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Abstract

Objective: This study evaluates the 24 month follow up for the NICHD Neonatal Research
Network (NRN) Inositol for Retinopathy Trial.

Study Design: Bayley Scales of Infants Development-111 and a standardized neurosensory
examination were performed in infants enrolled in the main trial. Moderate/severe NDI was
defined as BSID-111 Cognitive or Motor composite score <85, moderate or severe cerebral palsy,
blindness, or hearing loss that prevents communication despite amplification were assessed.

J Perinatol. Author manuscript; available in PMC 2022 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Adams-Chapman et al. Page 6

Results: Primary outcome was determined for 605/638 (95%). The mean gestational age was
25.8 +1.3 weeks and mean birthweight was 805 + 192 grams. Treatment group did not affect the
risk for the composite outcome of death or survival with moderate/severe NDI (60% vs 56%,

p=0.40).

Conclusions: Treatment group did not affect the risk of death or survival with moderate/severe
NDI. Despite early termination, this study represents the largest RCT of extremely preterm infants
treated with myoc-inositol with neurodevelopmental outcome data.

ClinicalTrials.gov ID—INS-3: NCT01954082

Introduction

Methods

Randomized clinical trials (RCTSs) are crucial to determine the effect of promising neonatal
interventions on the improving but still high rate of death or impairment among extremely
preterm infants. One such intervention is administration of /myo-inositol, an important
component of membrane phospholipids with an important role in signal transduction and
surfactant synthesis.! Myo-inositol was reported in small clinical trials during the 1990s to
decrease the risk for death, respiratory distress syndrome (RDS) and bronchopulmonary
dysplasia (BPD).23 In a Cochrane meta-analysis of the 4 previously published RCTs of
myo-inositol treatment in preterm infants, inositol supplementation was associated with a
decreased risk of death, retinopathy of prematurity (ROP), and intraventricular hemorrhage
(IVH) Grade 3 and 4, with no difference in BPD.# Only one of those studies evaluated
neurodevelopmental outcome, and the assessment was limited in scope and not standardized.
2 In that study, Hallman and colleagues clinically evaluated outcomes at one year and found
no statistically significant difference in major neurologic findings between the groups (9% in
inositol-treated children compared to 18% in the placebo group), though the study was
underpowered for that outcome. Given that previous studies were small and included limited
or no long-term follow-up data, a larger RCT was indicated to examine these findings in a
trial adequately powered to evaluate long term neurologic outcome.

To address this gap in knowledge, the Neonatal Research Network (NRN) of the Eunice
Kennedy Shriver National Institute of Child Health and Human Development (NICHD)
performed an RCT to evaluate the safety and efficacy of myo-inositol to reduce the risk of
type | ROP in infants born < 28 weeks gestation. Study enrollment was terminated early due
to increased mortality risk in the myo-inositol exposed infants. ® The succeeding Cochrane
review that included these findings identified no overall benefit of inositol supplementation
at hospital discharge but emphasized the importance of follow-up assessments to identify
any effects on long-term outcomes in early childhood.® This analysis evaluates the risk of
death or survival with moderate/severe NDI at 24 months corrected age in enrolled infants.

Study Design:

This study was a double-blind placebo controlled RCT conducted under an Investigational
New Drug application (IND) from the Food and Drug Administration and registered on
clinicaltrials.gov (#NCT01954082). The study protocol was approved by the NRN Data

J Perinatol. Author manuscript; available in PMC 2022 August 01.
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Safety Monitoring Committee (DSMB) and the Institutional Review Board for each clinical
site. Informed consent was obtained from the parent/legal guardian at enrollment which
included consent to participate in the pre-specified 24-month corrected age follow-up visit.
Detailed study methods were previously published®. There were no changes in the protocol
except for the early termination of enrollment in the trial and no further treatment of enrolled
patients based on the recommendation of the DSMB. The analyses completed for the
manuscript also are consistent with the approaches detailed in the protocol and statistical
analysis plan with the exception of the added ad-hoc analysis of outcomes by study drug lot
given the manufacturing issues identified. Standardized protocols for the
neurodevelopmental follow-up assessment and annual certification of examiners were
utilized throughout the study period.” Sample size estimates were outlined in the primary
outcome publication.®

Patient population:

Infants born between April 17, 2014 and September 4, 2015 who were less than 28 and 0/7
weeks gestation and survived for at least 12 hours at one of the participating NRN centers
were eligible for inclusion in the primary study. Infants with major congenital anomalies,
any eye anomaly or those with a moribund condition were excluded.

Study Participants:

Outcomes:

Participants were stratified by center and gestational age (GA) (<26 0/7 vs 26 0/7 to 27 6/7
weeks) and randomized in a 1:1 ratio to receive either placebo or 40 mg/kg/dose every 12
hours of myc-inositol parenterally or enterally for up to 10 weeks. Enrollment was
discontinued due to an unexpected higher mortality rate in the myc-inositol treated group.

Mortality or moderate/severe NDI at 24 months corrected age was a pre-specified primary
outcome for this study. Secondary outcomes at 24 months included death, any ROP, the
composite of any ROP or death, ophthalmologic outcomes (including nystagmus, strabismus
and need for surgery); as well as the individual components of NDI.

Study definitions:

Neonatal morbidities were classified based on definitions outlined in the NRN Generic
Database Protocol.8 At the 24 months follow-up visit a standardized neurosensory
examination was performed and the Bayley Scales of Infant and Toddler Development, 3rd
Edition (BSID I11) was administered by certified examiners who completed annual training
to ensure inter-rater reliability.”® Predefined criteria were specified for each of the following
neurosensory examination categories: normal, suspect, neurologically abnormal/non-
Cerebral Palsy (CP), and CP. According to the Pearson Corporation that developed the
Bayley Scales, the mean value of the scaled scores is 100 and the standard deviation is 15.°
Children who were untestable were assigned a cognitive score of 54, a composite language
score of 46, and a composite motor score of 46. The Gross Motor Function Classification
System (GMFCS) was used to distinguish severity of CP such that mild CP was defined as
GMFCS Level 1, moderate CP as GMFCS Level 2-3, and severe CP as GMFCS Level 4-

J Perinatol. Author manuscript; available in PMC 2022 August 01.
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5.10 Neurodevelopmental impairment was defined as a BSID 111 Cognitive or Motor
composite <85, or moderate or severe CP, or blindness (unilateral or bilateral), or hearing
loss that does not permit the child to communicate despite amplification.

ROP status was diagnosed by a primary ophthalmologist at each center trained and certified
on the 2006 International Classification of ROP.11 Eye exams were performed up to 55
weeks postmenstrual age (PMA) until either eye met criteria for type 1 ROP, both eyes were
fully vascularized, or two consecutive exams showed vessels to be in zone 111.12 ROP, for
this neurodevelopmental follow-up study, was defined as having any ROP diagnosis in either
eye by an ophthalmologist during the initial study, or having any ROP diagnosis or surgical/
treatment intervention in either eye during the 2-year evaluation.

Statistical Analysis

Results

Baseline characteristics and early neonatal morbidities were analyzed controlling for center
where possible using the appropriate Cochran-Mantel-Haenszel tests for categorical and
ordinal data and multivariable linear regression for continuous data. Comparisons were
made between the inositol vs. placebo groups completing study follow-up, as well as
between the total follow-up completers vs. those that died prior to follow-up vs. those that
were lost-to-follow-up.

Analyses of the outcomes were performed on the intention-to-treat population with missing
data treated as missing completely at random and excluded from the analysis. Robust
Poisson regression estimated adjusted relative risks (RRs). A generalized linear model with a
binomial distribution and identity link estimated the adjusted absolute risk difference (and
associated 95% ClIs) for myo-inositol vs. placebo for the main outcome and for the binary
secondary outcomes. Growth at follow-up variables (height, weight, and head
circumference) were analyzed with an analysis of covariance model. The analyses were
controlled for the randomization factors of center and gestational age strata as fixed effects
for the main outcome of moderate/severe NDI or death and its components as well as for all
secondary outcomes where possible. A Kaplan-Meier curve and log-rank test were used to
compare difference in survival probability between the inositol and placebo group.
Individuals surviving through their last follow-up assessment were right censored. Because
of manufacturing issues reported for the parent trial, a supplemental analysis of the
outcomes was also performed by comparing the inositol lot 1 vs. inositol lot 2 groups.

All statistical analyses were performed using SAS version 9.4 (SAS Institute Inc.). As this
follow-up analysis was a secondary objective of the clinical trial, all analyses are exploratory
and not intended to be formal test of hypotheses; therefore, no adjustments were made for
multiplicity.

Population characteristics

Analyses of the primary outcome (death or type | ROP) and of mortality have been
previously published.>12 These data represent a pre-planned analysis of mortality and NDI
outcome at 24 months corrected age for children enrolled in this RCT prior to termination of
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the study. As previously reported,® treatment groups were similar at randomization. Of the
638 infants randomized in the phase 111 RCT, 539 survived to follow-up, of whom 506
(94%) were evaluated. (Figure 1) Demographic characteristics of the treatment and placebo
groups of randomized infants subsequently completing 24 month follow--up were similar
(Table 1). The mean GA£SD was 25.8 +1.3 weeks in both treatment groups (p=0.50) with a
similar distribution above or below 26 weeks. The 33 children lost to follow-up had a similar
demographic and morbidity profile as those evaluated. Those who died prior to follow-up
were of lower birthweight and gestational age and were more likely to have neonatal
morbidities, including late onset sepsis, BPD, necrotizing enterocolitis, severe IVH, and
periventricular leukomalacia (PVL) (Table 1 and Table 2). Early onset sepsis occurred
infrequently and rates were similar in all groups.

Neonatal morbidities

Early neonatal morbidities were similar among those seen and those lost to follow-up.
Neonatal morbidities were similar between the myo-inositol and placebo groups (Table 2).
Any ROP was common and was diagnosed in 70% of enrolled patients by the 24 month
follow-up visit. However, a much smaller percentage received either ophthalmologic
treatment (Inositol 22% vs 17% placebo, p=0.20) or surgery (Inositol 8% v 6%, p=0.45).
(Tables 3 and 4). Type 1 ROP through early follow-up was present in 13% of patients and
risk did not differ by treatment group® (Table 2). BPD was common in both groups and
present in 57% of all those who completed follow-up. Growth parameters were similar
between the two groups at 24 month follow-up (Table 4).

24 Month Outcome of Death or Neurodevelopmental Impairment:

There was no difference in the risk of the composite outcome of death or survival with
moderate/severe NDI for infants in this clinical trial [60% in myo-inositol treated vs 56% in
placebo; ARR 1.06 (95% CI=0.93-1.21; p=0.40)]. Neurodevelopmental outcomes were
similar among survivors in the two treatment groups. The increased mortality rate in the
myo-inositol treated infants noted prior to hospital discharge remained stable through 24
month follow-up (Figure 2). Two different lots of study drug were used during the study
period. No differences were seen for the composite neurodevelopmental outcome between
those receiving myo-inositol or placebo by lot number (Table 5).

At a median age of 24 months corrected age, 49% of children in both groups met criteria for
moderate or severe NDI at follow-up (Table 4). Among those with NDI, moderate
impairment was more common than severe impairment in both treatment groups. BSID Il
Motor score < 85 (myo-inositol treated 41% v placebo 42%) and BSID 111 Cognitive score <
85 (myo-inositol treated 34% v placebo 32%) were the most frequent abnormal findings on
psychometric testing but scores did not differ between the treatment groups (Table 4). Rates
of severe motor and cognitive impairment, defined as having BSID 111 Cognitive and Motor
scores <70 respectively, were also similar between the treatment groups (Table 4). The rate
of any CP or moderate/severe CP was similar between groups. At follow-up, 95.2% were
sitting without support, 89.6% were walking independently and 2.6% were walking but
required a device or hands held.
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Secondary outcomes:

Although ROP was present in 70% of patients in both groups, the majority did not receive
ophthalmologic or surgical treatment. Treatment with myo-inositol did not change the risk of
developing type 1 ROP. Among those seen for follow-up, children in the treatment and
placebo group had similar rates of developing ROP or receiving medical or surgical
treatment for ROP prior to the follow-up visit. Strabismus was noted at follow-up in 15% of
children in both groups. Nystagmus was present in a smaller percentage (/myo-inositol 5% v
placebo 3%, p=0.36). Ocular outcomes were similar within and between the two lots of
study drug (Table 6).

Discussion

In this study, myc-inositol treatment in the neonatal period in infants born < 28 weeks
gestation was not associated with a statistically significant difference in the combined risk of
death or survival with moderate/severe neurodevelopmental impairment at 24 months
corrected age. The increased rate of death seen in the original trial persisted until 2 year
follow up. Although small clinical trials performed during the pre-surfactant era reported a
decreased risk of early adverse morbidities including BPD, sepsis, and severe IVH, it was
necessary to determine if treatment with myo-inositol demonstrated the same benefits in a
contemporary group of preterm neonates cared for during the surfactant era. Furthermore,
previous clinical trials reported very limited or no neurodevelopmental outcome data for
study subjects. This study represents the largest clinical trial evaluating the
neurodevelopmental outcome of children born extremely preterm treated with myo-inositol,
including its impact on survival, neonatal morbidities, and neurologic sequelae.

Differences in the patient populations and the risk for associated morbidities may explain the
differences in our results compared to previous studies published in the 1990s. Over 50% of
patients in both treatment groups were <26 weeks GA. The mean GA for infants enrolled in
the previous studies by Hallman was 29 weeks GA.23 Shifts in neonatal practice patterns,
including increased antenatal steroid use, routine administration of surfactant, and lung
protective strategies, may also explain some of the differences in our outcomes.

The findings of this trial were sufficiently compelling to prompt the recent Cochrane meta-
analysis to conclude that inositol supplementation should not be a part of the routine
nutritional management of preterm children and that further inositol trials are unwarranted
based on the lack of reduction in mortality or early neonatal morbidities, including ROP,
sepsis, BPD or severe Grade 3 or 4 IVH.8 Furthermore, they stressed the importance of
completing longer term follow-up on the children enrolled in previous clinical trials.

Neurodevelopmental outcome is strongly correlated with the presence of various neonatal
morbidities, including IVH, PVL, late onset sepsis, and BPD.14-17 The morbidity profile
was similar for children in both treatment groups in our study. The rate of moderate/severe
NDI was high (49%) but similar between the two treatment groups. (Tables 3 and 4) Based
on concern that the BSID 111 may underestimate NDI, we analyzed our data using a cutoff of
<85 to define moderate NDI and <70 to define severe NDI for the cognitive and motor scales
of this instrument.18 Treatment group did not affect the risk for moderate or severe NDI.
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Hallman reported the neurodevelopmental outcome of 169 preterm infants at one year of age
(73 in placebo group and 96 inositol treated),2 and found no statistically significant
difference in the rate of major handicap (18% vs 9%; p=ns) or CP ( 10% v 7%; p=ns) in the
placebo compared to inositol treated infants. Information regarding severity of CP was not
included in the analysis. In our RCT, rates of all severity levels of CP were similar between
the two treatment groups. The slightly higher rate of any CP in our study is likely related to
the lower GA of our patient population. Previous studies reported that inositol treated
patients were less likely to have Grade 3 or 4 IVH. In our overall study population, there was
no difference between groups, with 16% of patients in each group developing Grade 3 or 4
IVH. ® Similarly, among those who completed follow-up, 13% of infants had a Grade 3 or 4
IVH and rates were similar between treatment groups.

The need to halt enrollment early reduced the sample size and thereby increased the
possibility of either false positive or false negative findings. It was also not possible to adjust
for center or gestational age stratum in all analyses. However, this study is the largest
randomized trial of myo-inositol for premature infants and has multiple strengths to enhance
its validity, including pharmacokinetic studies to determine the appropriate dose,13 a high
follow-up rate, and standardized neurodevelopmental assessments by certified masked
examiners.

Conclusion

We found no difference between groups in the risk for death or survival with moderate or
severe neurodevelopmental impairment at 24 months corrected age. Further studies of myo-
/nositol in this population are not warranted.
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Article Summary

There was no difference in the risk for moderate/severe neurodevelopmental impairment
in preterm infants enrolled in this RCT of treatment with myo-inositol.

What isknown on this subject

There are limited data regarding the neurodevelopmental outcome of preterm infants
treated with myo-inositol

What thisstudy adds

In the largest randomized clinical trial of treatment with myo-inositol in preterm infants,
treatment did not affect the risk for death or survival with moderate/severe
neurodevelopmental impairment in early childhood

J Perinatol. Author manuscript; available in PMC 2022 August 01.
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Infants Assessed for Eligibility
(n=1398)

Excluded (n=760)

Met exclusion criteria (n=61)
Major anomaly (n=31)

Eye anomaly (n=1)

Refused to participate (n=450)
Did not provide consent (n=151)

Randomised (n=638)

Other reasons (n=83)

Allocated to Inositol (n=317)
Received allocated intervention (n=313)
Died prior to receiving intervention (n=3)
Withdrew prior to intervention (n=1)

Allocated to Placebo (n=321)
Received allocated intervention (n=315)
Died prior to receiving intervention (n=2)
Received <2 doses of inositol (n=4)

Lost to follow up (n=15)
Died before discharge (n=56)
Died after discharge (n=4)

Lost to follow up (n=18)
Died before discharge (n=36)
Died after discharge (n=3)

Completed 18 to 22-month follow-up visit
and included in analysis (n=242)

Completed 18 to 22-month follow-up visit
and included in analysis (n=264)

Figure 1:
Consort Diagram
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Not meeting inclusion criteria (n=9)

Other life-threatening impairment (n=29)

Unspecified ineligible reason (n=5)

Provided consent but not randomized (n=1)
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Product-Limit Survival Estimates
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Figure 2:
Kaplan Meier Curve through 24 month follow-up
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Table 1:
Baseline Characteristics and Demographics
Study Group
: Death P: P
N - Fo:lmbﬂ Foﬁ'fwc‘?ﬁﬁ 1 Total Fo”mlj"r; Prior o LTE Prior 1ol roral  Death
Characteristic Completers Completers P Completers Fo O\L’jvp E%F(ﬁu:%g) 1 V? Vsi
(N=242) (N=264) (N=506) (N=99) Death LTF LTF
Gestational Age
(wks)
Mean (SD) 25.8 (1.3) 25.8 (1.3) 0.50 25.8(1.3) 248(15)  26.1(15) <.001 018  <.001
<26 0/7 wk
<26 119 (49.2%) 131 (49.6%) 0.88 250 (49.4%) 74 15 (45.5%) <001 048  0.002
(74.7%)
>= 26 123(50.8%) 133 (50.4%) 256 (50.6%) 25 18 (54.5%)
(25.3%)
Birthweight (gms)
Mean (SD) 801.2(193.9)  808.0(190.9) 0.67  804.8 (192.1) 639.9 777.8 <001 064 <001
(155.9) (196.3)
Sex
Male 119 (49.2%) 127 (48.1%) 0.72 246 (48.6%) 59 16 (48.5%) 010 079 0.26
(59.6%)
Female 123 (50.8%) 137 (51.9%) 260 (51.4%) 40 17 (51.5%)
(40.4%)
Race
Non-Hispanic White 100 (43.7%) 107 (43.9%) 0.58 207 (43.8%) 41 17 (56.7%) 052 079 0.36
(43.6%)
Non-Hispanic Black 91 (39.7%) 91 (37.3%) 182 (38.5%) 40 10 (33.3%)
(42.6%)
Asian 8 (3.5%) 6 (2.5%) 14 (3.0%)  3(3.2%)
Hispanic or Latino 30 (13.1%) 40 (16.4%) 70 (14.8%) 10 3(10.0%)
(10.6%)
Antenatal Steroids
Yes 218(90.1%)  238(90.2%) 0.98 456 (90.1%) 81 27 (84.4%) 002 030 0.74
(81.8%)
No 24 (9.9%) 26 (9.8%) 50 (9.9%) 18 5(15.6%)
(18.2%)
Cesarean Delivery
Yes 165 (68.5%) 186 (70.7%) 053 351 (69.6%) 48  24(72.7%)  <0.001 017 0.02
(48.5%)
No 76 (31.5%) 77 (29.3%) 153 (30.4%) 51 9(27.3%)
(51.5%)
Apgar - 1 minute
Median (IQR) 40(20,6.0) 30(10,50) 002 40(20,6.0)  2.0(10, 4.0 (2.0, 0.02  0.89 0.02
5.0) 5.0)
Apgar - 5 minute
Median (IQR) 7.0(50,80) 6.0(5.0,80) 006 7.0(50,80)  6.0(3.0, 6.0 (5.0, 002 065 0.04
7.0) 8.0)

J Perinatol. Author manuscript; available in PMC 2022 August 01.
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Study Group
i ! Death P: P:
o Fo:lmtjczl) F Oﬁlch?Bg L Total FOHO\L’JVp Priorto LTFPrior P To:/ij Total  Death
Characteristic Completers Completers P Completers FO“O:IJVF; L%'?&“:%V;:) 1 VS. VS.
(N=242) (N=264) (N=506) (N=99) Death™ | el | 1pl
Chorioamnionitis
Yes 37 (15.4%) 37 (14.1%) 0.60 74 (14.7%) 13 2 (6.1%) 075 021 0.35
(13.3%)
No 204 (84.6%) 226 (85.9%) 430 (85.3%) 85 31 (93.9%)
(86.7%)
Early Onset Sepsis
Yes 6 (2.5%) 8(3.0%) 0.71 14.(2.8%) 2 (2.0%) 0 (0.0%) >99  >.99 >.99
No 236 (97.5%) 256 (97.0%) 492 (97.2%) 97 33
(98.0%)  (100.0%)

LTF, Lost to Follow-up; P, P-value

1 . .
Analyses adjusted for center were possible.
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