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Abstract

Background: Prospective randomized trials in severely burned children have shown the posi-
tive effects of oxandrolone (OX), beta blockers (BB) and a combination of the two (BBOX) on
hypermetabolism, catabolism and hyperinflammation short- and long-term post-burn. Although
data on severely burned adults are lacking in comparison, BB, OX and BBOX appear to be
commonly employed in this patient population. In this study, we perform a secondary analysis
of an international prospective randomized trial dataset to provide descriptive evidence regarding
the current utilization patterns and potential treatment effects of OX, BB and BBOX.

Methods: The RE-ENERGIZE (RandomizEd Trial of ENtERal Glutamine to minimIZE Thermal Injury,
NCT00985205) trial included 1200 adult patients with severe burns. We stratified patients according
to their receipt of OX, BB, BBOX or none of these drugs (None) during acute hospitalization. Descrip-
tive statistics describe the details of drug therapy and unadjusted analyses identify predisposing
factors for drug use per group. Association between OX, BB and BBOX and clinical outcomes such
as time to discharge alive and 6-month mortality were modeled using adjusted multivariable Cox
regressions.

Results: More than half of all patients in the trial received either OX (n=138), BB (n=293) or
BBOX (n=282), as opposed to None (n =487, 40.6%). Per study site and geographical region, use
of OX, BB and BBOX was highly variable. Predisposing factors for the use of OX, BB and BBOX
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included larger total body surface area (TBSA) burned, higher acute physiology and chronic health
evaluation (APACHE) Il scores on admission and younger patient age. After adjustment for multiple
covariates, the use of OX was associated with a longer time to discharge alive [hazard ratio (HR)
0.62, confidence interval (Cl) (0.47-0.82) per 100% increase, p=0.001]. A higher proportion of days
on BB was associated with lower in-hospital-mortality (HR: 0.5, Cl 0.28-0.87, p=0.015) and 6-month

mortality (HR: 0.44, Cl 0.24-0.82, p=0.01).

Conclusions: The use of OX, BB and BBOX is common within the adult burn patient population,
with its use varying considerably across sites worldwide. Our findings found mixed associations
between outcomes and the use of BB and OX in adult burn patients, with lower acute and 6-
month-mortality with BB and longer times to discharge with OX. Further research into these
pharmacological modulators of the pathophysiological response to severe burn injury is indicated.

Key words: Burns, Critical illness, Hypermetabolism, Oxandrolone, Beta blocker

Highlights

* The use of OX, BB and BBOX is common within the adult burn patient population, with its use varying considerably across

sites worldwide.

* By analyzing the largest available patient cohort of severely burned adults to date, we give insights into the current clinical

use and significance of OX, BB and BBOX in international burn centers.

* The findings show mixed associations between outcomes and the use of BB and OX in adult burn patients, with lower acute
and 6-month-mortality with BB and longer times to discharge with OX.
* BB and OX may be able to modulate the pathophysiological response to burn injury in severely burned adults, with significant

benefits for patient outcomes.

Background

Severe burns are among the most devastating forms of trauma
and predominantly affect younger adults in low- and middle-
income countries [1]. Burns encompassing more than one-
fifth of the total body surface area (TBSA) are known to
cause a severe pathophysiological stress responses, which
can impact multiple organ systems, over a protracted course
if the patient recovers from their acute injuries. Acute and
long-term systemic perturbations include catabolic hyperme-
tabolism with increased resting energy expenditure (REE) and
severe muscle wasting [2], hyperinflammation [3], impaired
immune function [4] as well as cardiac dysfunction [5, 6].
Pharmacotherapy aids recovery and improves clinical out-
comes following a severe burn by attenuating the hyperme-
tabolic state through several pathways. Beta blockers (BB),
such as propranolol, provide systemic blockade of beta adren-
ergic stimulation, thereby opposing the hypercatabolic path-
ways, and have been shown to improve clinical outcomes
in severely burned children [7]. It has also been shown in
randomized controlled trials (RCT), that administration of
BB, either during the acute [8, 9] phase of a burn or for up
to 1 year later [10], exert numerous positive effects on short-
and long-term outcomes in children. Recent studies have elu-
cidated some of the pathways by which BB improve outcomes
in burn patients, such as reducing cardiac work, [11] REE
[8] and accumulation of central fat [10] and increasing the
efficiency of muscular protein synthesis. Two considerably
smaller RCTs in severely burned adult patients showed signs
of faster donor-site wound healing and diminished perioper-
ative blood loss [11], as well as decreased healing time and

hospitalization, without assessing metabolic, inflammatory
or organ-specific parameters [12].

In addition to BB, anabolic steroids have been used
to reduce the severe catabolism, dysfunctional net protein
turnover and marked reduction in lean body mass (LBM)
associated with post-burn hypermetabolism in severely
burned children. A number of positive effects were noted
both acutely as well as after year-long administration of
the non-virilizing anabolic steroid oxandrolone (OX) [13].
Results of these randomized clinical trials in pediatric burn
patients suggest that the administration of OX reduces
cardiac work as well as increasing bone mineral content,
LBM and muscle strength, and might shorten hospitalization
[14-17]. Again, fewer and smaller (albeit one multicentric)
RCTs in severely burned adults were able to demonstrate
shorter hospitalization [18] and improved anabolic protein
kinetics [19].

Given these benefits in post-burn hypermetabolism, the
combination of BB and OX administration was studied
in severely burned children and yielded promising results
regarding short- and long-term body composition, muscle
strength, protein turnover [20], improvements in overall self-
reported physical function, as well as subjective and objective
measurements of scarring [21]. Nonetheless, prospective
evidence for the benefit of these agents, alone and particularly
in combination, in severely burned adults remains lacking,
and it is presently unknown how often either, or both, of
these agents are used in adult burn patients across the world.

The RE-ENERGIZE (RandomizEd Trial of ENtERal Glu-
tamine to minimIZE Thermal Injury, NCT00985205) trial,
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a phase 3 study which prospectively included 1200 severely
burned adults, did not find any benefit in supplementing
high-dose glutamine to severely burned adults [22, 23]. This
study found no detectable differences in primary outcomes
(discharge alive from hospital), as well as secondary (acute
and 6-month mortality), and tertiary outcome parameters
(bacteremia incidence, urea, creatinine, bilirubin, glucose lev-
els, no difference in cardiac, gastrointestinal, hepatobiliary,
nervous system, renal, respiratory, skin and subcutaneous
tissue disorders related to exposition to either treatment
arm). Nonetheless, the RE-ENERGIZE dataset represents
a large, multi-center, multi-national population, which was
used to perform a cross-sectional analysis of usage of BB,
OX or the combination of the two (BBOX) to provide novel
insights into the current usage of these agents in severely
burned adults.

Therefore, the purpose of this study was to assess the
current status quo of BB and OX use across international
burn centers, assess details of drug administration and iden-
tify predisposing factors within the severely burned patient
population for use of either BB, OX, BBOX or none (None).
Further, we aimed to analyze key clinical outcomes asso-
ciated with administration of BB, OX, BBOX or None in
this unique global study population of adults with severe
burns.

Methods

As explicated in the previous publications, patients with
burns affecting >20% TBSA (18-39 years of age), 15% TBSA
with concomitant inhalation injury (18-39 years of age) or
10% TBSA (>60 years of age) were randomly allocated to
treatment with either 0.5 g of enteral glutamine per kg of
bodyweight per day or placebo during their intensive care unit
(ICU) stay [23, 24]. All other clinical decisions, including use
of BB, OX, BBOX or None were left to the discretion of the
clinical team.

The trial randomized 1209 severely burned adults. A total
of 9 patients died, withdrew consent or were discharged
before receiving the first dose of study medication, which
resulted in an intention-to-treat population of 1200 patients.
Data collected included patient demographics [age, sex, eth-
nicity, body mass index (BMI)], injury characteristics [cause
of burn: scald, fire, chemical, other; TBSA affected, sequential
organ failure assessment (SOFA) and acute physiology and
chronic health evaluation (APACHE) II score on admission],
as well as clinical outcomes [such as, the duration of mechan-
ical ventilation, ICU length of stay (LOS), length of hospital
stay (LOHS), number of operative procedures, time to dis-
charge alive, in-hospital mortality and 6-month-mortality].
As part of the daily data collection, the administration of BB
and/or OX was documented as a dichotomous variable, since
the specific type of BB and precise dosing of BB and OX were
not documented in the RE-ENERGIZE study. The geographic
region and characteristics of participating burn centers were
also recorded.

All 1200 patients were included in this analysis and were
stratified into four groups, based on the following inclusion
criteria: BB (received at least one systemic administration of
BB during hospitalization, without OX administration), OX
(received systemic OX at least once during hospitalization,
without BB administration), BBOX (received BB and OX each
at least once during hospitalization), None (received neither
systemic BB nor OX during hospitalization). No patients were
excluded from this analysis.

Descriptive statistics and tests of significance were per-
formed using GraphPad Prism Version 9.4.1. (La Jolla, CA).
Continuous variables were tested for normality using the Kol-
mogorov-Smirnov test and reported as median and interquar-
tile range if not normally distributed. Chi-squared testing
was performed for categorical variables and Mann—Whitney
tests were performed for continuous variables if not normally
distributed.

We used a linear mixed effects model estimated by maxi-
mum likelihood with a fixed effect for region and a random
effect for ICU, to test for significant variation in BB, OX
and BBOX usage between regions and between ICUs within
regions. Univariate regression analyses were used to deter-
mine predisposing demographic and clinical factors for the
use of OX, BB or BBOX.

The primary endpoint of this analysis was time to dis-
charge alive; secondary endpoints were acute and 6-month-
mortality.

To investigate whether or not BB or OX were significant
predictors of time to discharge alive, we used a Cox pro-
portional hazards model with random frailty for ICU and
we treated any death prior to 72 h after hospital discharge
as a competing risk precluding discharge alive. Covariates
included for adjustment were selected based on a priori con-
siderations. We also used a Cox proportional hazards model
with random frailty for ICU to model 6-month mortality after
controlling for the same covariates. In both models we tested
for an interaction (effect modification) between BB and OX
and removed the interaction term if it was not statistically
significant. Due to the exploratory nature of this analysis,
we considered a two-sided p-value <0.05 without adjustment
or multiplicity as indicative of statistical significance. All
modelling was performed using SAS version 9.4 (SAS Institute
Inc, Cary, NC, USA).

Results

All 1200 patients included in the primary analysis were
included in the current analysis. Per geographic region of the
respective burn center, the majority of patients in this trial
were treated in the USA (56 %), followed by Canada (17%),
the EU (12%), UK (9%), Latin America (4%) and Asia (2%).
Demographics and baseline clinical variables by group
stratification based on exposure to BB, OX, BBOX or None
are summarized in Table 1. Of the included patients, 293
(24%) received BB alone, 282 (24%) received BBOX, 138
(12%) received OX alone and 487 (41%) received None.
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Table 1. Patient demographics

All patients (0).¢ BB BBOX None P-value
n 1200 138 293 282 487
Female (%) 26 20 27 22 29 0.09
Male (%) 74 80 73 78 71 0.09
TBSA (%) 28 (20-40) 37 (26-49) 25 (20-40) 35 (27-49) 24 (19-33) <0.0001
Age (years) 50 (34-63) 48 (34-61) 50 (33-65) 44 (29-58) 54 (37-65) 0.0002
BMI (kg/m?) 27.1(23.9-31.5)  27.2 (24.0-30.8)  26.7 (23.4-31.1)  280.09 (24.7-33.6)  26.6 (23.8-30.8)  0.005
CCI 0(0-1) 0 (0-1) 0 (0-1) 0(0-1) 0(0-1) ~ 0.99
SOFA Score 3 (1-5) 2 (1-4) 3 (1-5) 3 (1-6) 2 (0-5) 0.006
Apache II Score 12 (8-20) 14 (9-19) 12 (7-19) 17 (11-23) 10 (7-17) <0.0001
Cause of injury
Scald (%) 7.2 6.5 8.5 2.8 9.0 0.02
Fire (%) 89.9 90.6 88.4 95.7 87.3 0.004
Chemical (%) 2.4 2.2 2.4 1.4 3.1 0.71
Other (%) 0.5 0.7 0.7 0.00 0.6 0.76
Ethnicity
White (%) 75.7 73.2 78.2 76.6 74.3 0.73
Black (%) 8.1 13.0 10.2 8.5 5.13 0.02
Hispanic (%) 7.9 6.5 2.7 9.6 10.5 0.002
Asian/Pacific Islander (%) 4.3 2.9 4.1 2.1 6.2 0.09
Native (%) 2.6 1.5 3.1 2.5 2.7 0.91
East Indian (%) 0.3 0.7 0.3 0.0 0.4 0.80
Other (%) 1.1 2.2 1.4 0.7 0.8 0.66

All data are presented as median (interquartile range) or percentages (%). For more detailed descriptive demographics and baseline data see the
original publication of the RE-ENERGIZE trial [24]. TBSA total body surface area, BMI body mass index, OX oxandrolone only, BB beta blocker only, CCI
Charlson comorbidity index, APACHEacute physiology and chronic health evaluation score on admission, SOFA sequential organ failure assessment, BBOX

concomitant BB and OX, No#ne none of these drugs (BB, OX and BBOX)

Detailed drug administration data for BB, OX and BBOX
are summarized in Table 2. BB and OX were started early
after burn injury [BB: 5 (2-11) median (Q1-Q3) days post-
burn (dpb); OX: 3 (2-8) dpb]. Relative to each patient’s
individual LOHS, OX was started on average after 10%
completion of LOS and ended after 92% completed LOS;
BB was started at 17% LOHS and ended at 74% LOHS.
The majority of patients receiving BB or OX continued to
do so up to their last day of hospitalization (BB: 56%;
OX: 65%).

As shown in Table 1, factors associated with the admin-
istration of OX, BB or BBOX were being male, presenting
with larger TBSA burns and a younger age than patients who
received None (Table 1). Figure 1 shows the relative likeli-
hood of receiving BB, OX, BBOX or None per geographic
region and the respective absolute number of patients. Figure
S1 (see online supplementary material) provides a world-
map-visualization of BB, OX, BBOX or None use per geo-
graphic region. Table S1 (see online supplementary material)
outlines high variability in administration of OX and BB not
only per geographical region but also within various sites
within each region. For example, the percentage of patients
from sites in the USA that received BB ranged from 34.7
to 100% whereas the percentage that received OX ranged
from 0 to 100%. Both the between region and between ICU
variance were statistically significant at p < 0.01. Unadjusted
analyses of predisposing factors for the use of OX, BB and

BBOX are summarized in Table S2 (see online supplementary
material). Overall, larger TBSA burns and worse APACHE II
score on admission predisposed for use of BB, OX or BBOX
over no medication. Male sex predisposed for BBOX and OX
alone. Younger age and higher SOFA scores on admission
predisposed for combination treatment with BBOX.

Association between OX and BB use and outcomes
When controlling for relevant covariates, the respective
independent association of OX and BB administration,
expressed as the proportion of hospital days receiving either
OX or BB, and time to discharge alive, was modelled and
is summarized in Table 3. There was no suggestion of BB or
OX modifying each other’s association with time to discharge
alive (test for interaction p-value=0.57) so no interaction
term was included in the model. A higher proportion of
hospital days on OX (with or without BB) was associated
with significantly slower time to discharge alive [hazard ratio
(HR): 0.62 confidence interval (CI) (0.47-0.82), p=0.001]
per 100% increase, but BB (with or without OX) was not
significantly associated with time to discharge alive. Time to
discharge alive differed by geographic region. Being female
and having higher TBSA, age, Charlson comorbidity index
(CCI), Apache II score and SOFA score were all associated
with slower time to discharge alive.

Tables 4 and 5 repeat the prior analysis but with in-
hopspital mortality and 6-month mortality as the outcome.
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Table 2. Detailed administration data of OX, BB or BBOX

All patients (0):¢ BB BBOX None P-value
Number of patients 1200 138 293 282 487
LOHS, day 31 (18-53) 33 (20-58) 33 (21-55) 44 (27-68) 23 (15-37) <0.0001
Earliest day on drug 3(2-8) 5(2-11) 0.001
Last day on drug 26 (14-45) 21 (13-34) 0.02
First day/LOHS 10.2 (5.6-23.8) 16.7 (7.8-34.6) 0.002
Last day/LOHS 91.5 (71.5-100) 74.5 (45.2-94.9) <0.0001
Days on drug (%) 71.4 (46.1-88.9) 38.5 (14.3-71.4) <0.0001
Drug until last day (%) 65.2 54.9 0.047

Earliest day on drug and last day on drug are presented as absolute medians [interquartile range (IQR)]. First day/LOHS equals the first day of drug
administration as a percentage of LOHS [median % (IQR)]. Last day/LOHS equals the day of drug administration as a percentage of LOHS [median %
(IQR)]. Days on drug: percentage of days receiving OX, BB of LOHS [median (IQR)]. Drug until last day: percentage of patients receiving OX, BB on last day
of hospitalization. LOHS length of hospital stay, OX oxandrolone only, BB beta blocker only, BBOX concomitant BB and OX, None none of these drugs (BB,

OX and BBOX)
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Figure 1. Geographical distribution of OX, BB, BBOX or None therapy use. Left: relative likelihood; right: absolute number of patients per region. OX oxandrolone

only, BB beta blocker only, BBOX concomitant BB and OX, None none of these drugs (BB, OX and BBOX)

Table 3. Multivariable Cox regression of time to discharge alive

HR? 95% CL P-value
Geographical region 0.0011
Asia vs USA 0.43 0.22 0.87
Canada vs USA 0.80 0.53 1.20
EU vs USA 0.79 0.54 1.16
Latin America vs USA 0.34 0.16 0.70
UK vs USA 0.80 0.52 1.26
Female vs. male 0.75 0.65 0.88 0.0004
TBSA 0.95 0.95 0.96 <.0001
Age 0.98 0.97 0.98 <.0001
CCI 0.85 0.78 0.92 <.0001
Apache II score 0.97 0.96 0.98 <.0001
BMI 1.00 0.99 1.02 0.4385
SOFA score 0.90 0.88 0.93 <.0001
% Days on BB® 0.98 0.77 1.25 0.8749
% Days on OX 0.62 0.47 0.82 0.0008

HR hazard ratio, CL confidence limits, TBSA total body surface area, BMI body mass index, OX oxandrolone only, BB beta blocker only, CCI
Charlson comorbidity index, APACHE Aaute physiology and chronic health evaluation score on admission, SOFA sequential organ failure assessment, BBOX
concomitant BB and OX, None none of these drugs (BB, OX and BBOX)

3Hazard ratios <1 indicate slower time to discharge alive which can be due to higher mortality and/or longer hospital stay time
bThe interaction between days on BB and days on OX was tested and yielded p = 0.57, so it was excluded for model simplicity
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Table 4. Multivariable Cox regression of in-hospital mortality

HR? 95% CL P-value
Geographical region 0.0011
Asia vs USA 2.352 0.744 7.435
Canada vs USA 0.549 0.321 0.940
EU vs USA 0.913 0.522 1.597
Latin America vs USA 5.589 4.009 7.791
UK vs USA 0.707 0.304 1.641
Female vs male 1.156 0.880 1.519 0.2965
TBSA 1.041 1.033 1.050 <.0001
Age 1.061 1.045 1.077 <.0001
CCI 1.136 1.038 1.243 0.0057
Apache II score 1.024 1.003 1.046 0.0225
BMI 1.013 0.981 1.047 0.4295
SOFA score 1.131 1.084 1.179 <.0001
% Days on BBP 0.495 0.281 0.873 0.0152
% Days on OX 1.051 0.581 1.899 0.8699

HR hazard ratio, CL confidence limits, TBSA total body surface area, BMI body mass index, OX oxandrolone only, BB beta blocker only, CCI
Charlson comorbidity index, APACHE acute physiology and chronic health evaluation score on admission, SOFA sequential organ failure assessment

3HR > 1 indicates increased hazard of mortality

bThe interaction between days on BB and days on OX was tested and yielded p = 0.87, so was excluded for model simplicity

Table 5. Multivariable Cox regression of 6-month mortality

HR® 95% CL P-value

Geographical region <.0001

Asia vs USA 2.43 0.92 6.42

Canada vs USA 0.58 0.30 1.11

EU vs USA 0.90 0.48 1.69

Latin America vs USA 5.63 2.47 12.82

UK vs USA 0.73 0.37 1.44
Female vs male 1.09 0.79 1.51 0.5825
TBSA 1.04 1.03 1.05 <.0001
Age 1.06 1.05 1.07 <.0001
CCI 1.14 1.05 1.23 0.0024
Apache II score 1.03 1.01 1.05 0.004
BMI 1.01 0.99 1.04 0.3185
SOFA Score 1.13 1.07 1.19 <.0001
% Days on BB® 0.44 0.24 0.82 0.0099
% Days on OX 1.06 0.59 1.90 0.8448

HR hazard ratio, CL confidence limits, TBSA total body surface area, BMI body mass index, OX oxandrolone only, BB beta blocker only, CCI

Charlson comorbidity index, APACHE acute physiology and chronic health evaluation score on admission, SOFA sequential organ failure assessment

3HR > 1 indicates increased hazard of mortality

bThe interaction between days on BB and days on OX was tested and yielded p = 0.62, so was excluded for model simplicity

Again, there is no suggestion of interaction between OX and
BB (p=0.87 and p=0.62, resepectively) so the interaction
term was not included in the model. After controlling for
covariates, the in-hospital mortality HR for 0 vs. 100%
days on BB was 0.5 (0.28-0.87, p=0.015), There was no
significant adjusted association between OX and in-hospital
mortality. The 6-month mortality HR for 0 vs. 100% days on
BB was 0.44 (0.24-0.82, p =0.01). There was no significant
adjusted association between OX and 6-month mortality. As
with time to discharge alive, both in-hospital and 6-month
mortality differed by region, and increasing TBSA, age, CCI
and SOFA score were significantly associated with worse out-
come. Figure 2 shows the unadjusted Kaplan—-Meyer survival
plots for all patients of all four groups.

Probability of Survival

100 -

80

60 —

40

Log-rank (Mantel-Cox) test: p<0.0001

T T T
10 20 30

T T T T T 1
40 50 60 70 80 90
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Figure 2. Unadjusted Kaplan-Meyer survival plot stratified per exposition to
OX, BB, BBOX or None. OX oxandrolone only, BB beta blocker only, BBOX
concomitant BB and OX, None none of these drugs (BB, OX and BBOX)
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Discussion

The present study is the first to our knowledge to provide
large-scale robust data about the clinical significance and
usage patterns of BB, OX and combinations of the two
drugs within a large collective of severely burned adults and
among international burn centers. As 59% of patients in our
international sample received either BB, OX or BBOX, we are
able to confirm smaller studies that indicate that the use of BB,
OX or BBOX is common in the treatment of severely burned
adults, despite a persistent lack of conclusive data confirming
their efficacy or safety in this patient population [25]. A
recent survey of practice in the USA and a literature review
indicate that a variety of adult burn centers have adopted
regular usage of BB and OX administration [26, 27]. Our
findings suggest that a large portion of burn care providers
around the world are convinced that potential mitigation of
hypermetabolism and hypercatabolism through BB and OX
can improve patient outcomes enough to warrant adminis-
tration. In this context, our unadjusted analyses revealed that
there is a clear tendency to use these drugs in patients that
are younger and more severely burned. This could be rooted
in data from prospective RCTs that demonstrated favorable
outcomes of BB and BBOX administration in severely or even
massively burned children [8, 20]. It might also reflect the
well-established notion that the degree of hypermetabolism
and hypercatabolism correlates positively with TBSA [3].
The majority of patients in this study were treated in the
USA, which is where OX was primarily used alone and in
combination with BB, while prevalence of OX use in the EU
and Asia was lower. One reason could be the availability of
OX, which is significantly limited outside the USA and New
Zealand and, outside of these countries, frequently necessi-
tates more complicated and costly import via international
pharmacies [13]. Accordingly, the use of more readily avail-
able BB was more evenly distributed throughout geographical
regions worldwide.

Our data further show that administration of BB and OX
was initiated early (5 and 3 dpb, respectively) post-burn,
which is in line with the largest pediatric clinical trial to date,
in which OX and BB were started on day 4 post-burn, after
initial cardiocirculatory stabilization [21]. The duration of
daily drug administration throughout a patient’s hospital stay
varied between drug groups, with the highest adherence to
OX treatment for almost three-quarters of patients’ hospital-
ization days. Of note, the majority of patients on either OX
or BB received their respective drug on their last day before
discharge from the hospital. The finding of relatively strong
adherence to OX administration ties in with literature advo-
cating for continuous and long-term use of anabolic agents to
combat catabolism, which has been shown to persist for years
in pediatric burn patients [14, 21, 28]. Extrapolation from
these results and from other large studies in which sarcopenia
is attenuated through oral OX administration (i.e cancer-
related weight loss) might justify the administration patterns
seen in the patient groups of this trial [29, 30]. Our unadjusted
analyses of predisposing factors for the use of OX, BB or

BBOX over none of the three indicate a tendency to use these
drugs in younger and more severely injured patients, as TBSA
and APACHE II scores and patient age at admission were
significant predictors for OX, BB and BBOX use. The well-
established positive pathophysiological correlation between
burn severity (expressed via TBSA) and the extent of hyper-
metabolism, hyperinflammation and catabolism, respectively,
might have driven individual treatment decisions for the
use of either drug as observed in this study [6, 28, 31].
Nonetheless, one striking finding of this analysis is a high
degree of variability regarding the OX and BB protocols,
not only across geographical regions worldwide, but also
across study sites within individual regions, such as the USA.
This highlights the need for prospective studies to clearly
determine potential therapeutic benefits and optimal dosing
of BB, OX and BBOX. Otherwise, when considering the status
quo, some patients may be harmed by ongoing over usage
of these drugs or others harmed by underutilization of these
therapeutic agents, and we will not know which until further
trials are conducted.

For the first time in any large adult collective of severely
burned adults, we present significant evidence that BB use
might decrease mortality after severe burn injury. Our mul-
tivariable model adjusts for the most relevant confounders
and uses the proportion of hospital days on BB as a robust
and independent predictor of 6-month mortality. Naturally,
these results need to be interpreted with caution, as singular
interventions have become increasingly improbable to alter
mortality on a large scale [32]. However, the fact that the
observed effect size is rather large and remains significant in a
large and heterogenous patient collective strongly encourages
further investigation.

Several studies have shown improved acute and long-term
physical recovery from severe burn injury following the use of
OX to combat post-burn muscle wasting and aid in improved
protein homeostasis [16, 20, 33]. In contrast with the largest
RCT of OX use in severely burned adults with 81 participants
[18] and numerous pediatric RCTs [33], we found that use
of OX was associated with longer time to discharge alive.
One possible explanation for this observation could be het-
erogeneous discharge regimens among burn centers around
the world, i.e. with differing access to rehabilitation facilities,
which in turn might necessitate longer inpatient care. In line
with the aforementioned studies, OX use was not significantly
associated with in-hospital or 6-month mortality. Wound
healing times, which have been consistently reported to be
shorter in burned children and adults receiving OX, were not
available for analysis in this study.

This study has several limitations that bear consideration.
Several data points were not available for analysis, as they
were not collected in the RE-ENERGIZE trial, namely the
exact type of BB administered, as well as exact doses of OX,
BB or BBOX. Likewise, several endpoints that are essential
to assess effects of BB, OX and BBOX on hypermetabolism,
catabolism and hyperinflammation, such as LBM, muscle
strength, REE, cardiac work and others, were not available
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from the RE-ENERGIZE data set. While there is very lit-
tle probability of OX having been administered for a pre-
existing medical condition and not in relation to the sustained
acute burn injury, there might be patients in our data set
who received BB for other reasons beyond specifically for
their burn injury. This factor might bias inferences regard-
ing individual treatment decisions. Likewise, predictors of
treatment might lack some robustness, as some individual
site characteristics regarding treatment decisions for OX, BB,
BBOX or None were not available for analysis. Although we
adjusted for several important covariates, the main limitation
of this study, as with most observational studies, is that we
cannot be sure if observed associations are causal due to
the potential of residual confounding or potentially reverse
causality. For example, it is conceivable that people who were
expected to die early or to not stay long in the ICU were
not prescribed BB or OX. Lastly, the fact that no significant
differences in any primary, secondary and tertiary outcomes
were detectable in the RE-ENERGIZE trial based on patient
exposure to glutamine or placebo (main and supplementary
results of [24]), made us confident to exclude exposition
status to glutamine or placebo as a relevant confounder
of the results presented in this trial. That notwithstanding,
some physiological phenomena such as systemic inflamma-
tion were not assessed in the original data set and might
thus have introduced some mixed and interactive bias to this
post hoc analysis.

Despite these limitations we believe that the positive sig-
nals for BB and somewhat inconclusive results for OX were
both derived from a sufficiently large patient collective, and
are statistically robust and supported by a growing body of
literature to serve as a stepping stone for further and more
focused prospective randomized controlled trials into these
pharmaceutical interventions.

Conclusions

By analyzing the largest available patient cohort of severely
burned adults to date, we shed light on the current clinical
use and significance of OX, BB and BBOX in international
burn centers. We document considerable practice variabil-
ity within and between regions of the world and delineate
younger age and higher injury severity as predisposing factors
for use of OX, BB and BBOX. We found that use of BB
was significantly associated with reduced in-hospital- and 6-
moth mortality but not time to discharge alive. Conversely,
we found that use of OX was associated with longer ICU
stay but not mortality. While our data remain inconclusive
due to some methodological limitations, they are a strong
argument for further research into these drugs, particularly
given the high variability in treatment regimes across study
sites worldwide. Ultimately BB and OX may be able to
modulate the pathophysiological response to burn injury in
severely burned adults, with significant effects on patient
outcomes.
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