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Abstract

Aim—To compare risk-adjusted outcomes at 18—-22 months corrected age for extremely low birth
weight (ELBW) infants who never received phototherapy (NoPTXx) to those who received any
phototherapy (PTx) in the NICHD Neonatal Research Network randomized trial of Aggressive vs.
Conservative Phototherapy.

Methods—Outcomes at 18—-22 months corrected age included death, neurodevelopmental
impairment (NDI), and Bayley Scales Mental Developmental Index (MDI). Regression models
evaluated the independent association of PTx with adverse outcomes controlling for center and
other potentially confounding variables.

Results—Of 1972 infants, 216 were NoPTx and 1756 were PTx. For the entire 501-1000 g BW
cohort, PTx was not independently associated with death or NDI (OR 0.85, 95% CI 0.60 -1.20),
death, or adverse neurodevelopmental endpoints. However, among infants 501-750 g BW, the rate
of significant developmental impairment with MDI<50 was significantly higher for NoPTx (29%)
than PTx (12%) (p=0.004).

Conclusions—Phototherapy did not appear to be independently associated with death or NDI

for the overall ELBW group. Whether PTx increases mortality could not be excluded due to bias
from deaths before reaching conservative treatment threshold. The higher rate of MDI<50 in the
501-750g BW NoPTx group is concerning, and consistent with NRN Trial results.

Corresponding author: Susan R. Hintz, M.D., M.S. Epi, Associate Professor of Pediatrics, Division of Neonatal and Developmental
Medicine, Stanford University School of Medicine, Director, The Center for Comprehensive Fetal Health, Lucile Packard Children’s
Hospital, 750 Welch Road, Suite 315, Palo Alto, CA 94304 U.S.A, phone: 650-723-5711, srhintz@stanford.edu.



1X31-)lew1a1ems 1X31-){Jewiaremsg

1Xa1-)lewarems

Page 2

INTRODUCTION

Phototherapy is one of the most frequently used treatments in the neonatal intensive care
unit (NICU). It is generally considered to be a safe and effective therapy for neonatal
hyperbilirubinemia, but these assumptions have been primarily extrapolated from
observations in larger or late preterm and term infants. Phototherapy is potentially injurious,
particularly in the smaller more translucent extremely low birth weight (ELBW) infants. In
the only large trial of neonatal phototherapy prior to 2008, fewer than 80 ELBW infants
were included; although the risk of death was not significantly increased with phototherapy
in that subgroup, the odds ratio (OR) was consistent with an increased mortality 1.49
(95%Cl: 0.93-2.40) (1-3). Phototherapy has also been implicated as a contributing factor in
a number of neonatal morbidities including prolonged ductal patency, hemolysis, and
platelet destruction v/a a range of proposed mechanisms including oxidative injury (4-12).
However, the accumulation of bilirubin may itself be directly deleterious to preterm infants.
Higher total serum bilirubin (TSB) levels and unbound bilirubin or “free” bilirubin (Bf)
levels have been shown to be associated with higher risk of death or adverse
neurodevelopmental outcomes among very low birth weight (VLBW) and ELBW infants
(13-16), but the relationship is likely to be complex.

The Eunice Kennedy Shriver National Institute of Child Health and Human Development
(NICHD) Neonatal Research Network (NRN) Randomized Trial of Aggressive or
Conservative Phototherapy for 501-1000 gram BW infants (the Phototherapy Trial)
compared 18-22 month corrected age outcomes of infants randomized to two different
phototherapy strategies based on bilirubin level thresholds (17). Aggressive phototherapy
did not significantly reduce the rate of death or neurodevelopmental impairment (NDI) for
the overall cohort. In post hoc analyses, a significant reduction in profound impairment
among survivors was observed, but this reduction was offset by an increase in death among
the 501-750 gram BW subgroup. However, the NRN trial was not designed to evaluate
whether the lack of phototherapy exposure altogether was associated with better or worse
outcomes; rather, the trial sought to evaluate two different phototherapy strategies.

There are no prospective studies of recent ELBW cohorts to determine whether exposure to
phototherapy at all is associated with better or worse outcome, and a randomized trial of
phototherapy vs. no phototherapy in this population could not be reasonably undertaken
without an effective alternative treatment for jaundice. Nevertheless, the NICHD NRN
Phototherapy Trial dataset provides an opportunity to explore this question in a clinical
context. Therefore, we compared risk-adjusted rates of death or NDI at 18-22 months
corrected age (primary outcome) among infants who received any phototherapy (PTx) to
those who never received phototherapy (NoPTx) during the NICHD NRN Phototherapy
Trial. We also compared NoPTx and PTx groups with respect to the secondary outcomes of
death before hospital discharge, death by 18-22 months corrected age, and adverse
neurodevelopmental outcomes among survivors. Despite the possibility of residual
confounding, these observational analyses may serve to generate evidence-based hypotheses
in future trials comparing phototherapy against new therapies to prevent bilirubin
neurotoxicity.

SUBJECTS and METHODS

The Eunice Kennedy Shriver NICHD NRN conducted a multicenter trial to compare the
outcomes of infants 501-1000 g BW randomized to aggressive or conservative phototherapy
(17). Subjects were enrolled September 2002 through April 2005, and randomization was
stratified on the basis of BW (501-750 g, or 751-1000 g) and NRN center. The protocol
stipulated the use of phototherapy during the first 14 days after birth. Aggressive
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phototherapy was initiated at enroliment. For 501-750 g infants, phototherapy was
continued or restarted whenever a value =5 mg/dL was identified. For 751-1000 g infants,
aggressive phototherapy was continued or restarted whenever a value =5 mg/dL was
identified during the first 7 days and =7 mg/dL in the next 7 days. Conservative
phototherapy was initiated, continued, or restarted whenever the bilirubin was = 8 mg/dL for
501-750g infants and =10 mg/dL for 751-1000 g infants. The trial did not require infants to
receive phototherapy unless they reached bilirubin treatment thresholds.

Research nurses collected demographic, perinatal, and infant data at each center using
common definitions, as described previously (17, 18). At 18-22 months corrected age, a
comprehensive neurodevelopmental assessment was performed on surviving infants. The
follow-up visit as previously described (19, 20) consisted of a battery of developmental,
neurologic, and behavioral assessments. Neurologic examinations were performed by
annually certified examiners who had been trained to reliability in a 2-day workshop on the
neurologic assessment. During the study period, the Bayley Scales of Infant Development-II
(BSID-I1) (21) were administered, which included determination of the Mental
Developmental Index (MDI) and Psychomotor Developmental Index (PDI). MDI and PDI
scores of 100£15 represent the normative mean = 1 standard deviation. The BSID-II was
administered by experienced examiners, who were certified annually by gold standard
psychologists.

Cerebral palsy (CP) was defined as a non-progressive central nervous system disorder
characterized by abnormal muscle tone in at least one extremity and abnormal control of
movement and posture that interfered with or prevented age-appropriate motor activity.
Children with moderate or severe CP were non-ambulatory or required an assistive device
for ambulation. Neurodevelopmental impairment (NDI) was defined as any of the following:
moderate/severe CP, MDI or PDI<70, bilateral permanent hearing loss, or bilateral
blindness. Children with MDI<50 (scoring more than 3 standard deviations below the
normative mean) were considered to have significant developmental impairment.

Statistical Analyses

RESULTS

Unadjusted comparisons between PTx and NoPTx groups were made using X2 or Fisher’s
exact test for categorical data, and t-test for continuous data. Adjusted odds ratio (OR) with
95% confidence interval (CI) were obtained using multiple logistic regression analyses
evaluating the independent association of PTx vs. NoPTx with the primary outcome of death
or NDI at 18-22 months, and secondary outcomes of death before discharge, death by 18-22
months, and adverse neurodevelopmental outcomes among survivors (NDI, moderate-severe
CP, MDI<70, and MDI<50). These analyses adjusted for the following potential
confounders that could affect outcome and potentially obscure the independent effect of PTx
vs. NoPTx: NRN center, antenatal steroids, inborn vs. outborn, sex, race, C-section delivery,
BW, estimated gestational age (EGA), multiple gestation, and maternal education less than
high school (HS). Because cranial ultrasonography was not performed before enrollment, it
was not possible to control for intracranial hemorrhage at baseline. Separate regression
analyses were conducted for the overall cohort (501-1000 g BW), as well as for each BW
strata (501-750 g, and 751-1000 g). Modeling was not possible for some outcomes in each
BW strata due to small numbers. All analyses were performed using SAS software (SAS
Institute, Cary, NC) at RTI International (Research Triangle Park, NC), the Data
Coordinating Center for the NICHD NRN.

Of the 1974 infants enrolled in the NRN Phototherapy Trial, 2 were excluded from analysis
due to missing data regarding phototherapy. Of the remaining 1972, 216 (11%) never
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received phototherapy (NoPTXx) (70 infants 501-750 g BW, and 146 infants 751-1000 g
BW) whereas 1756 (89%) received phototherapy at some time (PTx) per Phototherapy Trial
protocol (790 infants 501-750 g BW, and 966 infants 751-1000 g BW). Survival at 18-22
months (mos) corrected age could be determined for 207 patients in NoPTx and 1680
patients in PTx (Figure 1). Nine patients in the NoPTx group (4.2%) and 76 in the PTx
group (4.3%) were lost to follow-up. The outcome of death or NDI at 18—-22 mos could be
determined for 195 patients in NoPTx and 1607 patients in PTx (91.4% follow-up rate).

Baseline characteristics for the NoPTx and PTx groups are shown in Table 1. For the total
cohort (501-1000 g BW), mean BW, mean EGA, and rate of cesarean section were higher,
and rate of maternal education less than high school was lower in NoPTx on unadjusted
comparison. The mean age at Phototherapy Trial enrollment was not different between the
NoPTx and PTx groups (22+/-7.5 hours vs. 21+/-7.2 hours, p=0.29). For the total cohort
(NoPTx 21% vs. PTx 21%, OR 0.84, 95%CI 0.56-1.27), and for the 751-1000 g subgroup
(10% vs. 11%, OR 1.24, 95% CI 0.65-2.36) death before discharge and death at 18-22 mos
were not different for NoPTx compared with PTx (Table 2). For the 501-750 g BW
subgroup only, the odds of death before discharge were lower for PTx compared with
NoPTx (33% vs. 44%, OR 0.54, 95%CI 0.30-0.96). This can be explained by early deaths
prior to meeting the Phototherapy Trial treatment initiation criteria in the NoPTx group as
shown by Kaplan-Meier survival curves (Figure 2A and 2B). Table 3 shows in-hospital
morbidities among survivors to discharge. The rates of intraventricular hemorrhage (IVH)
grade 1 or 2, IVH grade 3 or 4 or cystic periventricular leukomalacia (PVL), peak TSB, and
length of stay were lower in NoPTx compared with PTx infants.

Table 4 shows the rates of 18—-22 mos corrected age outcomes, including the primary
outcome of death or NDI, and adjusted OR and 95% CI for PTx compared with NoPTx. For
the total cohort, death or NDI occurred in 53% of both NoPTx and PTx groups.
Phototherapy exposure was not independently associated with death or NDI (OR 0.85, 95%
Cl 0.6-1.2, p=0.35). Among survivors to 18-22 month neurodevelopmental follow-up,
phototherapy exposure was also not independently associated with NDI (OR 0.81, 95% ClI
0.55-1.2, p=0.30), components of NDI, or MDI<50. Similarly, for the 751-1000 g BW
subgroup, phototherapy exposure was not independently associated with death or NDI, or
any of the neurodevelopmental endpoints analyzed. Among 501-750 g BW survivors to 18—
22 month follow-up, NDI was found in 47% of both NoPTx and PTx groups. Of concern
however, MDI<70 was found in 47% of 501-750 g BW NoPTx, and 39% of PTX, although
this difference did not reach statistical significance on unadjusted (p=0.36) or multivariable
analysis (OR 0.5, 0.22-1.10; p=0.096). Furthermore, MDI<50 was found in 29% (n=10) of
the 501-750 g BW NoPTx compared with 12%(n=57) of the PTx (unadjusted p= 0.004). An
independent association of phototherapy exposure could not be definitively determined
because regression modeling was not possible due to small numbers.

DISCUSSION

The NRN Phototherapy Trial (17) randomized 501-1000 g BW infants to two different
phototherapy strategies rather than investigating absolute phototherapy exposure. Our
analysis therefore did not compare outcomes of randomly assigned phototherapy treatment
groups; thus, interpretation is susceptible to bias due to unmeasured or unknown intrinsic
differences in NoPTx vs. PTx, and residual confounders. However, a randomized trial of
phototherapy vs. no phototherapy would not currently be possible or advisable for this
extremely high-risk population without an effective alternative treatment. Nevertheless,
given concerns regarding effects of possible phototoxicity in ELBW infants, the NRN
Phototherapy Trial dataset provided an opportunity for post-hoc exploration of whether lack
of phototherapy altogether was independently associated with better or worse outcomes. In
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the current analysis, we found that phototherapy exposure did not appear to be
independently associated with death or NDI at 18—-22 months corrected age for the overall
ELBW cohort. However, among the smallest infants, those with 501-750 g BW, the rate of
MDI<50 was higher among the NoPTx compared with PTx. Although patient numbers were
small in this subgroup, this result is concerning. This finding is furthermore consistent with
those of the main NRN Phototherapy Trial (17), which demonstrated that aggressive
phototherapy significantly reduced the rate of NDI, attributable almost entirely to a
reduction in the rate of profound developmental impairment in the aggressive phototherapy

group.

We found that 11% of the total cohort (216/1972) was never exposed to phototherapy during
the NRN Phototherapy trial (8.1% of 501-750 g BW infants, 13.1% of 750-1000 g BW
infants). Clearly, some of these infants never received phototherapy because they died
before reaching the defined phototherapy treatment threshold. Mortality before discharge
was higher in NoPTx compared with PTx among 501-750 g BW infants, which would
appear to be contradictory with results from the NRN Phototherapy Trial. These findings
may be entirely due to early deaths before reaching treatment threshold, as shown by the
Kaplan-Meier survival curve (Figure 2B), rather than by an effect of phototherapy itself.
This underscores the limitations of a post-hoc observational analysis, in that the main trial
was designed to compare outcomes of infants randomized to two different phototherapy
strategies based on bilirubin level thresholds rather than phototherapy vs. no phototherapy.
Indeed, analyses of infants as randomized suggests a high probability that phototherapy
increases mortality of the smallest infants while reducing their rate of NDI, particularly
profound NDI (17). Potential mechanisms to explain this finding include photo-oxidative
injury to cell membranes or dermal biomolecules leading to cell death and mediated by
endogenous photosensitizers (22). This could be particularly plausible among these most
immature infants whose skin is highly penetrable to light and whose antioxidant defenses are
extremely impaired (12, 23). Furthermore, neither the extent of possible toxicity of bilirubin
photoisomers, nor their interference with Bf measurements, have yet to be fully elucidated
(24).

Compared with NoPTx, we found that PTx was associated with a reduction in significant
developmental impairment with MDI<50 among 501-750 g BW infants. The pathway by
which phototherapy may protect the vulnerable, developing brain from the neurotoxic
effects of bilirubin is likely to involve reduction of Bf levels specifically. The recently
published results of a prospective secondary study of the NRN Phototherapy Trial by Oh, et.
al. (16) showed that higher Bf levels in ELBW infants at 5 days of life, regardless of clinical
status, was directly related to adverse outcomes including death, and death or adverse
neurodevelopmental outcomes at 18-22 months. Higher TSB level in the first week of life
was related to adverse outcomes only among clinically unstable ELBW infants; this
relationship was not observed among clinically stable infants, although this finding may
reflect residual confounding. A recent study by Ahlfors, et. al. also showed that elevated Bf,
but not TSB concentration, was associated with abnormal automated auditory brainstem
response (AABR) (25). In our current analysis, ELBW infants surviving to discharge who
reached PTx threshold were more likely than NoPTx infants to have 1VH, and had a longer
hospital stay (Table 3). This may suggest that those infants had been clinically less stable.
Yet those observed clinical morbidities, including IVH, may have led to the PTx group
reaching phototherapy treatment threshold. Furthermore, although the peak TSB in the first
two weeks for the PTx group was higher than for NoPTx, there was considerable overlap in
the range of TSB values between the groups. Finally, the underlying clinical and genetic
phenomena explaining why one premature infant progresses to a higher TSB, perhaps
meeting a specific threshold for treatment, while another does not, remain obscure. Given
that our clinical goal is to better predict outcomes, and to identify appropriate measures and
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cut points for therapeutic intervention, our findings and others suggest the need to
aggressively evaluate more specific measures related to bilirubin neurotoxicity.

In summary, this post-hoc analysis demonstrates that MDI1<50 was more common for
NoPTx compared with PTx among the smallest infants (501-750 g BW). This finding is
consistent with the NRN Phototherapy Trial results showing significant reduction in
profound impairment with aggressive phototherapy, although this was offset by an increased
rate of death in this subgroup. Nevertheless, our finding is of concern, and points to the need
for further investigation into the effects of phototherapy on the most vulnerable and
immature infants.
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Never received phototherapy
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Figure 1.

Progression of NoPTx and PTx patients from NRN Phototherapy Trial to 18-22 mos

corrected age.
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Figure 2.

Kaplan-Meier survival curves for the: (A) total cohort (501-1000 g) and (B) lower birth
weight (BW) subgroup (501-750 g)
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