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Abstract

Background The rate of vitamin D deficiency (VDD) in critically ill children worldwide has been estimated at 50%.
These children are at risk of multiple organ dysfunction, chronic morbidity, and decreased health related quality

of life (HRQL). Pediatric and adult ICU clinical trials suggest that VDD is associated with worse clinical outcomes,
although data from supplementation trials are limited and inconclusive. Our group’s phase Il multicenter dose evalu-
ation pilot study established the efficacy and safety of an enteral weight-based cholecalciferol loading dose to rapidly
restore vitamin D levels in critically ill children.

Methods Our aim is to evaluate the impact of this dosing regimen on clinical outcomes. VITdALIZE-KIDS is a prag-
matic, phase Ill, multicenter, double-blind RCT aiming to randomize 766 critically ill children from Canadian PICUs.
Participants are randomized using a 1:1 scheme to receive a single dose at enrollment of enteral cholecalciferol
(10,000 IU/kg, max 400,000 IU) or placebo. Eligibility criteria include critically ill children aged newborn (> 37 weeks
corrected gestational age) to < 18 years who have blood total 25-hydroxyvitamin D <50 nmol/L. The primary objec-
tive is to determine if rapid normalization of vitamin D status improves HRQL at 28 days following enrollment. The
secondary objective is to evaluate the impact of rapid normalization of vitamin D status on multiple organ dysfunc-
tion. The study includes additional tertiary outcomes including functional status, HRQL and mortality at hospital
discharge and 90 days, PICU and hospital length of stay, and adverse events related to vitamin D toxicity. Additionally,
we are performing comprehensive vitamin D speciation and non-targeted metabolite profiling as part of a sub-study
for the first 100 participants from whom an enrollment and at least one post-intervention blood and urine sample
were obtained.
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Discussion The VITdALIZE-KIDS trial is the first phase Ill, multicenter trial to evaluate whether rapid normalization
of vitamin D status could represent a simple, inexpensive, and safe means of improving outcomes following pediatric
critical illness. Recruitment was initiated in June 2019 and is expected to continue to March 2026.

Trial registration Clinicaltrials.gov, NCT03742505. Study first submitted on November 12, 2018 https://clinicaltrials.
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Background

Approximately 12,000 critically ill children are admit-
ted to Canadian pediatric intensive care units (PICUs)
annually, where they face the risk of prolonged rehabili-
tation, new morbidity or chronic disease, and death [1].
Research has shown that a significant number of PICU
survivors experience a long-term decline in functional
status and/or health-related quality of life (HRQL) [2-4].
Novel means of decreasing mortality and reducing long-
term morbidity would be of great value to these children,
their families, and the healthcare system.

Given vitamin D’s established pleiotropic role in the
health of organs central to critical illness pathophysiol-
ogy and support of immune function, it has been hypoth-
esized that vitamin D deficiency (VDD) could represent
a modifiable risk factor for improving clinical outcome
following critical illness [5, 6]. Specifically, there are mul-
tiple mechanisms through which VDD could contribute
to organ dysfunction, including (i) exacerbation of criti-
cal illness-related hypocalcemia (particularly in the pres-
ence of liver, parathyroid, or renal dysfunction) [7]; (ii)
cardiovascular dysfunction indirectly through low body
calcium stores and directly through vitamin D recep-
tors (VDR) present on myocytes and endothelial cells;
(iii) immune dysregulation through functional VDR pre-
sent on all major immune cell types [8]; (iv) through the
role of vitamin D signaling in innate immunity [9]; and
(v) muscle weakness, a well-recognized consequence of
critical illness [10] that can be further exacerbated by the
impact of VDD on muscle pathology and clinically rel-
evant weakness [11].

Multiple observational studies in the PICU have
reported both high deficiency rates and associations
between VDD and organ dysfunction, health resource
utilization, and mortality [12-16]. The prevalence and
impact of VDD in critically ill children is well established,
with meta-analysis of observational studies showing a
worldwide PICU VDD rate of 50% [16]. Our research
group also published the first large Canadian PICU study
(n=326) documenting high deficiency rates (60-70%)
[12, 17] and association between lower vitamin D lev-
els and worse clinical course in the PICU setting [12].
Although concerning, the high VDD rate in critically ill

Canadian children is viewed by our research group and
others [18-20] as an opportunity to potentially improve
clinical outcomes, with far-reaching implications for chil-
dren, their families, and the healthcare system. The gap in
knowledge at present is whether early rapid normaliza-
tion of VDD in critically ill children will causally improve
outcomes.

Similar to pediatric critical illness, there is a significant
body of observational evidence demonstrating VDD to
be risk factor in the adult ICU setting [21-25]. In con-
trast to pediatrics, there have been~10 RCTs evaluating
the biochemical and clinical response to high dose vita-
min D in critically ill adults. Meta-analyses of trial find-
ings are inconclusive as to whether there is benefit [23,
24, 26, 27]. The definitive adult ICU trial (VITdALIZE),
a multi-national RCT seeking to enroll 2400 critically
ill VDD adults to determine whether rapid normaliza-
tion with a 540,000 IU load improves 28-day mortality, is
ongoing [28].

Current vitamin D supplementation guidelines
Vitamin D supplementation to achieve recommended
daily allowances of intake thought essential to good
health has been recommended in guidelines from mul-
tiple agencies. For example, the National Academy of
Medicine (NAM, formerly the Institute of Medicine)
provides a recommended daily allowance or adequate
intake (400-600 IU/day) for children [29] that has been
supported by Health Canada. As there are no ICU guide-
lines recommending alternative loading dose supplemen-
tation strategies, most critically ill children receive either
no supplementation or the same daily dose suggested for
healthy children. It is important to recognize these doses
(i) are derived from studies on healthy children, (ii) are
focused on preventing bone disease, and (iii) may require
months to rebuild body stores [30]. Emphasizing this last
point, evaluation of hospitalized patients in observational
studies and clinical trials has shown that vitamin D levels
often fail to rise or even fall with usual care [13, 22, 31].
In addition to standard dosing, the NAM also pro-
vides alternative dosing recommendations, referred to
as the tolerable upper intake level (UL) for healthy chil-
dren, ranging from 1000 to 4000 IU/day (age dependent)
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[29]. We recently investigated this daily dosing regimen
for potential application in the PICU setting in a system-
atic review [32], demonstrating that the majority of VDD
patients require over a month to attain normal levels at
the UL dose. This time frame was confirmed in a recent
pilot study of pediatric burn patients, with only 50% of
patients achieving normal levels despite 30 days of daily
dosing above the UL (~800 IU+ 100 IU/kg) [33]. The use
of a supplementation approach that requires a month
(or more) to correct VDD may not optimize benefit dur-
ing the PICU admission and immediate recovery period,
placing critically ill children at risk for new pathology and
worse functional outcome during these times [33]. While
this dosing regimen is of value for certain patient popu-
lations in the context of early treatment or prophylactic
applications, it offers minimal value for acutely critically
ill children.

Pediatric investigations to date

A novel supplementation approach that rapidly normal-
izes vitamin D levels is essential to realize the potential
health benefits of sufficient vitamin D status. To deter-
mine the loading dose most appropriate for a randomized
controlled trial evaluating rapid correction of VDD in
critically ill children, we analyzed vitamin D response in
98 pediatric clinical trials (88 full-text publications, 10
conference abstracts) [32]. This systematic review dem-
onstrated that administration of a single or repeated
enteral loading dose rapidly achieved peak vitamin D
(measured as blood total 250HD) levels within 3 days
of dosing [32]. Further analysis showed increased hyper-
calcemia risk with loading doses>400,000 IU, but only
in studies enrolling infants and young children. Based
on this review, a single load of 10,000 IU/kg (maximum
400,000 IU) was determined as the regimen most likely to
rapidly and safely correct VDD [32].

We subsequently evaluated the safety and efficacy of
a 10,000 IU/kg (maximum 400,000 IU) loading dose in
our international phase II dose evaluation pilot study
VITdAL-PICU. Results from this trial confirmed this
dose raised group 250HD levels to above the 75 nmol/L
threshold in>75% of participants, with no biochemi-
cal or clinical evidence of toxicity [34]. Similarly, in a
trial of VDD children undergoing CHD cardiac surgery,
a loading dose of 10,000 IU/kg cholecalciferol (maxi-
mum 400,000 IU) approximately 2 weeks prior to sur-
gery produced significantly higher concentrations in
the treatment arm relative to control (83.5 nmol/L vs
27.4 nmol/L) in blood collected immediately before the
surgery, without statistically significant differences in
parameters pertaining to vitamin D toxicity during the
perioperative period [35]. Recent RCTs in critically ill
pediatric populations also support findings of negative
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impact of VDD on clinical outcomes for sepsis and pneu-
monia and suggest a positive effect of loading dose sup-
plementation in these populations [36—38].

Trial outline

VITdALIZE-KIDS will investigate the hypothesis that
loading dose vitamin D could represent a simple, inex-
pensive, safe, and feasible means of improving outcomes
following pediatric critical illness. This trial asks the
question: in critically ill VDD children, what is the effect
of rapid normalization of vitamin D status compared
with placebo, on health-related quality of life (HRQL) at
28 days following intervention? The secondary objective
is to determine the impact of rapid normalization of vita-
min D status on new and progressive multiple organ dys-
function. Tertiary objectives are to evaluate the impact of
rapid normalization of vitamin D status on (1) functional
status at hospital discharge and 28 and 90 days follow-
ing loading dose administration; (2) PICU and hospital
length of stay; (3) serious adverse events and vitamin
D-related toxicities; (4) survival alone at 28 and 90 days;
and (5) HRQL at hospital discharge and 90 days following
loading dose administration. Further, VITdALIZE-KIDS
includes a sub-study of 100 participants with pre- and
post-loading dose blood and urine, where we will assess
pre- and post-intervention vitamin D status, perform
non-targeted metabolite profiling to better understand
the pleiotropic effects of rapid correction of VDD on
human metabolism beyond calcium homeostasis and
active hormone levels, and identify adjunct biomarkers
that when combined with 250HD may better predict
inadequate vitamin D status and response to treatment.

Methods/design

In collaboration with the Canadian Critical Care Trials
Group (CCCTG), we designed VITdALIZE-KIDS as a
pragmatic, phase III, multicenter, individual patient 1:1
randomized double-blind superiority RCT. Our proto-
col adheres to the Standard Protocol Items: Recommen-
dations for Interventional Trials (SPIRIT) checklist (see
Additional file 1). A summary of the protocol is provided
in Table 1.

Trial setting

The VITdALIZE-KIDS trial will recruit up to 766 patients
from PICUs at the following 11 academic centers in
Canada: Children’s Hospital of Eastern Ontario (CHEQ),
Ottawa; London Health Sciences Centre, London; Mon-
treal Children’s Hospital, Montreal; Centre hospitalier
universitaire Sainte-Justine, Montreal; McMaster Chil-
dren’s Hospital, Hamilton; Alberta Children’s Hospi-
tal, Calgary; BC Children’s Hospital, Vancouver; The
Hospital for Sick Children, Toronto; Stollery Children’s
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Table 1 World Health Organization trial registration data set—structured summary

Data category

Information

Primary registry, trial identifying number
Date of registration in primary registry
Secondary identifying numbers

Sources of monetary support

Sponsor

Contact for public queries
Contact for scientific queries
Public title

Scientific title

Country of recruitment
Health problem under investigation
Inclusion and exclusion criteria'

Study type

Date of first enrollment
Target sample size
Recruitment status

Primary outcome

Clinicaltrials.gov identifier-NCT03742505
November 15,2018

Health Canada control number and protocol title: 223,325, VITdALIZE-KIDS; Clinical Trials Ontario REB number:
1761

Canadian Institutes of Health Research (CIHR) Project Grant, Physician Services Incorporated (PSI) New Inves-
tigator Grant;

COVID-19 emergency funding: Canada Emergency Wage Subsidy, Canada Research Continuity Emergency
Fund

Children’s Hospital of Eastern Ontario Research Institute
401 Smyth Road

Ottawa, Ontario

KTH 8L1

Principal Investigator Phone: 613-737-7600 ext. 3553
Principal Investigator Email: dmcnally@cheo.on.ca

JDM, Pediatric Critical Care, Children’s Hospital of Eastern Ontario, Canada
JDM, Pediatric Critical Care, Children’s Hospital of Eastern Ontario, Canada
Rapid normalization of vitamin D deficiency in PICU (VITdALIZE-KIDS)

Rapid correction of vitamin D deficiency in pediatric critical iliness: A phase Il multicentre randomized con-
trolled trial (VITAALIZE-KIDS)

Canada
Vitamin D deficiency in critically ill children

Inclusion criteria:

Admitted to PICU

Corrected gestational age 37 weeks to age 18 years

Vitamin D deficiency, as defined by blood total 250HD <50 nmol/L at the time of screening

Exclusion criteria:

Patient will be discharged from PICU before they can be enrolled (i.e, trial drug administered) into the VITdAL-
|ZE-KIDS trial and/or patient expected to be in hospital for < 3 days following enrollment

Treating physician refuses enteral drug administration due to gastrointestinal disorder and expects to do so
for the full duration of the patient’s PICU admission

Persistent hypercalcemia (ionized calcium > 1.40 mmol/L (age > 2 months),> 1.45 (age < 2 months) exclud-
ing transient abnormalities and those related to parenteral calcium administration for hypocalcemia
Confirmed or suspected William's syndrome

Known nephrolithiasis or nephrocalcinosis

Imminent plan for withdrawal of treatment or transfer to another ICU not participating in the VITdALIZE-KIDS
trial

Physician refusal

Previous enrollment in this trial

Granulomatous disease (tuberculosis or sarcoidosis)

Severe liver failure

Hypersensitivity or allergy to vitamin D or any of the non-medicinal ingredients of the formulation

Patient on thiazide diuretics also receiving regular ongoing calcium supplementation above the daily recom-
mended intake (excluding patients receiving calcium supplementation for the treatment or prevention

of hypocalcemia)

Adolescent female of child-bearing age with a positive pregnancy serum test

Patient on digoxin-therapy

Treating physician intends to administer vitamin D doses above 1000 IU (e.g. patient presents with isolated
clinical symptoms of severe VDD, severe burns)

Pragmatic, phase lll, multicentre, double-blind randomized controlled trial
June 20,2019

766

Recruitment initiated on June 17, 2019; recruitment ongoing

Health-related quality of life (HRQL) at 28 +7 days, determined using the Pediatric Quality of Life Inventory
Scale (PedsQL)™ 4.0 Generic Acute Scales[90-96] (ages 2-17) and the PedsQL™ Infant Scales (1-24 months)

T Justification for individual criteria were outlined in our group’s pilot VITdAL-PICU dose evaluation RCT [82]
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Hospital, Edmonton; IWK Health Centre, Halifax; and
Centre meére-enfant Soleil du CHU de Québec Université
Laval, Quebec City.

Patient enrollment and consent

Eligible participants are identified in the PICUs. Patients
are screened daily (Monday through Friday) by trial
staff and informed consent obtained via site-approved
approaches, according to Good Clinical Practice (GCP)
guidelines. These approaches include obtaining consent
through the care team to screen for VDD and consent
for full trial enrollment simultaneously or separately,
telephone consent, and deferred consent (for screening
only). In participating sites where vitamin D status has
or will be measured as the standard of care, or in patient
sub-groups for whom vitamin D status is measured as
part of standard of care, vitamin D status is determined
clinically to confirm full trial eligibility. In participating
sites and/or inpatient groups for whom vitamin D status
is not measured as part of standard of care, vitamin D sta-
tus is determined following deferred or informed consent
(site-specific) using a research sample collected at time
of screening—discard blood whenever possible. Vitamin
D status is measured by site clinical labs, a research lab,
or using an FDA- and Health Canada-approved point of
care device (Qualigen® FastPack IP system). If 250HD is
less than 50 nmol/L, the patient is considered fully eligi-
ble and randomized into the trial.

Randomization

The Data Coordinating Centre (DCC) at the Ottawa
Methods Centre at the Ottawa Hospital Research
Institute (OHRI) has created a computer-generated
randomization list. Participants are randomized 1:1
(intervention:control) using random variable block sizes
to avoid major imbalances. Randomization is stratified by
site to account for site-specific practice variation.

Allocation concealment and blinding

Randomization allocation is achieved using an electronic
web page, where the participant is assigned an ID num-
ber and the site pharmacist receives an email with the
ID number and treatment allocation. Randomization
lists are only accessible to the Ottawa Methods Centre
at the OHRI and research pharmacist(s). The active drug
and placebo appear identical (e.g., color, consistency,
volume, taste, smell, containers), in order to maintain
blinding. Post-randomization, the research pharmacist
dispenses the intervention (either vitamin D or placebo
solution) to the nursing staff for administration. All trial
personnel (the trial research coordinator, research assis-
tants, site qualified investigators, principal investigator
(PI), co-investigators, data management personnel, and
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statisticians), members of the health care team (treat-
ing physicians, bedside nurses, clinical pharmacists,
etc.), and participants/families are blinded to the trial
group assignment. The assigned intervention will not be
revealed until all participants have been discharged from
hospital, follow-up data collection and determination of
research-related biochemical testing is complete, and the
research database has been finalized. In the event of an
emergency, blinding may be broken at the request of the
clinical service after obtaining PI approval if unblinding
would affect patient care. Blinding may also be broken at
the request of the Data Safety Monitoring Board (DSMB)
during interim analyses and at trial completion for the
final analysis and manuscript preparation.

Intervention and controls
Participants randomized to the intervention arm receive
an enteral cholecalciferol load (vitamin D3 (cholecalcif-
erol) Oral Solution 50,000 IU/mL, Euro-Pharm Canada
Inc.) at a dose of 10,000 IU/kg (maximum 400,000 IU).
Participants randomized to the control arm receive a
placebo solution equivalent in volume to the appropri-
ate dose of cholecalciferol at enrollment. The placebo
is also provided by Europharm Canada International
Inc.® All participants may also receive standard vitamin
D dosing at the discretion of the care team (<1000 IU/
day), which is documented on the electronic case report
form (eCRF). Baseline HRQL and Functional Status Scale
(FSS) are obtained from parental interview within 72 h of
trial enrollment. The hospital discharge (for participants
with a hospital stay>14 days, if not discharged within
the 28 +7-day window), 28- and 90-day HRQL, and FSS
measurements are obtained primarily in person, if par-
ticipants remain hospitalized, or by telephone, email, or
mail if participants have been discharged. Demographics,
hospital course, adverse events, and health resource utili-
zation are collected and documented on the eCRF.

Blood and urine sampling

Enrollment and up to two post-intervention (>48 h,
range: Days 2—7) urine and blood samples (through arte-
rial or central venous lines or at the time of clinically
indicated bloodwork) were collected from consecutively
enrolled participants until July 2022. With consent from
participating families, residual biosamples are main-
tained in the principal investigator’s laboratory at CHEO
as part of the VITAALIZE-KIDS Trial Biobank. All poli-
cies and procedures surrounding this are consistent with
the Organization for the Economic Co-Operation and
Development (OECD) Guidelines on Human Biobanks
and Genetics Research. The SPIRIT trial timeline is seen
in Fig. 1.
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STUDY PERIOD
Pre- Randomi-
Post-randomization
enrolment zation
L4}
t 7}
TIMEPOINT -t (90 +/- 14
(0 +72h) (28 +/- 7 days)
days)
ENROLMENT:
Eligibility screen X
Informed consent X
Allocation X
INTERVENTIONS:
Study drug/placebo
X
administration
X
Study questionnaires X and/or hospital X
discharge prior to
day 28
ASSESSMENTS:
X
Blood sampling (all
(Screening)
patients)
Blood and urine
X
sampling (subset of X
Day 2-7
patients)
New and/or
Day 0, 3, 7; weekly until Day 28 or
progressive multiple
PICU discharge
organ dysfunction * +
X
X and/or hospital X
Functional status discharge prior to
day 28
Serious adverse
events and vitamin D
toxicity
X
X and/or hospital X
HRQL discharge prior to

day 28

Fig. 1 VITAALIZE-KIDS timeline of enrolment, interventions, and assessments
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Outcomes

Our primary outcome is HRQL at 28 +7 days after inter-
vention. This was identified in our survey of PICU fami-
lies and caregivers as the most important outcome to
them after survival [39] and is consistent with studies
acknowledging HRQL as a preferred primary outcome
for pediatric critical care trials [40]. HRQL is determined
using the Pediatric Quality of Life Inventory Scale (Ped-
sQL)™ 4.0 Generic Acute Scales [41] (ages 2—17) and the
PedsQL™ Infant Scales (1-24 months). The PedsQL"™
is one of the most widely used instruments for evaluat-
ing HRQL in pediatrics and has demonstrated reliability,
sensitivity, validity, and responsiveness by self-reporting
and/or proxy reporting in multiple pediatric populations
including the PICU [42]. It has been used in numerous
PICU studies [3, 43, 44] and was identified as one of
the best HRQL tools for pediatric critical care research
[2]. For infants under 1 month of age at enrollment, the
baseline PedsQL"™" questionnaires are not completed as
no questionnaires are available or validated for that age.
Proxy reporting is used for the primary outcome for con-
sistency, but self-reporting is also completed when not
prevented by age, ongoing critical illness, morbidity, or
developmental status. Of note, as PICU patients often
have comorbidities and impaired HRQL prior to PICU
admission, pre-illness HRQL (prior to acute illness) is
obtained from in person parental interview within 72 h
of trial enrollment using the PedsQL™ (when baseline
HRQL measurement is not feasible, bias in HRQL esti-
mation is minimized when measurements are obtained
at the earliest opportunity) [45]. Survival status is deter-
mined by review of the hospital chart and via follow-up
calls; participants who cannot be contacted and have no
in-hospital death recorded in their chart are considered
lost to follow-up and survival is recorded as “unknown”.
Participants who are deceased at follow-up are assigned a
HRQL score of 0. Secondary and tertiary outcome meas-
ures are summarized in Table 2.

Metabolomics sub-study

As short- and long-term clinical benefits are not medi-
ated by cholecalciferol or 250HD, but downstream
changes in cell signaling and functioning of tissues/
organs, we will perform essential translational research
in a subset of 100 participants for whom enrollment
and at least one set of post-intervention blood and urine
samples have been collected>48 h (range: Days 2-7,
obtained as of July 2022). We will perform non-targeted
metabolite profiling to better understand the effects of
rapid VDD correction on human metabolism beyond
calcium homeostasis, including stress response, antioxi-
dant production, immunomodulation, and mitochondrial
function [46]. Additionally, targeted metabolomics will
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be employed to better characterize changes following the
single high-dose bolus by measuring vitamin D species
beyond 250HD [47] while also identifying new biomark-
ers that may predict inadequate vitamin D status or sub-
optimal responses to treatment [48].

Safety procedures

Participants are monitored for adverse events (AEs) from
the time of intervention on a weekly basis during hospi-
tal admission (censored at 90 days) and through parent
reporting at 28- and 90-day follow-ups. As the VITdAL-
IZE-KIDS population is expected to experience AEs
related to critical illness or its complications, a trial-spe-
cific definition of AEs is being used, as published by the
CCCTG [49]. Specifically, in this trial, an AE is defined
as any untoward medical occurrence that (1) is specified
a priori as a safety endpoint (see below) or (2) is differ-
ent from what is expected in the clinical course of the
participant given their critical illness, co-morbidities,
and related complications, AND may be related to the
VITdALIZE-KIDS trial procedures (vitamin D adminis-
tration and/or research procedures). Specified safety end-
points consist of the following AEs plausibly associated
with vitamin D administration: (1) gastrointestinal bleed-
ing (requiring transfusion) and/or perforation (requiring
surgery) within 48 h of drug administration, (2) hypercal-
cemia persisting for more than and not occurring within
24 h of any parenteral bolus calcium administration AND
one or more of renal failure requiring dialysis, nephroc-
alcinosis, hemodynamically significant arrhythmia, cardi-
orespiratory arrest, or death; and (3) nephrolithiasis with
gross hematuria and/or nephrocalcinosis with renal fail-
ure. Should a trial participant develop significant symp-
toms related to vitamin D toxicity (potential drug-related
adverse event), they are evaluated and followed by endo-
crinology and/or nephrology.

We follow Health Canada’s guidelines for report-
ing AEs, which entails reporting AEs if they are seri-
ous, related to the intervention, and unexpected given
the participants’ critical illness, co-morbidities, related
complications, and the known side effects of vitamin D
toxicity. Similarly, we report AEs to local ethics boards
according to local guidelines for reporting.

Sample size

The proposed sample size is 766 participants. Using the
traditional ¢-test approach, 650 participants would pro-
vide 80% power (a=0.05) to detect a 4.4 point differ-
ence in the PedsQL"™ 4.0 [41] (SD=20) between study
arms at day 28, corresponding to the minimal clinically
important difference (MCID). MCID is defined as the
smallest difference in a score that patients perceive to
be beneficial and that would ideally mandate a change
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Table 2 Secondary and tertiary outcomes for the VITAALIZE-KIDS trial

Secondary outcome Time frame' Outcome measure
New and/or progressive multiple organ dysfunction Baseline; The proportion of participants who develop new or pro-
Days 0, 3,7; gressive multiple organ dysfunction (NPMODS) is deter-

Weekly until Day 28 or PICU discharge

Tertiary (exploratory) outcome Time frame'

Functional status
Days 28, 90

PICU and hospital length of stay (LOS) N/A

Serious adverse events and vitamin D toxicity Enrollment to Day 90

Mortality (alone) Days 28,90
HRQL at hospital discharge and 90 days Discharge,
Day 90

Baseline, hospital discharge,

mined using the updated Pediatric Logistic Organ Dys-
function Score (PELOD-2). Organ dysfunction is defined
as a PELOD-2 score >0 for a given organ. For participants
with no organ dysfunction at randomization, new MODS
are defined as the development of > 2 simultaneous
organ dysfunctions during the 28 days following rand-
omization. For participants with at least one pre-existing
organ dysfunction at enrollment, it is defined as> 1 new
simultaneous organ dysfunction. Progressive MODS

is defined as development of > 1 additional simultaneous
organ dysfunction in a participant with MODS at enroll-
ment. All deaths are considered Progressive MODS

Outcome measure

Measured using the FSS, which was developed
specifically for PICU research and has been validated
against the pediatric cerebral and overall performance
category (PCPC/POPC) scales. The FSS includes six
functional domains (mental status, sensory function,
communication, motor function, feeding, and respiratory
status), and uses a 5-point scale to rate function from 1
(normal) to 5 (very severe dysfunction)

LOS in PICU and hospital is determined from the time
of PICU and hospital admission and from the time of trial
drug administration

We report on the frequency of (i) expected (i.e,, safety
endpoints specified in the study protocol) and unex-
pected serious adverse events plausibly associated

with vitamin D administration and (i) biochemical

and clinical events potentially related to vitamin D
(hypercalcemia, nephrocalcinosis/renal stones (sympto-
matic), gastric perforation/bleeding). This is monitored
weekly during hospitalization (to a maximum of 90 days)
and at Day 28 and Day 90

Consistent with most critical care studies, we evaluate
mortality alone at 28 and 90 days

Measured using PedsQL™ tool, as in the primary outcome

' Time frames measured with reference to “Day 0” (day of trial drug administration). Baseline measurements are administered within 72 h of enrollment and inquire
about the participant prior to admission. 28-day measurements are administered within a 28 +7-day window following enroliment. Hospital discharge measurements
are administered for participants with hospital length of stay between 14 and 28 days (if administered within the 28-day window, no additional 28-day measurement
is made). 90-day measurements are administered within a 90 + 14-day window following enroliment

in patient management; it was calculated in previous
work (based on the standard error of measurement,
SEM [50]) to be 4.5 points by parent proxy report and
4.4 points by child report [41]. Based on our pilot RCT
data and related PICU literature [42, 44], we anticipate
mean baseline (pre-illness) and 28-day PedsQL"™ Total
Scale Scores in this study population of approximately
75 and 50, respectively. Consequently, the proposed
effect size of 4.4 points difference in 28-day (absolute)
total score between intervention and control arms
translates to a 20% improvement in HRQL. After dis-
cussion with our executive committee, we believed this
effect size to be realistic given the strong associations
documented between VDD and clinical outcomes in

observational studies combined with eligibility criteria
(validated during our VITdAL-PICU pilot study) and
ensures recruitment of a sick PICU cohort that could
benefit from vitamin D optimization.

Based on our pilot VITdAL-PICU study [34] and
related PICU studies [43], we anticipated no more than
a 15% loss to follow-up at 28 days resulting in~ 650
evaluable trial participants from the 766. Note that
while anticipated mortality is 5-10% (7/67 in the VIT-
dAL-PICU pilot trial), participants for whom this death
has been recorded in their hospital chart and/or is
communicated at follow-up will not be considered lost
to follow-up but will instead be assigned a HRQL score
of 0.
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Recruitment, compliance, and follow-up

We did not anticipate problems with participant compli-
ance with the trial protocol. Participants are hospitalized
and followed by the research staff, and the interven-
tion is administered by nursing staff and documented
in the participant’s medical record. Although we have
planned for a liberal loss-to-follow up rate (15%) in our
sample size calculation as participants are followed for
90 days after intervention, extensive efforts are put into
participant retention (e.g., $25 gift cards for follow-up
completions, collection of multiple points of contact for
guardians and reminders sent via the preferred method).
As <1000 IU/day vitamin D administration at care team
discretion is allowable within our protocol (and an exclu-
sion criterion is the intent of treating physician to admin-
ister doses above this for known clinical indications), we
did not anticipate problems with physician compliance.

Data collection and management

Data collection is performed by research staff at each site,
with 28- and 90-day follow-up assessments performed
by the coordinating center staff for discharged partici-
pants. Data from questionnaires and medical records
are entered into the web-based eCRF managed by The
Ottawa Methods Centre—Electronic Data Capture Sys-
tem (OMC-EDCS) Platform, a validated EDCS platform
used by over 100 studies in 15 countries for both regu-
lated and non-regulated trials.

The following information is collected: demographic
information and admission data, illness severity, rel-
evant laboratory results and infection data, progression
and resolution of organ dysfunction, fluid and inotrope
administration, renal function and instances of cal-
cium imbalance, occurrence of adverse events, length
of mechanical ventilation, length of PICU and hospital
stay, survival status, quality of life scores, and protocol
deviations. All participant-related information (eCRFs,
laboratory specimens, etc.) are kept strictly confidential.
All records are kept in a secure, locked location and only
research staff access the records. Participants are identi-
fied only by means of a coded number specific to each
participant. The OMC-EDCS trial database is securely
protected and encrypted. All computerized databases
identify participants by numeric codes only.

Statistical analysis

Analyses will be performed using SAS® software (Cary,
NC, USA) and will follow the intention-to-treat principle.
A two-tailed p-value < 0.05 will be considered statistically
significant. Study arms will be described and compared
using (i) means with standard deviations or medians with
inter-quartile range values for continuous variables or (ii)
frequencies with percentages for categorical variables.
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Primary outcome

The primary analytical plan will use the rank-based
Mann-Whitney U test to compare 28-day PedsQL"™
scores between the two arms. A non-parametric test is
necessary as we do not expect PedQL"™ data to be nor-
mally distributed, largely due to non-survivors being
assigned a score of 0. Pre-specified secondary analysis
of the primary outcome will also be done incorporating
the PedsQL™ scores at baseline, 28 and 90 days. Par-
ticipants who are lost to follow-up and do not complete
the PedsQL"™ at 28 days will be treated as missing in the
analysis. Analysis will be done using a generalized linear
repeated measures model accounting for repeated meas-
urements on the same participant (a participant may die
or be lost to follow-up). In this analysis, we will evaluate
the relationship between the primary outcome measure
and covariates such as baseline HRQL, 250HD status,
PedsQL™ age brackets, sex, kidney dysfunction accord-
ing to RIFLE criteria [51], and illness severity measured
using the pediatric risk of mortality (PRISM IV) score at
enrollment. If potential relationships are observed, we
will adjust for them in the analysis.

Secondary and tertiary outcomes

Other analyses will be evaluated between groups based
on data type. Continuous outcome measures will be
evaluated using the t-test or Mann—Whitney (where
appropriate). Binary secondary outcome measures will be
compared between the two treatment groups using Fish-
er’s exact or Chi-square test. For the analysis of outcomes
measures that represent time to event (PICU or hospital
discharge), we will apply the log rank test and generate
Kaplan—Meier curves. The analysis may be expanded to
multivariate regression models (e.g., if uneven distribu-
tion of important variables is identified). Participants
who are lost to follow-up and do not complete the Ped-
sQL™ at 90 days will be treated as missing in the analysis
of this tertiary outcome.

Metabolomics analysis

Non-targeted metabolomics analysis will be performed
on blood and urine using an extensively validated multi-
plexed separation method for high throughput metabolic
phenotyping based on multisegment injection-capillary
electrophoresis-mass spectrometry (MSI-CE-MS) [52,
53]. This method is applicable to the analysis of a wide
array of ionic/polar metabolites in volume-limited bio-
logical samples with stringent quality control protocol
[52], including matching serum and urine specimens.
These will be analyzed for speciation of multiple vitamin
D metabolites using LC-MS/MS with parallel reaction
monitoring, including the major catabolites of 250HD3
such as the 3-epimer of 250HD3 and 24,25(0OH),D3 [54].
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This technique will also allow measurement of less bioac-
tive vitamin D catabolites that are not typically resolved
by conventional immunoassays [55] but which may be
more impacted by high-dose bolus intervention, when
compared with low-dose daily restoration regimens [56].
Furthermore, comprehensive lipidomic analyses of serum
extracts will be performed using reversed-phase liquid
chromatography-mass spectrometry (LC-MS) since
increases in 250HD have been shown to generate favora-
ble changes in several distinct lipid classes coinciding
with lower 28-day mortality, including sphingomyelins,
plasmalogens, lysoplasmalogens, and lysophospholipids
[57]. Additional previously unexplored metabolites of
potential clinical significance will be identified by acquir-
ing high resolution MS/MS with confirmation by com-
parison with authentic standards, thus allowing for their
biochemical interpretation [58]. Complementary mul-
tivariate and univariate statistical methods will then be
used to reduce data dimensionality while ranking metab-
olites significantly associated with changes in serum
250HD concentrations and HRQL after adjustment for
multi-hypothesis testing (false discovery rate; g<0.05)
and confounders. We will also report on and compare (by
interventional group) the enrollment and post-interven-
tion levels of calcium:creatinine.

Subgroup analyses

As with the primary outcome, we will perform addi-
tional exploratory subgroup analysis based on the fol-
lowing baseline subgroup characteristics: 250HD
status (grouped by screening levels 0-29 nmol/L and
30-49 nmol/L), age, sex, kidney dysfunction (according
to RIFLE criteria), and illness severity (PRISM IV score).

Interim analyses and DSMB

Interim analyses are scheduled to occur after primary
outcome data becomes available for 100 participants
(completed), and 383 participants (50% of sample size)
are enrolled and have completed all study procedures,
with CRFs locked (not yet completed). The second
interim analysis will also include a planned futility anal-
ysis. As per the Data Safety Monitoring Board (DSMB)
Charter, the trial will be stopped for futility if the con-
ditional power of the observed difference at the interim
analysis is < 20%.

The DSMB is comprised of two clinical experts (pedi-
atric intensivist and nephrologist) and a biostatisti-
cian (DSMB chair). Terms of Reference were created
and approved by all DSMB members and the PI before
recruitment commenced. The DSMB functions inde-
pendently and at arm’s length from the trial investigators
and the Steering Committee. The DSMB reviews trial
deaths and adverse events potentially related to the trial
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intervention, makes recommendations to the Steering
Committee based on these reviews regarding the con-
tinuation, modification, or termination of the trial, and
comments on the relevance of new external published
data from other trials that may impact on participant
safety or efficacy of the trial treatments.

Monitoring

Sites are monitored once the first participant has been
enrolled and primary outcome data obtained, then every
6 months (or more frequently as needed). Monitors
ensure site adherence to protocol, GCP, and regulatory
requirements.

Ethics and regulatory requirements

Approval from Health Canada and research ethics boards
at all participating sites was obtained before the initia-
tion of recruitment. Protocol amendments are commu-
nicated as necessary to those involved in the trial. Trial
protocol was approved by Clinical Trials Ontario (CTO)
(1761) and regulatory approval was obtained from
Health Canada (control number 223325). The trial was
first posted on Clinicaltrials.gov on November 15, 2018
(NCT03742505).

Close out

At trial close out, all research records will be retained for
a minimum of 15 years. The trial drug will be returned
to the coordinating center where it will be reconciled and
destroyed according to site-specific pharmacy proce-
dures and regulatory requirements. Trial data will only be
accessible to the PI, research coordinator(s), or delegate.

Dissemination and access to data
The PI will submit the results of this trial for publication
in a peer-reviewed journal. Metabolomics sub-study find-
ings will be reported separately. Interim and final results
will be presented at national and international scientific
meetings, including at CCCTG meetings.

Data analysis will occur at the CHEO Research Insti-
tute (RI)/Ottawa Hospital Research Institute (OHRI).

Discussion

The prevalence and impact of VDD in critical illness is
well established, both in Canada and around the world.
Our group’s international phase II dose evaluation
trial, VITdAL-PICU [34], confirmed that a single load-
ing dose of 10,000 IU/kg of cholecalciferol (maximum
400,000 IU) can rapidly restore blood 250HD levels in
deficient patients to physiological levels, with no evi-
dence of toxicity or related AEs. The VITdALIZE-KIDS
trial is the first phase III, multicenter RCT investigat-
ing the hypothesis that rapid normalization of vitamin
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D status could represent a simple, inexpensive, and safe
means of improving outcomes following pediatric critical
illness. This trial is regulated by Health Canada and was
confirmed to be compliant during a routine inspection
by Health Canada (consisting of a sponsor inspection in
May 2023 and two site inspections in June and Septem-
ber 2023).

To date, the DSMB has reviewed the first 100 partici-
pants enrolled with primary outcome data and did not
have any concerns about safety, nor did they recommend
any changes to the trial. However, during the recruitment
phase of this trial, challenges to enrollment were encoun-
tered as outlined below. In light of these challenges, the
Steering Committee and DSMB recommended that the
trial continue at least until the interim analysis at 383
participants (50% enrollment target).

We had initially planned for 3 years of recruitment
based on an expected 2-2.5 participants recruited per
month per center (consistent with our experience across
a wide variety of pediatric and adult RCTs) and assuming
a VDD rate of 60-70%. However, we observed a lower-
than-expected VDD rate of 41% (180 VDD out of 438
250HD measured at the 100-participant interim analy-
sis), resulting in an expected recruitment of an average of
1-2 participants per month per center, based on the cur-
rent observed VDD rate. Additionally, due to the impact
of COVID-19 related restrictions on family presence
at the bedside and study staff presence and recruitment
practice, it was necessary to make several modifications
which have been documented by applying the CON-
SERVE protocol [59] and CONSERVE-SPIRIT check-
list (Additional file 2). In light of these challenges, the
recruitment duration has been amended to 6 years with a
funding end date of March 2026.

Since initiating recruitment, we have also imple-
mented several modifications to the protocol unrelated
to COVID-19 that were aimed at removing barriers to
enrollment and improving retention: (1) we have updated
the length of stay (LOS) inclusion criterion from
“expected PICU LOS>48 h at trial enrollment” to the
inclusion criterion of “PICU admission” and exclusion
criterion of “expected PICU discharge prior to trial drug
administration and/or expected hospital LOS<3 days
after enrollment” This 3-day cutoff was determined after
2.5 years of recruitment (January 2022), at which point
4595 patients had been excluded for this criterion, but
on review of hospital LOS of enrolled participants to that
point, fewer than 5% of patients were actually discharged
prior to 48-72 h. This amendment ensured that only
critically ill patients would be enrolled, but the number
of eligible patients could be maximized. (2) The inclu-
sion criterion of post-intervention bloodwork at>48 h
(range: Days 2—7) was initially included to ensure sample
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collection for the metabolomics sub-study and interim
DSMB analysis, but this was removed when sufficient
patients had been enrolled to complete these (July 2022).
Similarly, all post-intervention blood and urine collection
also concluded at this point, to lessen the burden for fam-
ilies and trial sites. Additionally, more minor changes to
the protocol are presented in Additional file 3.

Conclusion

High VDD rates in Canadian PICUs are associated with
worse clinical outcome for patients and higher healthcare
costs. Recognized interactions between vitamin D sta-
tus and the health of multiple organ systems suggest this
could represent an inexpensive, safe means of improv-
ing outcomes both in terms of patient health and PICU
resource use. However, the effect of rapid normalization
of vitamin D status on clinical outcomes following pedi-
atric critical illness has never been evaluated in a clini-
cal trial, prior to this RCT. Trial findings will be used to
inform guidelines for vitamin D supplementation.

Trial status

Recruitment for the VITdALIZE-KIDS trial is expected
to continue until March 2026 and was started at sites
on the following dates: Children’s Hospital of Eastern
Ontario (June 17, 2019), London Health Sciences Centre
(September 26, 2019), Montreal Children’s Hospital (Sep-
tember 9, 2020), Centre hospitalier universitaire Sainte-
Justine (November 18, 2020), McMaster Children’s
Hospital (January 13, 2021), Alberta Children’s Hospi-
tal (February 10, 2021), BC Children’s Hospital (April 5,
2021), The Hospital for Sick Kids (December 13, 2021),
Stollery Children’s Hospital (January 30, 2023), and IWK
Health Centre (May 8, 2023). At the time of this manu-
script development, recruitment has not yet started at
Centre mére-enfant Soleil du CHU de Québec Université
Laval. As of April 20, 2024, approximately 55% (n=419)
of the target sample size has been enrolled with approxi-
mately 98% (n=411) of those having completed all study
procedures, and the interim analysis has been scheduled.
Protocol v25-Oct-2023 is currently in use.

Abbreviations

VDD Vitamin D deficiency

HRQL Health-related quality of life

PICU Pediatric intensive care unit

NAM National Academy of Medicine

uL Tolerable upper intake level

CHD Congenital heart disease
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CCCTG Canadian Critical Care Trials Group
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eCRF Electronic case report form
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MSI-CE-MS  Multisegment injection-capillary electrophoresis-mass spectrometry
LC-MS Liquid chromatography-mass spectrometry

AE Adverse events

MCID Minimal clinically important difference
OMC-EDCS  Ottawa Methods Centre-Electronic Data Capture System
DSMB Data safety monitoring board
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