patients and for CB unit processing. Base-
line patient data include: demographics, obstetric
pathology, gestational age, birth weight, antenatal
prophylaxis for hyaline membrane disease, suspected
(maternal fever, leukocytosis, uterine tenderness,
malodorous discharge, tachycardia) or documented
(histology) chorioamnionitis, post-natal steroid
administration, hematological parameters [hemoglo-
bin concentration (Hb), hematocrit (Htc), and HbF
(assessed spectrophotometrically using point-of-care
blood gas analyzers and expressed as percentage of
total Hb), Apgar index at 1 and 5 min, Clinical Risk
Index for Babies-II (CRIB-II) score, and mortality
probability [24]. During hospitalization, the follow-
ing clinical variables are recorded: hemodynamically-
significant patent ductus arteriosus (hsPDA), maximal
stage of ROP [23], necrotizing enterocolitis (NEC) [25,
26], bronchopulmonary dysplasia (BPD) [27], intra-
ventricular hemorrhage (IVH) [28], ROP treatment,
erythropoietin  administration, microbiologically-
documented infections, duration of oxygen therapy,
ventilation support (i.e., invasive ventilation: high fre-
quency oscillatory ventilation and/or other conven-
tional ventilation modalities; non-invasive ventilation:
continuous positive airway pressure and/or high flow
nasal cannula), surgery, and death. All complications
during the clinical course were considered adverse
events: the severity was reported according to the
Common Terminology Criteria for Adverse Events
(CTCAE) v4.0, ranging from 1 (no symptoms) to 5
(death), while the imputability to previous transfusions
was scored according to the European regulations on
transfusion surveillance from 0 to 3, where 0 indicates
excluded/unlikely, 1 possible, 2 likely/probable, and 3
certain. Hb, Hct, and HbF values were recorded twice
per week. At each RBC transfusion, the following were
recorded: unit identifier number, date of transfusion,
Hct value before and after transfusion, and post-trans-
fusion (within 24 h) pH, lactate, and potassium levels.
Data collected for each CB-RBC unit included param-
eters at: collection (collection date and CB volume
before fractionation), processing (date, post-process-
ing RBC recovery, platelet depletion, residual leuko-
cyte count, hemolysis rate), and, for non-transfused
units, the end-of-storage hemolysis rate (at 14 days).
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Statistical analysis

A comprehensive descriptive analysis of the study pop-
ulation was performed. Demographic characteristics,
clinical features, and relevant baseline variables were
expressed as median and interquartile range (IQR), mean
and standard deviation (SD), or proportions. To investi-
gate differences between groups, we employed the Chi2
test, applying Fisher correction if needed. Relative Risk
(RR) was calculated to assess the association between
the RBC-type transfusion and the primary outcome
(ROP). The impact of transfusion burden on the primary
outcome was estimated by logistic regression analysis,
using the primary outcome as a dependent variable. This
method allowed us to assess the influence of the RBC
type, adjusting for the number of transfusions and other
covariates selected based on their clinical relevance and
significance in univariate analyses. Adjusted odds ratios
(ORs) and their corresponding confidence intervals were
reported to quantify the association between the predic-
tors and the outcome. To explore the impact of blood
products on HbF levels, the area under the curve (AUC)
of HbF and PMA was calculated, and results were com-
pared among different groups of patients. Missing data,
unless not otherwise specified, were below 5% and were
not managed except for the AUC calculation of HbF and
PMA. In this case, whenever possible, missing data were
calculated based on the preceding HbF determination
using previously reported algorithms [19].

Statistical analysis was performed in the “intention-
to-treat” set (all enrolled patients, independently if
they were or not transfused, including major proto-
col deviations, i.e., those patients in the CB-RBC arm
who received A-RBC transfusions due to CB-RBC unit
unavailability), and “per protocol” set (all patients cat-
egorized according to the transfusions received until the
PMA of 32 weeks: no transfusion, only A-RBCs, only CB-
RBCs, both A-RBCs and CB-RBCs).

The following software programs were used to per-
form statistical analysis and prepare illustrations: NCSS
10 Statistical Software 2015 (NCSS, LLC. Kaysville, Utah,
USA, ncss.com/software/ncss), Stata Statistical Soft-
ware, Release 18 (StataCorp. 2023. College Station, TX:
StataCorp LLC) and GraphPad Prism version 10.0.0
(GraphPad Software, Boston, Massachusetts USA, www.
graphpad.com).

Results

Study recruitment started on December 1, 2021, and
the first patient was enrolled on December 17, 2021.
Patients were recruited in NICUs of 4 tertiary Italian
hospitals, and CB-RBC units were collected by 6 public
CB banks. By August 31, 2023, 58 patients were enrolled
and completed their follow-up: 14 died without reaching
the primary endpoint (40 weeks of PMA or discharge,
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whichever occurred first), whereas 44 reached the pri-
mary endpoint and were evaluated for ROP (Fig. 1A).
Figure 1B shows the patients’ distribution according to
the types of blood products received and the two sets of
analysis. Table 1 illustrates clinical and laboratory char-
acteristics of the 58 patients: 28 were assigned to the arm
A (A-RBCs) and 30 to the arm B (CB-RBCs). The arms
were well balanced for prenatal and neonatal character-
istics, hematological parameters at birth, and follow-up
duration. Four patients in the Arm A and 6 in the arm B
received erythropoietin during hospitalization, that was
administered intravenously at a dose of 200 U/kg/die, fol-
lowed by a maintenance dose of 400 U/Kg by subcutane-
ous injection three times per week. The overall mortality
was 24.1% (95% CI 15.0-36.6) and the mortality rate was
similar in the two arms (Table 1). Moreover, the mortality
rate did not statistically differ among groups regardless
of the type of transfusions received [31.3% (95% CI 14.2—
55.6) in non-transfused patients, 29.2% (95% CI 14.9—
49.2) in neonates receiving only A-RBCs, 25.0% (95% CI
4.4-59.1) in those receiving only CB-RBCs, and 0 (95%
CI 0-27.8) in those receiving both A-RBCs and CB-RBCs,
p=0.235)].

Adverse events and imputability of previous transfusions

During the study period, 336 adverse events were
recorded: 165 occurred in the arm A and 171 in the arm
B (Table 2). Individual patients could have multiple dif-
ferent types of events or multiple episodes of the same
event. There was no difference between arms regarding
the incidence of any of the events listed (Table 2). The
rate of adverse events was also assessed in the “per pro-
tocol” setting (eTable 1), comparing patients enrolled
according to the type of blood products received before
the PMA of 32 weeks (Fig. 1B). Comprehensively con-
sidered, patients receiving only A-RBCs or both types of
RBCs experienced more adverse events than non-trans-
fused neonates or those transfused with only CB-RBCs
(p 0.014). A slightly higher incidence of surgery was
observed in patients receiving both RBC types (p=0.052),
suggesting a particular complexity in the clinical course
of these neonates. The severity of various adverse events
was comparable between arms (Table 2). Nevertheless,
when evaluated in the “per-protocol” setting, neonates
receiving only A-RBCs or both types of RBCs tended to
exhibit more severe forms of bradycardia (»p=0.002), pul-
monary hypertension (p=0.018), and hsPDA (p=0.040)
than non-transfused neonates or neonates receiving only
CB-RBCs. In total, 25 adverse events were reported as
fatal, with more events concurring to cause death: sep-
sis (6), bradycardia (6), acute renal failure (3), pulmonary
hemorrhage (3), apnea (2), pneumonia (1), pneumotho-
rax (1), NEC (1), coagulopathy (1), and tachyarrhythmia
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Table 1 Clinical characteristics at birth and relevant antenatal
features of the study population

All patients Arm A ArmB P
n=58 n=28 n=30

Gestational age, 26.1 26.2 26.1 0.906

weeks (25.3-27.1) (254-27.1) (24.9-27.4)

Weight, gr 750 745 762 0.454
(650-911) (648-903)  (660-920)

Time to randomiza- 1(0-3) 1(0-4) 2(1-4) 0.328

tion, days

Male / Female, n (%) 32(552)/26 14(500)  18(60.0) 0444
(44.8) /14(50.0) /12 (40.0)

Twins, n (%) 14 (24.1) 8(28.6) 6 (20.0) 0.445

Apgar score 1 min 6 (4-7) 6 (5-7) 6 (4-7) 0.378

Apgar score 5 min 8 (7-9) 8 (8-9) 8 (7-9) 0432

CRIB Il score 11(9-13) 11(9-13) 11(9-13) 0.777

Probability of mor- 17.8 17.8 17.8 0.771

tality (%) (8.1-34.8) (9.1-34.8)  (8.1-34.8)

Hb at birth, g/dL 14.9 15.0 14.6 0.302
(13.8-16.5) (140-174) (13.8-16.2)

Hct at birth (%) 440 46.0 440 0.277
(41.0-49.5) (42.0-52.0) (40.0-47.5)

Obstetric pathology

Preeclampsia 4(6.9) 3(10.7) 1(3.3) 0.267

Maternal diabetes 2(34) 1(3.6) 1(3.3) 0.960

PROM 26 (44.8) 9(32.1) 17 (56.7) 0.060

Placenta previa 4 (6.9) 1(3.6) 3(10.0) 0.334

Placental abruption 11(18.9) 4(14.3) 7(23.3) 0.379

ARED 6(10.3) 13.6) 5(16.7) 0.092

AED 13(224) 9(32.1) 4(13.3)

Suspected 7(12.1) 3(10.7) 4(13.3) 0.953

chorioamnionitis

Documented 4(6.9) 2(7.1) 2(6.7)

chorioamnionitis

Antenatal therapy

Steroid therapy 51(87.9) 27 (96.4) 24 (80.0) 0.054

Complete steroid 36 (62.1) 16 (57.1) 20 (66.7) 0455

therapy

Antibiotics 33(59.6) 17 (60.7) 16 (53.3) 0.570

Complete antibiotic 21 (64.7) 8(47.0) 13(81.2) 0.070

therapy*

Magnesium sulphate 38 (65.5) 20(714) 18 (60.0) 0.360

Death, n (%) 14 (24.1) 8(28.5) 6 (20) 0.545

Follow up, days 103 (63-131) 103 104 0.796

(24-132) (63-131)

Data are given as N (%) or median (IQR). ¥ Among 33 neonates receiving
antibiotics. CRIB Il score: Clinical Risk Index for Babies Il score; PROM: premature
rupture of membranes; ARED: absent or reversed end-diastolic flow in the
umbilical artery; AED: absent end-diastolic flow in the umbilical artery

(1). There was no difference between arms A and B
regarding the incidence of fatal adverse events.

The association between adverse event and previous
transfusion was evaluated in 285 out of the 336 transfu-
sion episodes. No adverse events were certainly due to
previous transfusions, whereas 8 cases were reported as
possible and five as likely connected to transfusions (eFig-
ure 1). The patient charts were individually reviewed to

Page 6 of 12

determine which types of RBC products were involved.
The transfusions preceding the adverse events always
consisted of A-RBCs, including an IVH in a patient in
the arm B (CB-RBCs) who received also A-RBCs. Taken
together, these results confirm that CB-RBC transfusions
in ELGANSs are at least as safe as standard RBC trans-
fusions and do not increase the incidence or severity of
clinical complications arising during the clinical course of
these patients.

Transfusion needs, efficacy, and post-transfusion
biochemical parameters

Forty-two of 58 patients (72.4%) required transfusions: 20
(71.4%) in the control arm and 22 (73.3%) in the experi-
mental arm (p=0.990); six of them also received erythro-
poietin (p=0.334). A total of 153 RBC transfusions were
administered, 72 in arm A and 81 in arm B, with similar
transfusion needs in the two groups (3.0, IQR 1.0-5.7 and
3.0, IQR 1.0-7.0 RBC units in arm A and B, and respec-
tively, p=0.867). Transfusion rate was similar in patients
receiving or not erythropoietin (1.5, IQR 1.0-3.5 and 3.5,
IQR 1.0-6.0, in patients receiving or not erythropoietin,
respectively, p=0.163). Among 22 transfused patients
in arm B, 8 received exclusively CB-RBCs, 10 both RBC
types, and 4 exclusively A-RBCs (Fig. 1B and eTable 2).
PMA at first transfusion, indications to be transfused,
and intervals between consecutive transfusions were
also similar (eTable 2). In terms of storage duration, RBC
content, transfused dose, and effects on hematological
and biochemical parameters, CB-RBC units were signif-
icantly older than A-RBC units (3 days, IQR 2-5 and 8
days, IQR 6-12, in A-RBCs and CB-RBCs, respectively,
»<0.001), had a lower Hct (61.6%, IQR 5.7-72.2 and
57.1%, IQR 53.0-62.3, in A-RBCs and CB-RBCs, respec-
tively, p=0.009), and elicited a lower hematocrit incre-
ment (A Hct, 12.0, IQR 9.1-16.5, and 10.4 IQR 7.5-14.0,
in A-RBCs and CB-RBCs, respectively, p=0.038). How-
ever, we found no correlation between AHct and stor-
age duration (either with CB-RBCs or A-RBCs), so that
the lower Hct increment after CB-RBCs should likely be
ascribed to the lower RBC content of these units. None-
theless, the interval between transfusions was similar
after CB-RBCs and A-RBCs. Moreover, serum potassium
and lactate levels, as well as pH values recorded within
24 h after CB-RBC or A-RBC transfusions, were com-
parable (eTable 3). In total, 230 CB units were processed
into CB-RBC concentrates during the study period, but
only 21.3% were transfused. eTable 4 provides character-
istics of CB units at collection, after processing, and the
hemolysis rate at the end of the storage.

RBC transfusions and ROP
The efficacy of CB-RBC transfusions in preventing severe
ROP was preliminarily assessed in 44 evaluable patients
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Table 2 Adverse events in the 58 patients who ended the follow-up. All events that were undefinable, unlikely, possible, likely, or
definitely connected with transfusions are listed. One single patient could have more than one adverse event. For all adverse events,
both incidence and severity were evaluated. P, indicates statistical significance of the observed differences between arms in the
adverse event rate, whereas P, refers to the observed differences in the adverse event severity

Adverse event type All adverse events

Adverse events in Arm A

Adverse eventsinArmB P, Severity assessment

(n=336) (n=165) (n=171) P,
Patients with adverse events 54 (94.9%) 27 (96.5) 27 (93.3) 0668 -
Events per patient (median, IQR) 4 (3-8) 5(3-7) 4 (3-8) 0506 -
Apnea 40(11.9) 21 (12.7) 19(11.1) 0.739  0.608
Convulsions 8(2.4) 3(1.8) 5(2.9) 0.723  1.000
IVH 15 (4.5) 8(4.38) 7(4.0) 079  0.837
PHH 2(0.6) 1(0.6) 1(0.6) 1.000 NE
hsPDA 31092 15(9.1) 16 (9.4) 1.000 0415
Bradycardia 34 (10.1) 18 (10.93) 16 (9.4) 0.718  0.649
Systemic hypotension 13(3.9) 5(3.0) 8(4.7) 0574 0469
Sepsis® 44 (13.1) 23(13.9) 21(1232) 0.746 0403
Urinary infections 9(2.7) 3(1.8) 6(3.5) 0.502 NE
Meningitis 1(0.3) 0 1(0.6) 1.00 ND
Pneumonia 12 (3.6) 8(4.8) 4(23) 0250 0367
Pulmonary hemorrhage 3(0.9) 2(1.2) 1(0.6) 0617 NE
Pulmonary hypertension 10 (3.0) 3(1.8) 7 (4.1) 0337 1.000
Pneumothorax 6(1.8) 2(1.2) 4(2.3) 0685 0.285
Hyaline membrane disease 35(104) 17 (10.3) 18 (10.5) 1.000 0211
NEC 5(1.5) 1(0.6) 4(23) 0.371 NE
Acute renal failure 6(1.8) 4024) 2(1.2) 0441 0400
Surgery 14 (4.2) 3(1.8) 11(64) 0052 NE
Post-hemorrhagic hydrocephalus 2(0.6) 0 2(1.2) 0.498
Patent ductus arteriosus 2 (0.6) 0 2(1.2) 0.498
Abdominal surgery 8(2.4) 2(1.2) 6(3.5) 0.283
Other surgery 2 (0.6) 1(0.6) 1(0.6) 1.000
Jaundice 35(104) 19(11.5) 16 (9.4) 0593 0971
Others® 13(3.9) 9(5.1) 4(2.3) 0.164 0306

Dataare given as N (%) except for the number of events per patient (median (IQR). %isolates were reported in 26 cases *Other adverse eventsinclude thrombocytopenia
(2) chylothorax (2), coagulopathy (1), supraventricular tachycardia (3), and conjunctivitis (1) in arm A end hyperglycaemia (1), thrombocytopenia (1), leukomalacia
(1), and cardiomyopathy (1) in arm B. NE indicates not evaluated for the low number of events with different severity. IVH: intraventricular hemorrhage, PHH: post-
hemorrhagic hydrocephalus; hsPDA: hemodynamically significant patent ductus arteriosus; NEC: necrotizing enterocolitis

(Fig. 1B). Twenty-five patients (56.8%, 95%CI 42.2—-70.3)
had any stage of ROP, 10 (22.7%, 95% CI 12.8-36.9) had
severe ROP, and 9 (20.4% 95%CI 11.1-34.5) required
treatment. Therapy consisted of one or more administra-
tions of anti-vascular endothelial growth factor (VEGEF),
combined with laser therapy (six cases) or vitrectomy
(one case). All but one patient with severe ROP had
received transfusions. The clinical course of the study
population was typical for critically ill preterm neonates:
17 (38.6%) had IVH, 10 (22.7%) developed BPD, 4 (9.1%)
surgical NEC, and 19 (43.2%) hsPDA. All but two patients
experienced sepsis, 22 (50%) required inotropic agents,
and all received oxygen therapy. Thirty-six patients
(81.8%) needed invasive ventilation and 38 (86.3%) non-
invasive ventilation. Erythropoietin was administered to
7 patients (15.9%) and 34 (77.3%) received RBC transfu-
sions before discharge.

According to the arm allocation (intention-to-treat
set), 14 (70.0%) out of 20 patients in the arm A and 19

(79.2%) out of 24 in the arm B received transfusions, with
similar transfusion needs. Due to CB-RBC unavailabil-
ity, ten neonates (52.6% of transfused patients) in arm
B received both A-RBC and CB-RBC units and three
patients (15.7%) exclusively received A-RBC units. The
proportions of patients developing ROP (of any stage),
severe ROP, or ROP requiring treatment in arm A and
arm B were comparable (eTable 5). The two arms also
did not differ for any other reported outcomes. Similar
results were obtained excluding from the analysis non-
transfused patients (data not shown).

Considering the high rate of protocol deviations in arm
B, we further analyzed the data according to the per-pro-
tocol set. We categorized patients according to the types
of RBC units received before the PMA of 32 weeks (treat-
ment period). Thirteen neonates did not receive trans-
fusions, 15 received only A-RBCs, 6 only CB-RBCs, and
10 both types of RBCs (Fig. 1B). Severe ROP occurred
in one out of 13 non-transfused patients (7.7%), in 5 of
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15 receiving exclusively A-RBCs (30.0%), and in 4 of 10 The AUC of HbF at various weeks of PMA was com-

transfused with both RBC types (40.0%). Severe ROP  pared for patients with and without severe ROP. The
was not observed among infants receiving only CB-RBCs  median AUC was 649 (IQR 462-778) for patients with-
(p=0.107). out severe ROP and 498 (IQR 259-597) for those with
severe ROP (p=0.035) (Fig. 2A). The AUC profiles of

A 100 -

80 -
60 -
<
& @® No severe ROP
I% @® Severe ROP
40
20 4
0 T T T T T 1
24 26 28 30 32 34 36
B PMA (weeks)
100 -
80
== 607 ® Non transfused
= ® Adult RBCs
Lf'ﬁ @ Cord Blood RBCs
40 @® Adult and Cord Blood RBCs
20 4
O T T T T T
24 26 28 30 32 34

PMA (weeks)

Fig. 2 Area under the curve (AUC) of HbF and post-menstrual age (PMA). The lines represent median values of HbF. (A) HbF AUC of patients grouped
according to the occurrence of severe ROP. (B) HbF AUC of patients grouped according to the types of RBC products received before 30 weeks of PMA
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patients who did or did not develop severe ROP, differed
mainly in the earliest weeks of life. Therefore, we focused
on to the type of RBC units received before the PMA
of 30 weeks. In total, 16 patients were not transfused, 8
received only CB-RBCs, 15 received only A-RBCs, and
5 received both RBC types. Figure 2B illustrates the
AUC of HbF in these groups. Among infants transfused
exclusively with CB-RBCs, none developed severe ROP,
whereas 2 non-transfused patients (12.5%), 4 patients in
the A-RBC group (26.7%), and 4 (80%) receiving both
A-RBCs and CB-RBCs did develop this complication
(p=0.005). Considering only transfused patients, 8 of 20
(40.0%) receiving A-RBCs before the PMA of 30 weeks
developed severe ROP, with a relative risk of 1.66 (95%
CI 1.06-2.20) as compared to those receiving only CB-
RBCs (p=0.040). Table 3 shows that neonates receiving
only CB-RBCs have GA, birth weight, Apgar, and CRIB
scores, transfusion burden, rates of IVH, sepsis, NEC,
and BPD as neonates receiving A-RBCs. Apart from a
slightly shorter duration of oxygen therapy, they experi-
enced similar periods of invasive or non-invasive ventila-
tion, and more frequently required inotropic medications

Table 3 Main parameters at birth and clinical characteristics
of patients grouped according to the types of RBC products
received within the PMA of 30 weeks

A-RBCs CB-RBCs P

n=20 n=8
Gestational age, weeks 256 (25.0-26.1) 255 (24.6-26.8) 0.838
Weight, gr 730 (685-841) 760 (667-900)  0.575
Male / Female, 15 (75.0) /5 4(50.0) /4 (50.0) 0.200

(25.0)
Apgar score 1 min 6 (4-7) 6 (4-7) 0.937
Apgar score 5 min 8 (8-9) 8 (8-9) 0.741
CRIB Il score 12 (10-13) 11 (10-13) 0420
Hb at birth, g/dL 146 (13.9-16.3) 15.0(14.1-17.3) 0420
Number of transfusions 5 (2-7) 4 (3-6) 0.455
Erythropoietin 2(10.0) 0 0.353
hsPDA 8 (40.0) 4 (50.0) 0.629
Sepsis 20 (100.0) 8 (100.0) -
Inotropic drugs 4(20.0) 5(62.5) 0.029
IVH (all stages) 9 (45.0) 2 (25.0) 0.327
BPD (all stages) 4(20.0) 1(125) 0.639
ROP (all stages) 14 (70.0) 5(62.5) >0.999
Stage =3 ROP 8 (40.0) 0 0.040
NEC 2(10.0) 2(25.0) 0.305
Invasive ventilation 18 (90.0) 7 (72.5) 0.846
Non-invasive ventilation 16 (80.0) 6 (75.0) 0.770
Oxygen therapy 20 (100) 8 (100) -
Oxygen therapy, days 82 (49-103) 32 (15-62) 0.050

CRIB Il score: Clinical Risk Index for Babies Il score; IVH: intraventricular
hemorrhage, BPD: bronchopulmonary dysplasia; ROP: retinopathy of
prematurity; NEC: necrotizing enterocolitis; Invasive ventilation included high
frequency oscillatory ventilation and synchronized intermittent mandatory
ventilation; Non-invasive ventilation included continuous positive airway
pressure and high flow nasal cannula
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(Table 3). Collectively these data suggest that transfusing
ELGANSs with HbF-enriched RBCs in the first weeks of
life may protect them from severe ROP.

To further corroborate these findings, we used logistic
regression analysis to explore if A-RBC or CB-RBC trans-
fusions exerted a diverging effect on severe ROP develop-
ment. The model included severe ROP as the dependent
variable and the number of A-RBC and CB-RBC trans-
fusions before 30 week-PMA as independent variables.
After adjusting for covariates with recognized effects on
ROP (i.e, GA, BW, number of days on oxygen therapy),
we found that the number of A-RBC, but not CB-RBC
transfusions significantly predicted severe ROP, with an
OR of 1.90 for each unit of A-RBCs transfused (95% CI
1.13-3.17, p=0.014).

Discussion

Repeated standard transfusions of preterm neonates
produce progressive non-physiological replacement of
HbF by HbA [15, 16]. Transfusing CB-RBC concentrates
instead of RBC units obtained from adult donors limits
HbF decrements [19]. The BORN trial is currently inves-
tigating if preserving HbF levels by transfusing CB-RBCs
may limit the development of severe forms of ROP. This
pre-specified interim analysis demonstrates that trans-
fusing CB-RBCs in ELGANS is safe and can be used to
treat anemia in these patients. Tissue establishments
worldwide collect umbilical cord blood as a source of
hematopoietic stem cells for transplanting patients with
hematological diseases [29]. The use of cord blood for
routine transfusion purposes has been largely reported
in low-income countries, where health resources are lim-
ited and the blood supply does not meet the population’s
needs [30, 31]. More recently, umbilical cord blood has
attracted attention as a source of HbF-containing RBCs,
to prevent preterm neonates who need transfusions from
untimely exposure to HbA [32]. Nevertheless, the safety
of this transfusion approach was only assessed in ini-
tial pilot studies and remained to be explored in larger
populations [19]. Apart from the predominant type of
hemoglobin, adult and cord blood RBCs differ in other
characteristics, ranging from shape and size, to mem-
brane composition, cell metabolism, and rheological
properties. The main concerns in using allogeneic CB-
RBCs to transfuse preterm neonates are related to the
higher rate of hemolysis during the storage in compari-
son to A-RBCs, placing neonates, particularly preterm
neonates, at risk for hyperkaliemia, oxidative stress, and
acidosis [33, 34]. The CB-RBCs transfused in the BORN
trial are collected according to criteria defined by the Ital-
ian public cord blood bank network. The CB-RBCs are
filter leukodepleted and prepared using a standardized
protocol designed to meet the same quality standards as
A-RBC products. However, because CB-RBC units must
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be proven negative for fungal and bacterial contamination
before distribution, the CB-RBCs transfused in this study
had longer storage durations than A-RBC units. None-
theless, the post-transfusion biochemical parameters
were comparable using these two different products and
the incidence and severity of adverse events were similar
or even lower in patients exclusively receiving CB-RBCs.
Similarly, no adverse events were definitively ascribed to
transfusion and all adverse events with possible or likely
connections to a previous blood product administration
were seen only after A-RBC transfusions. Although this
might be partly due to the higher number of A-RBC units
transfused, the comprehensively collected findings allow
us to conclude that CB-RBC units, as prepared and used
in the BORN trial, are at least as safe as A-RBC units.
Notably, the multicenter design of this study suggests
that the fractionation method can be easily implemented
to pursue a CB-RBC transfusion strategy. Nevertheless,
the small volumes of the cord blood units that are typi-
cally collected might result in CB-RBC concentrates with
lower amounts of hemoglobin as compared to A-RBCs,
and this needs to be considered at transfusion. One dis-
appointing issue emerging from this study is the difficulty
of supporting the transfusion needs of patients in the
experimental arm. In nearly 40% of cases, CB-RBC units
were unavailable and were substituted with A-RBC units.
This made comparing severe ROP rate in the two arms
unfruitful. Likewise, only a minor portion of processed
CB units led to CB-RBC transfusions; this suggests reor-
ganizing CB unit procurement may be necessary to meet
the ELGAN transfusion needs.

ROP is a multifactorial disease, whose pathogenesis
relies on two consecutive phases affecting retinal ves-
sel development in opposite ways [7]. The first phase
occurs between 22 and 30 weeks of PMA, and is char-
acterized by the attenuation of retinal vessels due to the
hyperoxic post-natal environment. The second phase
occurs between 31 and 36 weeks of PMA, and is char-
acterized by rapid vessel growth and neovascularization
stimulated by VEGF and other pro-angiogenic factors [7].
Modifying conditions that exacerbate hyperoxia in the
first phase, or hypoxia in the second one, might reduce
the risk for ROP development and progression [35].
Among modifiable risk factors, research has focused on
the role of RBC transfusions and premature exposure to
the adult form of hemoglobin, which has lower oxygen
affinity than HbF. Using continuous near-infrared spec-
troscopy (NIRS) monitoring, we previously showed that
CB-RBC and A-RBC transfusions are associated with
different kinetics of cerebral regional oxygen saturation
(crSO2) and cerebral fraction of tissue oxygen extraction
(cFTOE) [36]. In particular, A-RBC transfusions resulted
in higher crSO2 and lower cFTOE than CB-RBC transfu-
sions, consistent with greater oxygen delivery to cerebral
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tissues [36]. These findings strongly support the rationale
of transfusing HbF-enriched CB-RBCs, instead of RBC
concentrates from adult donors to protect against ROP.
The HbF trends in Fig. 2A suggests that, when patients
face prolonged exposure to low HbF levels before 30
weeks of PMA, the subsequent HbF increase fails to pro-
tect them against ROP progression. Hence, the great-
est impact of hyperoxia on the immature retina likely
occurs at lower PMA. In our patients, A-RBC, but not
CB-RBC transfusions predicted severe ROP, and severe
ROP did not occur in neonates receiving only CB-RBCs
before 30 week-PMA, despite similar baseline charac-
teristics and clinical course. Taken together, these find-
ings support reserving the limited numbers of CB-RBC
units for ELGANSs from birth to the age of 30 weeks, dur-
ing which time the hyperoxic load could inhibit retinal
angiogenesis.

The data in this interim analysis comprise only a part
of the planned study sample size of 146 patients; there-
fore, a protective effect of CB-RBC transfusions from
ROP progression could not be conclusively assessed.
The study has additional limitations. First, the evidence
of the highest rate of severe ROP among patients receiv-
ing both A-RBCs and CB-RBCs, is in contrast with the
presumed protective role of CB-RBCs. Nevertheless, the
transfusion burden of these patients was higher than in
other groups (on average 7 RBC units per patient, IQR
5-7), explaining why it could not be covered exclusively
by CB-RBC units. Definitely, this finding emphasizes the
connection between severe ROP and transfusions, and
suggests that additional risk factors may have played a
role in promoting ROP progression [35]. Second, the low
number of patients evaluated prevented adjusting for any
center-related variability, and possible confounders due
to local practices could not be excluded. In addition, the
evidence of protective effects of CB-RBC transfusions on
severe ROP development emerged only at “per-proto-
col” set of analysis, which is more prone to bias than the
“intention-to-treat” set, making the results less reliable.
Finally, the impact of CB transfusions on other clinical
outcomes such as BPD or NEC has not been extensively
investigated at this early stage of the study.

Overall, this is the first randomized trial on allogeneic
CB-RBC transfusions in preterm neonates and, albeit
preliminary, these data may provide clues for the design
of future randomized studies. In this regard, we decided
to amend the protocol of the ongoing BORN trial, by
reducing the treatment period in the experimental
arm until a PMA of 30 weeks, prompted by the behav-
ior of HbF levels in patients with severe ROP. Hopefully,
this change will result in improved availability of HbF-
enriched-RBCs for younger neonates, resulting in fewer
protocol deviations.
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Conclusions

BORN is the first randomized trial comparing CB-
RBC and A-RBC transfusions to reduce severe ROP in
ELGANSs. The analysis of data collected in the first 58
patients proved the safety of this approach. Despite a high
rate of protocol deviations, results at per-protocol analy-
sis suggested the potential efficacy for this transfusion
approach. The final analysis of the entire planned popula-
tion, as well as further studies with larger sample size, are
needed to confirm these promising results and support
the use of new strategies to reduce ROP incidence.
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