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Background: Dexamethasone contributes to high cure rates in paediatric acute lymphoblas-
tic leukaemia (ALL) but significantly and adversely alters sleep and fatigue. Herein we
explored three mechanisms (pharmacokinetics, serum albumin and pharmacogenetics)
through which dexamethasone may cause debilitating fatigue and disrupted sleep.
Methods: We enrolled 100 patients on a 10-d study: 5-d of no dexamethasone (OFF DEX) fol-
lowed by 5-d of dexamethasone (ON DEX) during continuation chemotherapy. Sleep vari-
ables were collected with continuous actigraphy on days 1 through 5, both OFF DEX and
ON DEX. On days 2 and 5 of each 5-d period, parents and patients 7 years of age and older
completed a sleep diary and Fatigue Scale questionnaire. Blood was collected at O (pre-
dexamethasone), 1, 2, 4 and 8 h after the first oral dexamethasone dose for pharmacoki-
netic analysis. Serum albumin concentration was retrospectively analysed in stored sam-
ples. Patient DNA was genotyped for 99 polymorphic loci in candidate genes associated
with glucocorticoid metabolism.
Results: Dexamethasone clearance was significantly greater in younger patients than in
older ones and in lower risk patients. In multiple regression models, risk group was signif-
icantly related to pharmacokinetic parameters. We found that polymorphisms in three
genes (AHSG, IL6, POLDIP3) were significantly associated with sleep measures but not with
fatigue.
Conclusion: Risk group had the most significant relationship with disrupted sleep in
patients while on dexamethasone. Serum albumin levels had neither a direct relationship
with sleep or fatigue variables nor an indirect relationship through systemic exposure to
dexamethasone. We identified candidate genes that may help explain the adverse events
of disrupted sleep in paediatric patients receiving dexamethasone.
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1. Introduction

Survival rates for childhood acute lymphoblastic leukaemia
(ALL) now exceed 80%, and with current therapy, these rates
are expected to rise to nearly 90%." These high cure rates
can be attributed to multiagent chemotherapy regimens that
include a backbone of glucocorticoid treatment throughout
remission induction chemotherapy and intermittent dosing
of glucocorticoids during maintenance/continuation therapy
(~2 years).’ Dexamethasone is the most effective glucocorti-
coid used to treat ALL, because it has higher systemic potency
and activity, direct apoptotic effects and higher cerebrospinal
fluid-to-plasma ratios than does prednisone.** Despite dec-
ades of use, we still do not fully understand the pharmacody-
namics of dexamethasone, which shows a wide range of side-
effect severity due to large intra- and inter-individual variabil-
ity in systemic exposure.®® Notable adverse events of gluco-
corticoid treatment include severe avascular necrosis,
altered behaviour (e.g. emotional lability, inattention/hyper-
activity, mania and psychosis), significantly disturbed sleep
and increased fatigue.”**

Sleep is essential for cellular restoration, tissue renewal,
wound healing and immune functioning.’®>* Sleep distur-
bances in healthy children and those with cancer have been
associated with decreased cognitive functioning, increased
fatigue affecting daily activities and lower perceived quality
of life.®**® Children and adolescents receiving glucocorticoid
therapy can experience serious and persistent sleep distur-
bances.®!® Sleep disturbances have been reported among
ALL survivors with as many as 50% reporting sleep problems
more than 10 years after the completion of therapy.’” Paediat-
ric protocols, including Children’s Oncology Group (COG) 9904
and 9905 and St. Jude Children’s Research Hospital (St. Jude)
Total XV, prescribe dexamethasone with doses varying from
30 to 60 mg/m? over 5- to 7-d pulses during maintenance che-
motherapy. The immediate and cumulative effects of this
prolonged use of dexamethasone in patients with ALL and
its resultant effects on sleep and fatigue are questions of re-
search interest.

A recently published study by Hinds and colleagues™
established the correlation between dexamethasone and ad-
verse health behaviours associated with sleep quality and fa-
tigue in 100 children and adolescents treated on COG and St.
Jude protocols in continuation therapy for ALL between weeks
50 and 76 at one of three specified points in treatment. This
study collected actigraphic data and child fatigue and parent
sleep and fatigue data during the 5-d that the child received
dexamethasone (ON DEX) and the 5-d that they did not (OFF
DEX). Even at baseline OFF DEX, patients had poor sleep qual-
ity with significantly poorer average sleep efficiency of 84%
(sleep efficiency = time asleep/total time in bed) than is con-
sidered the ‘acceptable normal’ in children and adolescents.
These patients also had more nocturnal awakenings, averag-
ing 12-16 per night, compared to healthy, age-matched cohort
which awakens 1-5 times per night.’® Recommended normal
sleep time in a child age 3-5 years is 11-13 h daily, school aged
child 10-11h, and an adolescent should have about 8.5—
9.5h.” Study findings also indicated that nocturnal sleep
minutes during ON DEX were lower than the recommended

daily hours by 2-3 h for each age cohort and similarly were
less during the OFF DEX period for each age cohort by 100-
140 min on average.’® In comparison, during ON DEX, patients
had progressively worse sleep, stayed in bed longer with long-
er periods of wake time after sleep onset (WASO) and had sig-
nificantly increased daytime fatigue.’®?° Sex-related
differences in sleep were also found in this cohort, i.e. girls
took more daytime naps and had less fragmented sleep than
did boys, after controlling for age and risk group.?* During ON
DEX, the higher total dose of dexamethasone and the ALL risk
group adversely affected sleep; however, these factors did not
explain the striking changes and extreme inter-patient vari-
ability in sleep and fatigue during that period.

The objective of this study was to investigate potential
mechanisms through which dexamethasone disrupted sleep
and increased fatigue in the previously described patient co-
hort; those mechanisms included dexamethasone pharmaco-
kinetics (PK), serum albumin levels and pharmacogenomics.
We hypothesised that dexamethasone PK, including the area
under the concentration-versus-time curve (AUC), achieving a
targeted threshold, clearance (CL) of dexamethasone, or dos-
ing regimen could explain the variability in sleep and fatigue
patterns. Yang et al.® found that albumin is the greatest mea-
surable factor in dexamethasone PK variability in paediatric
oncology patients during re-induction. Low serum albumin
correlates with and/or predicts severe fatigue in adult pa-
tients with cancer at baseline and during treatment.?>* Pa-
tients with a low serum albumin are four times more likely
to be fatigued.?® We looked directly for associations between
serum albumin levels and sleep and fatigue measurements
and indirectly through PK studies. Lastly, there is emerging
evidence that patients at risk for toxicities of dexamethasone
during treatment of ALL may be identified through pharmac-
ogenomics.? Knowledge of the glucocorticoid pathway as an
inducer and substrate of cytochrome P4503A (CYP3A)”*%® pro-
vided the rationale for the exploration of genes involved in
CYP3A, P-glycoprotein®’ and glucocorticoid receptor?® func-
tion, that may be predictive of sleep quality. Therefore, we ex-
plored the association of candidate gene polymorphisms with
sleep and fatigue variables OFF DEX and ON DEX.

2. Methods

2.1.  Participants

One hundred outpatient paediatric patients with low- or stan-
dard-risk ALL were enrolled at three different institutions (St.
Jude in Memphis, TN, Texas Children’s Cancer Center in
Houston, TX and The Hospital for Sick Children in Toronto,
Ontario) under three treatment protocols (St. Jude Total XV,
COG 9904 and COG 9905). The cohort was divided into four
subgroups: St. Jude low-risk, St. Jude standard-risk, COG
low-risk and COG standard-risk. Low-risk patients for St. Jude
and COG included those patients with initial white blood
count of less than 50X10,° ages 1-9.9 years, no CNS3 disease,
no overt testicular disease, positive for TEL-AML1 fusion and
no adverse genetic features. St. Jude low-risk criteria also in-
cluded patients with DNA index > 1.16 and excluded poor
early responders. COG low risk also included criteria for the
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presence of trisomies of chromosomes 4 and 10. St. Jude Stan-
dard Risk category included all T-cell or B-cell ALL that did not
meet criteria for low-risk, high-risk or very-high-risk ALL
while the COG standard was the same but only for B-lineage
AlLLs. Institutional review board approval was obtained at
each of the three study sites.

2.2.  Study design

Hinds and colleagues™ enrolled 100 patients for the continu-
ous 10-d study that included 5-d OFF DEX followed by 5-d ON
DEX. Each patient wore a Micro-mini (Ambulatory Monitoring
Inc., Ardsley, NY) wrist actigraph 24 h per day, which recorded
sleep characteristics including nocturnal awakenings, sleep
duration (time spent in bed at night), sleep efficiency, WASO,
actual sleep minutes (time sleeping at night), total daily sleep
minutes and total daily nap minutes. On days 2 and 5 of each
period, all parents and patients at least 7 years of age com-
pleted fatigue instruments: Fatigue Scale-Child, Fatigue
Scale-Adolescent or Fatigue Scale-Parent.>*>° The sleep diary
completed by parents is a brief questionnaire about the par-
ent’s perceptions of their child’s sleep and nap patterns dur-
ing the previous 24 h. Fig. 1 illustrates the time points of
data and blood collection.

2.3.  Dexamethasone pharmacokinetics

Blood (2 mL) was collected at O (pre-dexamethasone), 1, 2, 4
and 8 h after the first oral dose of dexamethasone on day 1
of ON DEX and analysed as previously described by Yang
and colleagues.? Plasma was stored at -80 °C until processing.
Dexamethasone and triamcinolone acetonide (10 pL) were ex-
tracted from plasma by solid-phase reversed-phase C;g col-
umns. The supernatant was placed into a high-performance
liquid chromatography system with a diode array detector
(Shimadzu, Columbia, MD) and a 150 x 2.0 mm Phenomenex
Luna Cig (2) column (Phenomenex, Torrance, CA). The assay
was linear from 10 to 200 nmol/L with recovery greater than
95%. The inter- and intra-day coefficients of variation were
less than 10%.

The PK parameters were estimated via ADAPT II (Biomed-
ical Simulations Resource, Los Angeles, CA)*! by fitting a one-
compartment PK model to the plasma concentration data, as
previously described.® The PK parameters estimated included:

10 Continuous

Days: 1 2 3 4
o= =m =m =
*Sleep Diary
*Fatigue Scale
(parent and patient)
OFF DEX

apparent volume (V/F), the first-order absorption rate con-
stant (K,) and the elimination rate constant (K¢). In addition,
apparent clearance (CL/F; CL/F =K, * V/F), and half-life (t;/,;
t12 = 0.693/K.) were determined. The AUC was estimated with
the model-fitted curve for each patient from 0 to 8 h.

2.4. Serum albumin concentration

To accurately measure serum albumin levels per the St. Jude
Department of Pathology’s standard testing methods, the
sample volume must be more than 0.1 mL. Of the 100 patients
originally enrolled, 74 had an adequate serum sample ob-
tained before dexamethasone was given (pre-dex) on day 1
of the ON DEX week. The normal range of serum albumin is
3.7-5.4 g/dL. Because albumin has a t;/, of 21-d, minor daily
changes in albumin concentration during the study period
were not a concern.

2.5.  Genotyping

Germline DNA was extracted from peripheral white blood
cells. Genotyping was completed with greater than 90% call
rates for 99 polymorphic loci in candidate genes associated
with glucocorticoid metabolism, including genes involved in
CYP3A, P-glycoprotein and glucocorticoid receptor function.
Genotyping for the following 16 polymorphic loci was per-
formed as described by Owawa et al.>: CYP3A4*1B (A>G at
position 392) and CYP3A5+*3 (G> A at position 22893), GSTP1
313A > G, GSTM1 deletion, GSTT1 deletion, MDR1 exon 21
(2677G > T/A), MDR1 exon 26 (3435C>T), MTHFR 677C>T,
MTHFR 1298A > C, NR3C1 1088A > G, RFC (SLC19A1) 80A > G,
TPMT (238G > C, 460G > A, 719A > G), TYMS enhancer repeat,
UGT1A1 promoter repeat, VDR intron 8 G > A, and VDR Fokl
(start site) T > C. The remaining loci were genotyped by DNA-
Print Genomics (Sarasota, FL).

2.6.  Statistical analyses

Sleep quality and fatigue data analyses have been previously
described.’ In 12 patients, sleep data were not evaluable due
to actigraph failure or insufficient recordings; thus, those data
were excluded from the sleep variable analysis (n = 88). Fati-
gue data were analysed by calculating the summed score for
each fatigue questionnaire at each time point. Patient

6 7 8 9 10
—

ON DEX

==

Blood Samples
Pre-DEX, 1,2,4,8 h

Actigraph worn

Fig. 1 - Illustration of study regimen. Sleep was monitored by a wrist actigraph continuously for 10 d. Sleep diaries and
fatigue scales (black arrows) were completed on days 2 and 5 of each period. Blood samples were collected on day 1 of the ON

DEX period.
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characteristic variables that were considered included risk
group (St. Jude low- and standard-risk and COG low- and
standard-risk), sex, race (white versus other) and age as a
continuous variable.

Linear regression models were used to describe the rela-
tion between PK and patient characteristic variables. To as-
sess the relationship between PK and sleep or fatigue, we
used the average of each sleep variable and fatigue score dur-
ing the ON DEX week. A univariate linear regression model
was used first and then multiple regression models were ap-
plied to adjust for age and risk group.

Pearson correlation coefficient statistics were done to eval-
uate the relations between serum albumin concentration and
sleep, fatigue or PK variables in the 74 patients with pre-dex
albumin levels and sleep data. The correlations were further
adjusted for patient characteristics by using a multiple linear
regression model.

Because race was a significant confounding factor for the
association between genotypes of most single nucleotide
polymorphisms (SNPs) and sleep measures, only data from
the white patients (n=72) were included in the genotype
analysis. A one-factor linear regression model was applied
to determine whether patient characteristics were signifi-
cantly associated with each sleep measurement. Multiple lin-
ear regression models were then applied to determine
whether genotypes of a SNP had independent significant
association with a sleep measurement by including the signif-
icant patient characteristics and one SNP as explanatory vari-
ables in the models. If no patient characteristic was
associated with the sleep measurement, then only the SNP
was taken as the explanatory variable in the model. For those
SNPs that were significantly associated with a sleep measure-
ment, genotypes were pooled into binary groups for statistical
analysis to test for dominant or recessive genetic effect. The
analyses were implemented for sleep measurements of OFF
DEX and ON DEX, and those sleep measures that showed a
significant difference between the two 5-d periods. Similar
analyses were carried out for fatigue scores.

Longitudinal methods incorporating the correlation
among each day’s sleep/fatigue variables were also applied,
and the same results were obtained as OFF DEX and ON
DEX periods (data not shown). The criterion for significance
for all analyses was a p-value at the level of « = 0.05. All anal-
yses were performed with SAS, Release 9.1.3 (SAS Institute,
Cary, NC).

3. Results

The mean age of this cohort was 9.24 + 3.23 years (range, 5.03-
18.14 years). All patients were past week 50 and prior to week
72 of the continuation chemotherapy phase of their treat-
ment for ALL. The majority of the patients were white (79%)
and male (62%) with standard-risk ALL (63%).

3.1.  Pharmacokinetics of dexamethasone and sleep and
fatigue measures

The estimates of dexamethasone PK parameters in the 100
enrolled patients were as follows: the mean CL/F was

20.9L/h per m?% mean V/F, 48.5L/m? mean (K, 2.03h™;
mean ke, 0.54 h™%; and the t, was 1.27 h. We noted substan-
tial (54%) inter-patient variability of clearance across the en-
tire cohort (Table 1); that of the COG low- and standard-risk
groups was 56% (3 mg/m? per dose); St. Jude low-risk group,
51% (2.67 mg/m? per dose); and St. Jude standard-risk group,
36% (4mg/m? per dose). The AUC increased with age
(p = 0.02) and was significantly higher in patients in the stan-
dard-risk group than in those in the low-risk group
(p <0.001). Clearance was greater in patients with low-risk
ALL (p=0.02) and in patients younger than 10 years
(p =0.0014).

As the dexamethasone AUC increased, sleep efficiency and
actual sleep time decreased in the univariate models
(p=0.016 and p=0.033, respectively) (Table 2). WASO in-
creased as AUC increased (p = 0.048). However, after control-
ling for risk group and age, there was no statistical evidence
that AUC could significantly explain the variations in sleep
measurements. Attaining a threshold of 100 nM dexametha-
sone was not related to the fatigue variables; however, for
the sleep variables there was a trend of increasing sleep effi-
ciency (p=0.08) and a significance in actual sleep time
(p=0.05) as the cumulative time above the threshold de-
creased. Clearance was not directly associated with sleep
variables in univariate analysis and in the multivariable mod-
el, risk group was significant (p = 0.026).

When comparing sleep variables based on dexametha-
sone dosing, we found that the mean sleep efficiency of pa-
tients in the St. Jude low-risk group (8 mg/m? per day) was
84%; that of the St. Jude standard-risk group (12 mg/m? per
day) was 78%; and that of patients in the combined COG
low- and standard-risk (6 mg/m® per day) was 87%
(p =0.0015). We also compared outcome variables of 22 pa-
tients on St. Jude low-risk study to those of the 39 patients
on the COG low- and standard-risk studies to control for
single-dose effects. The St. Jude low-risk group (2.67 mg/m?
per dose, three times per day [TID]) had a higher average
number of nocturnal awakenings (16.2 versus 12.6;
p=0.021) compared to the COG low- and standard-risk
group (3 mg/m? per dose, twice per day [BID]). The St. Jude
standard-risk group (4.0 mg/m? per dose, three times per
day [TID]) had a higher WASO (110.8 versus 68.8), lower
sleep efficiency (77.61% versus 87.47%) and lower actual
sleep time than (409.5 versus 510.7) when compared to the
COG low- and standard-risk group (all p<0.01, Table 3).
There were no PK associations with fatigue when controlling
for age and sex.

3.2.  Effects of albumin on pharmacokinetic and sleep and
fatigue measures

The median serum albumin concentration in the 74 samples
was 4.3 g/dL (range, 3-5.5 g/dL). Only 5 of 74 (6.8%) samples
were below the St. Jude laboratory’s low normal of 3.7 g/dL.
Albumin concentration was negatively associated with the
dexamethasone AUC (p =-0.027); however, this relation was
not significant (p = 0.82). Also, we found no statistically signif-
icant relations between the serum albumin values and sleep
or fatigue data in these 74 patients.
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Table 1 - Dexamethasone pharmacokinetics in 100 paediatric patients with ALL.

Variable Minimum Median Maximum Mean SD (@Y

AUC? 96.27 369.36 1119.84 404.68 186.54 0.461
Cumulative AUC 1347 5779 25,887 6951 4227 0.608
Elimination rate constant (Ke) 0.065 0.388 2.069 0.544 0.42 0.767
Apparent volume 11.93 43.97 140.97 48.47 24.50 0.505
Absorption rate constant (K,) 0.16 2.15 4.75 2.03 1.25 0.618
Clearance 3.96 18.82 75.72 20.86 11.26 0.540

# Area under the concentration-versus-time curve (AUC) was calculated during the first 8 h of exposure to dexamethasone.

Table 2 - Relations between dexamethasone pharmacokinetics and sleep measures in 88 paediatric patients with ALL.

Sleep Variable

Dexamethasone pharmacokinetic parameters

AUC Threshold Clearance

r p-Value r p-Value r p-Value
Sleep efficiency -0.26 0.014 -0.19 0.08 0.16 0.14
Actual sleep time -0.24 0.027 -0.22 0.05 0.075 0.51
Sleep duration -0.18 0.09 -0.18 0.12 0.029 0.82
Nocturnal awakenings 0.11 0.32 0.14 0.20 -0.051 0.66
WASO 0.21 0.048 0.14 0.20 0.15 0.14

Abbreviation: r, Pearson correlation coefficient; WASO, wake after sleep onset.

Table 3 - The effects of dexamethasone dosage on the 88 patients with actigraph sleep measures.

Study Group (n)  Daily dose Dosage

Mean Sleep Measures (SE)

(mg/m?) schedule WASO Sleep Actual sleep Sleep duration Nocturnal
(min) Efficiency (%) time (min) (min) awakenings (No.)
COG low- and 6 BID %68.84 (49.30) 87.47 (9.63)  510.67 (126.71) 596.30 (102.58) 12.63 (6.20)
standard-risk*®
St. Jude low-risk?®> 8 TID 88.97 (35.31)  84.13 (6.83)  477.72 (88.72)  589.87 (64.06) 16.23 (6.20)
St. Jude 12 TID 110.84 (59.46)* 77.61 (13.82)> 409.55 (141.60)> 551.80 (100.68) 15.43 (7.05)

standard-risk?’

Abbreviations: BID, twice per day; COG, Children’s Oncology Group; No, number; TID, three times per day; WASO, wake after sleep onset.

* p-Value < 0.05 for comparing with COG low- and standard- risk.

3.3.  Genotype analysis

Our comparison of genotypes with sleep and fatigue mea-
sures revealed four genotype markers corresponding with
three genes, a,-Heremans-Schmid glycoprotein (AHSG), inter-
leukin-6 (IL6) and polymerase delta-interacting protein 3
(POLDIP3), that were significantly associated with sleep mea-
sures (Table 4). The AHSG C > G (Thr238Ser) exon 7 genotype
(rs4918) was found to effect sleep both OFF and ON DEX, with
significance found between the OFF DEX and ON DEX weeks
and was a reliable predictor of WASO and sleep duration. Dur-
ing OFF DEX, patients with the CC genotype were found to
have a shorter WASO (p = 0.024) and a suggestive trend of in-
creased sleep efficiency (p = 0.054). Those with the GG and CG
genotype had lower sleep efficiency and higher WASO than
the C C genotype. During ON DEX, patients with the GG geno-
type experienced a longer sleep duration or time in bed
(p = 0.04) and had longer actual sleep minutes (p = 0.032) than
those with the CC and CG genotype. Between OFF DEX and ON
DEX weeks, we also observed significant differences in sleep

duration (p = 0.023) and actual sleep time (p =0.005) for pa-
tients with the GG genotype.

The IL-6 G174C (promoter region) genotype was found to
be associated with sleep during OFF DEX, with patients car-
rying the GG genotype experiencing longer actual sleep time
(p=0.026) and increased daily sleep minutes (p=0.034)
when compared to those with the CG and CC genotypes.
Another IL-6 genotype, IL-6 C634G, was significant during
OFF DEX with a longer actual sleep time (p =0.04) and in-
creased daily sleep minutes (p=0.02) found in those with
the CG genotype in comparison with the CC genotype. How-
ever, there was no significant association between genotype
and the difference in sleep measures between the two treat-
ment weeks.

During OFF DEX, the POLDIP3 genotypes AA and AG were
significantly associated with higher actual sleep time
(p = 0.026) and higher sleep efficiency (p = 0.019). Additionally,
those with the AA genotype had fewer nocturnal awakenings
(0.004) and shorter WASO (p = 0.035) than those carrying the
AG and GG genotype.
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Table 4 — Genotypes associated with sleep measures in 72 paediatric patients with ALL.

Genotype Study week Sleep measure Genotype grouping Mean (SD) p-Value
AHSG C>G OFF DEX 1 Sleep efficiency CC versus CG + GG  87.0 (9.3) versus 81.8 (12.1) 0.054
(T238S) exon 7 | WASO CC versus CG+ GG  65.4 (44.0) versus 93.4 (54.7) 0.024
(rs4918) ON DEX 1 Sleep duration GG versus CC+CG  651.4 (151) versus 590.3 (68.1) 0.040
1 Actual sleep time GG versus CC+ CG  566.8 (171.5) versus 476.4 (106.9) 0.032
OFF/ON DIF  {Sleep duration GG versus CC+CG  110.5 (123.8) versus 44.5 (72.2) 0.023
TActual sleep time GG versus CC+CG  116.3 (129.9) versus 33.5 (70.5) 0.005
IL-6 (G174C) OFF DEX 1 Actual sleep time GG versus CG + CC  465.5 (93.1) versus 430.1 (89.1) 0.026
promoter 1 Total daily sleep GG versus CG+ CC  583.8 (79.8) versus 569.7 (58.7) 0.034
(rs 1800795)
IL-6 (C634G) OFF DEX 1 Actual sleep time CG versus CC 485.4 (90.1) versus 435.6 (90.4) 0.040
(rs13447445) 1 Total daily sleep CG versus CC 604.9 (56.0) versus 569.2 (68.7) 0.021
POLDIP3 OFF DEX 1 Actual sleep time AA + AG versus GG 453.2 (82.5) versus 392.4 (124.0) 0.026
(rs1771889) 1 Sleep efficiency AA + AG versus GG  85.2 (9.5) versus 76.7 (17.0) 0.019
| WASO AAversus AG+ GG  68.9 (56.1) versus 89.4 (48.5) 0.035
| Nocturnal awakenings AA versus AG + GG  13.2 (7.9) versus 17.1 (6.7) 0.004
4. Discussion ture studies should explore the effect of timing of dexameth-

The mechanisms underlying the negative effect and high var-
iability of systemic behavioural side-effects of glucocorticoid
therapy are not completely understood. This study is the first
to explore possible PK, serum albumin and pharmacogenomic
mechanisms that contribute to poor sleep and increased fati-
gue in children with ALL receiving dexamethasone. As one
would expect, dexamethasone clearance was higher in youn-
ger children and decreased with age. This lower clearance and
higher dosing of steroids in the higher-risk groups resulted in
a higher exposure (AUC) in older children and adolescents
and in those in the higher-risk groups.

The mean apparent oral clearance of dexamethasone was
slightly higher in our study (20.9 L/h/m?) than in the only pre-
viously published dexamethasone PK study of children with
ALL by Yang and colleagues® In that study, the 214 patients
were in re-induction therapy and received more intensive
therapy, including recent administration of asparaginase.
Clearance in that patient group was 14 L/h per m? and most
likely reflective of poorer organ function due to more inten-
sive treatment during remission induction. In that earlier
study, the variability of dexamethasone PK parameters (46%
inter-patient, 53% intra-patient) was comparable to that in
our results.

In our study, older participants were usually in the stan-
dard-risk group, and they received higher doses of dexameth-
asone; thus, it was difficult to distinguish between the effects
of dose, disease risk and age. In an exploratory analysis, we
attempted to control for dosing schedules (BID versus TID)
and observed that children on TID dosing had more awaken-
ings and a longer duration of WASO. It is difficult to determine
whether the difference in dose or the timing of the third dose
closer to bedtime explains the difference in sleep outcomes.
The actual timing of the last dose was not recorded in this
study. We theorise that the later the dose is given in the even-
ing, the more likely the peak of dexamethasone will interfere
with sleep. The current data cannot test if dose frequency
(BID versus TID) has an independent effect on sleep, while
adjusting for the total dose, because of multicolinearity. Fu-

asone dosing on disturbed sleep and fatigue.

We retrospectively measured albumin levels in stored ser-
um from time 0 samples. In the Yang study?, albumin concen-
tration was the largest contributing to
dexamethasone clearance. In our patient population, most
albumin levels were in the normal range, and PK analysis
did not find a significant correlation with albumin. Children
with lower albumin levels appeared to experience greater fa-
tigue, but our small patient group and normal albumin levels
prevented us from determining whether a true relationship
exists. In patients with a normal albumin level, other factors
(i.e. age and risk group) most likely account for the large inter-
patient variability of systemic dexamethasone side-effects.

Using candidate genes, we explored 99 gene loci and their
association with sleep and fatigue. There were no genotypes
associated with fatigue; however, four genotypes on three
genes to be associated with sleep measures. The AHSG C> G
(Thr238Ser) exon 7 genotype (rs4918) showed a significant
association with sleep measures both OFF and ON DEX with
a significant difference in sleep duration and actual sleep
time for those with the GG genotype. While the effect of the
described SNP on gene expression within this patient popula-
tion is not known, a previous genomic analysis identified two
common SNPs associated with circulating AHSG levels, one
being the C/G in exon 7 (rs4918), as described in this study.*?

ASHG is a major hepatic protein that regulates inflamma-
tion and recovery and calcium levels. ASHG also inhibits insu-
lin receptor tyrosine kinase activity, thereby regulating
insulin signalling and energy homeostasis.** ASHG has been
identified as a susceptibility locus for type 2 diabetes and
the metabolic syndrome.>*3¢ A study by Siddiq and colleau-
gues® found the AHSG SNP rs1071592 to be associated with
type 2 diabetes and the SNPs rs2248690 and rs4918 to have
borderline association. Along with insulin resistance, high
AHSG plasma levels have been implicated in the accumula-
tion of fat in the human liver.*® Wéltje and colleagues® found
that in the presence of dexamethasone, the expression of
AHSG was wupregulated indirectly via glucocorticoid
hormone-induced transcriptional upregulation in the CCAAT

covariate
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enhancer binding protein B (C/EBP-p) in mouse hepatocytes
and mouse hepatoma cells. This murine model may explain
a possible upregulation of expression of AHSG in the presence
of dexamethasone, which is further potentiated in the pres-
ence of the GG genotype.

We found the wild-type (normal) AHSG CC genotype to be
significantly associated with better sleep during the OFF DEX
week, providing sleep protection with higher sleep efficiency
and shorter WASO. During the ON DEX period, the homozy-
gous variant AHSG GG genotype was associated with longer
actual sleep time and longer sleep duration. Patients with
the AHSG GG genotype experienced significantly longer sleep
duration during ON DEX than during OFF DEX. These sleep
parameters, longer actual sleep time and longer sleep dura-
tion have been associated with fatigue during dexametha-
sone use in the treatment of paediatric ALL.*® The rs4918
polymorphism interaction with dexamethasone may further
increase the expression of AHSG, which may result in longer
sleep duration in compensation for the negative effect of
fatigue.

Cytokines, most specifically IL-6, have been implicated in
the inflammatory process and contribute to cancer-related
symptomatology.*®*! IL-6 is a known mediator of sleepiness
and increased levels may increase one’s drive for sleep.*? IL-
6 (174) wild-type G allele has been associated with higher pro-
duction of the cytokine.*** Our analysis found that OFF DEX,
patients with the IL-6 (174) GG genotype experienced longer
actual sleep time and longer total daily sleep minutes. These
results suggest that IL-6 (174) GG contributes to an increased
need for sleep. However, ON DEX there was no significant dif-
ference in sleep measures and IL-6 genotype. The IL-6 (C634G)
CG genotype was also associated with longer actual sleep
time and longer total daily sleep minutes during the OFF
DEX week than those with the CC genotype. This specific IL-
6 genotype has not yet been associated with sleep as the IL-
6 (174). The association of IL-6 and sleep disappeared during
the ON DEX week, suggesting that the anti-inflammatory ac-
tions of steroids may influence IL-6 interactions with sleep.

Lastly, the POLDIP3 AA and AG genotypes were protective
with significantly longer actual sleep time and better sleep
efficiency during the OFF DEX week. The POLDIP3 AA geno-
type also was associated with fewer nocturnal awakenings
and decreased WASO during the OFF DEX week. Although
the POLDIP3 gene has not been previously associated with
sleep, it plays a role in autoimmune disorders.*® This is an
exciting new finding as the POLDIP3 A allele was significantly
associated with four sleep variables, but further exploration
of this gene and its role in sleep is necessary.

This study has several limitations. First, the original study
was powered to elucidate the effect of dexamethasone on
sleep and fatigue variables; the additional analysis presented
here is lacking in power, most specifically for discerning the
effects of the associated genotypes. Second, the analysis of
serum albumin concentration was conducted retrospectively;
thus, adequate samples were not available from all 100
participants.

In conclusion, risk group had the most significant influ-
ence on sleep variables; however, it is impossible to distin-
guish the true impact of PK factors with risk group being
highly correlated to dexamethasone dose and age, influenc-

ing both AUC and clearance. We did not identify a direct rela-
tionship of fatigue to dexamethasone pharmacokinetics or
serum albumin. However, we identified candidate genes that
may help explain the adverse events of disrupted sleep and
increased fatigue in patients on dexamethasone. Most specif-
ically, the regulatory effects of AHSG expression on insulin
metabolism and energy homeostasis may play a role in the
increased fatigue and poorer sleep quality that was noted by
Hinds and colleagues™® in patients prior to dexamethasone.
Dexamethasone may then potentiate AHSG expression and
contribute to poor sleep quality, prolonged sleep as a compen-
satory mechanism to increased fatigue during dexametha-
sone treatment and account for the significant differences
in sleep quality in these patients between the OFF DEX and
ON DEX weeks. Further genetic exploration is needed to vali-
date the association between AHSG expression and sleep in
paediatric patients with ALL.
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