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Abstract

BACKGROUND—Severe asthma in children is a heterogeneous disorder associated with variable 

responses to corticosteroid treatment. Criterion standards for corticosteroid responsiveness 

assessment in children are lacking.

OBJECTIVE—This study sought to characterize systemic corticosteroid responses in children 

with severe asthma after treatment with intramuscular triamcinolone and to identify phenotypic 

and molecular predictors of an intramuscular triamcinolone response.

METHODS—Asthma-related quality of life, exhaled nitric oxide, blood eosinophils, lung 

function, and inflammatory cytokine and chemokine mRNA gene expression in peripheral blood 

mononuclear cells were assessed in 56 children with severe asthma at baseline and 14 days after 

intramuscular triamcinolone injection. The Asthma Control Questionnaire was used to classify 

children with severe asthma into corticosteroid response groups.

RESULTS—Three groups of children with severe asthma were identified: controlled severe 

asthma, children who achieved control after triamcinolone, and children who did not achieve 

control. At baseline, these groups were phenotypically similar. After triamcinolone, discordance 

between symptoms, lung function, exhaled nitric oxide, and blood eosinophils was noted. Clinical 

phenotypic predictors were of limited utility in predicting the triamcinolone response, whereas 

systemic mRNA expression of inflammatory cytokines and chemokines related to IL-2, IL-10, and 

TNF signaling pathways, namely, AIMP1, CCR2, IL10RB, and IL5, strongly differentiated 

children who failed to achieve control with triamcinolone administration.

CONCLUSIONS—Systemic corticosteroid responsiveness in children with severe asthma is 

heterogeneous. Alternative prediction models that include molecular endotypic as well as clinical 

phenotypic features are needed to identify which children derive the most clinical benefit from 

systemic corticosteroid step-up therapy given the potential side effects.
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Severe refractory asthma in children is a complicated disorder that is often difficult to 

evaluate in the clinical setting. A recent Task Force Report1 defined “severe asthma” as the 

requirement for high doses of inhaled corticosteroids (ICSs) plus additional controller 

medications to maintain asthma control and/or prevent future exacerbations, implying that 

corticosteroid insensitivity is a fundamental feature underlying the disorder. Indeed, ex vivo 
studies in populations with severe asthma have noted improvements in cellular function and 

inflammation with inhibition of signaling pathways that are normally suppressed by 

glucocorticoid receptor activation.2,3 However, in clinical practice, variable responses to 

corticosteroid treatment have been observed,4,5 highlighting the phenotypic and potentially 

endotypic heterogeneity among children with severe asthma.

Because the biological mechanisms associated with corticosteroid sensitivity in children 

with severe asthma are likely numerous and complex,6–9 clinical assessment of 

corticosteroid responses are difficult and can further be confounded by poor medication 

adherence and delivery. Moreover, the lack of clinically applicable definitions of 

corticosteroid “responsiveness” has limited research in this field. Although studies in adults 

have relied on changes in lung function as an indicator of corticosteroid responsiveness,10,11 

children with severe asthma often have less airflow limitation than do adults12,13 and do not 

always have concordance between lung function measures and symptoms.14 Furthermore, 

lung function is only one component of asthma control and is best assessed in combination 

with current symptoms.15

Given the lack of a criterion standard for the assessment of corticosteroid responsiveness in 

children, the purpose of this study was to (1) characterize systemic corticosteroid responses 

in children with severe asthma after treatment with intramuscular triamcinolone and (2) 

identify phenotypic and molecular predictors of a response to intramuscular triamcinolone 

administration. Using a clinically available and validated questionnaire of asthma control, 

we identified 3 groups of children with severe asthma with similar baseline phenotypic 

features but differing systemic mRNA expression of inflammatory cytokines and 

chemokines related to IL-2, IL-10, and TNF signaling pathways. The findings highlight the 

heterogeneity of severe asthma in children as defined by current guidelines and further 

demonstrate the complicated nature of corticosteroid responsiveness assessment in these 

children.

METHODS

Children aged 6 to 17 years with physician-diagnosed asthma treated with high-dose ICS 

and a second controller medication were recruited from an outpatient severe asthma clinic in 

Atlanta, Georgia. All children met published criteria for severe asthma1 including adherence 

to ICS evidenced by 10 or more monthly electronic prescription refills over the previous 12 

months. Each participant had a history of either 12% or more reversibility in FEV1 after 
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bronchodilator administration or airway hyperresponsiveness to methacholine, evidenced by 

a provocative concentration of methacholine of 16 mg/mL or less. Exclusion criteria 

included premature birth before 35 weeks’ gestation, aspiration disorders, vocal cord 

dysfunction, avascular necrosis, diabetes mellitus, historical or current bronchopulmonary 

aspergillosis, treatment with nonsteroidal anti-inflammatory drugs or omalizumab, chronic 

bone disorders, or bone fractures within the previous 6 months. All participants were stable 

at the time of baseline characterization with no signs of acute respiratory illnesses. If a 

recent exacerbation was reported, the first visit was conducted 4 weeks after completion of 

an oral or injectable systemic corticosteroid burst. Permission to proceed with this study was 

granted by the Emory University Institutional Review Board. Informed written consent was 

obtained from the legally authorized representatives of eligible children and assent was also 

obtained from participants aged 6 years and older.

Study design and group classification

Certified study personnel conducted the study under a standardized protocol and manual of 

procedures. After consent was obtained, participants completed 2 research characterization 

visits separated by 14 days. Intramuscular triamcinolone (1 mg/kg, 60 mg maximum dose) 

was administered in the gluteal muscle at the completion of the first visit to all participating 

children. Children were telephoned 24 to 48 hours after the injection to assess for adverse 

events. Daily short-acting beta agonist (SABA) use for asthma symptoms (excluding 

pretreatment before exercise) and corresponding symptoms were recorded in paper diaries 

between visits.

At the baseline visit, children were considered “controlled” if their Asthma Control 

Questionnaire (ACQ) score16 was less than 0.75, which corresponds to “well-controlled 

asthma” with a positive predictive value of 0.73 and a negative predictive value of 0.85.17 

Children with uncontrolled asthma were classified as not achieving asthma control if their 

ACQ score was 1.5 or more (which corresponds to a positive predictive value of 0.8817) at 

the second visit after triamcinolone receipt.

Characterization procedures

Allergy skin prick testing with 12 extracts was performed at the first visit after a 3-day 

antihistamine withhold: tree mix (Quercus alba, Ulmus americana, Platanus acerifolia, Salix 
caprea, Populus deltoides), grass mix (Cynodon dactylon, Lolium perenne, Phleum pratense, 

Poa pratensis, Sorghum halepense, Paspalum notatum), weed mix (Artemisia vulgaris, 
Chrysanthemum leucanthemum, Taraxacum vulgare, Solidago virgaurea), common ragweed 

(Ambrosia artemisiifolia), Alternaria alternata, Aspergillus fumagatis, Cladosporidium 
herbarum, dog dander, cat dander, German cockroach (Blatella germanica), 
Dermatophagoides farinae, and Dermatophagoides pteronyssinus (Greer Laboratories, 

Lenoir, NC). Histamine and saline served as positive and negative controls, respectively. 

Tests were considered positive if a wheal of 3 mm diameter or greater and flare 10 mm or 

more was present 15 minutes after application. Up to 10 mL of blood was obtained by 

venipuncture for total serum IgE (Children’s Healthcare of Atlanta, Atlanta, Ga) and 

peripheral blood mononuclear cell (PBMC) isolation from whole blood through a density 

gradient.
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Clinical outcomes

Clinical outcomes of interest included asthma quality of life as assessed by the Asthma 

Quality of Life Questionnaire (AQLQ), blood eosinophils, exhaled nitric oxide 

concentrations, and FEV1 values. The AQLQ was completed with technical assistance as 

previously recommended.18,19 Blood eosinophils were quantified by a local laboratory 

(Children’s Healthcare of Atlanta, Atlanta, Ga) and exhaled nitric oxide concentrations were 

determined using online methods (NIOX MINO, Aerocrine, Morrisville, NC).20 Spirometry 

(KoKo PDS, Ferraris, Louisville, Colo) was performed at baseline and the best of 3 vital 

capacity maneuvers was interpreted.21 Participants were asked to withhold bronchodilator 

medication before the study visits (ie, ≥4 hours for SABAs and ≥12 hours for long-acting 

beta agonists).

mRNA gene expression analyses

PBMC mRNA gene expression was determined with a real-time PCR array (Human 

Inflammatory Cytokines and Receptors RT2 Profiler; SABiosciences, Frederick, Md) after 

isolation of RNA with a commercial kit (RNeasy Mini; Qiagen, Valencia, Calif). Equal 

amounts of total RNA per participant were used for first-strand cDNA synthesis and the 

reaction was preamplified (RT2 PreAMP PCR Master Mix and RT2 PreAMP Human 

Inflammatory Cytokines and Receptors Primer Mix, SABiosciences). The equivalent of 1.0 

μL of cDNA was added to each well of the array plate. Genes of interest are listed in Table 

E1 in this article’s Online Repository at www.jaci-inpractice.org. The cycle threshold values 

of the target cDNAs for each subject were normalized to the average cycle threshold of 5 

housekeeping genes (ACTB, B2M, GAPDH, HPRT1, RPLP0).

Statistical analyses

Statistical analyses were performed with IBM SPSS Statistics software (Version 23; SPSS, 

Chicago, Ill). Skewed variables were logarithmically transformed before analysis. Chi-

square tests, ANOVA, and t tests were used to compare baseline features and outcomes 

between groups. Diary card SABA use was plotted and best-fit lines were generated using 

fourth-order polynomial regression. Goodness of fit was determined by R2 values. Pathway 

analysis of mRNA data was performed with GNCPro software (SABiosciences). Predictor 

analyses were performed with logistic regression. Receiver-operating characteristic analyses 

were also performed for continuous predictor variables. A 2-tailed probability of .05 or less 

was the threshold of significance for all comparisons.

RESULTS

Enrollment for the study occurred year-round between March 2010 and March 2014. Sixty-

six children with severe asthma were enrolled and 56 children completed the study (see 

Figure E1 in this article’s Online Repository at www.jaci-inpractice.org). The features of 

children who were lost to follow-up were not significantly different (age, 12 ± 5 years; 64% 

males; 86% black). Participants were treated for 12 months or more before enrollment with 

high-dose ICS (827 ± 295 μg/d inhaled fluticasone equivalent) and additional controller 

medications, most commonly long-acting beta agonists. Their features are presented in Table 

I. Season of enrollment did not differ between groups (P = .850).
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At the initial study visit, 15 children (27%) had ACQ scores of less than 0.75 (termed 

“controlled severe asthma”), while 41 (73%) had ACQ scores of more than 0.75. After 

triamcinolone administration, 24 of these children (43%) achieved asthma control (mean 

ACQ score, 0.62 ± 0.33) while 17 children (30%) did not achieve asthma control (mean 

ACQ score, 2.08 ± 0.92) (Figure 1, A). Likewise, self-reported asthma symptoms at the 

study visits were also more frequent in children who did not achieve asthma control with 

triamcinolone (Figure 1, B). Daily diary cards similarly revealed less frequent SABA use for 

asthma symptoms in children with controlled severe asthma (Figure 1, C) and in children 

who achieved control with triamcinolone (Figure 1, D), in contrast to children who did not 

achieve control (Figure 1, E).

Clinical outcomes

Clinical outcome variables are presented in Table II. Despite having minimal symptoms and 

airflow limitation, children with controlled severe asthma did have numerical improvement 

in asthma quality of life as reflected by the AQLQ score after triamcinolone administration. 

Children with controlled severe asthma also had significant reductions in blood eosinophils 

and exhaled nitric oxide concentrations, as well as improvement in FEV1 values. Similarly, 

children who achieved control after triamcinolone also had improvement in AQLQ scores, a 

reduction in blood eosinophils and exhaled nitric oxide, and improvement in FEV1. In 

contrast, children who did not achieve control after triamcinolone had no improvement in 

AQLQ scores or FEV1 despite reductions in blood eosinophils and exhaled nitric oxide.

The changes in the primary outcomes, as opposed to median values before and after 

triamcinolone, are shown in Figure 2. Seventy-eight percent (n = 18) of children who 

achieved control had an AQLQ minimal important difference of 0.519 after triamcinolone, 

compared with only 22% (n = 5) of children who did not achieve control (Figure 2, A). 

There were no significant differences in the magnitude of change in blood eosinophils and 

exhaled nitric oxide concentrations between children who achieved control versus those who 

did not (Figure 2, B–D). There was also a nonsignificant trend toward a greater magnitude of 

improvement in FEV1 in children who achieved control versus those who did not (Figure 2, 

E and F). Associations between raw ACQ scores, AQLQ scores, exhaled nitric oxide 

concentrations, and blood eosinophils in all participants after triamcinolone injection are 

presented in Table E2 in this article’s Online Repository at www.jaci-inpractice.org.

mRNA gene expression

Using a liberal (P ≤ .05) threshold of significance, PBMC mRNA gene array of 84 

inflammatory cytokines and chemokines (Table E1) identified 14 genes that differed 

between children who achieved control after triamcinolone versus those who did not (Table 

III; Figure 3, A and B). Pathway analysis suggested that the differences in gene expression 

might be related to disturbances in IL-2, IL-10, and TNF pathways (Figure 3, C). With a 

more stringent (P < .01) significance threshold, only 4 genes (AIMP1, CCR2, IL10RB, and 

IL5) differed between groups. The sensitivity and specificity of these genes for 

discriminating uncontrolled asthma after triamcinolone injection, compared with exhaled 

nitric oxide concentrations, blood eosinophils, and FEV1 values, is shown in Figure 4 (area 

under the curve, AIMP1: 0.846, P = .001; CCR2: 0.863, P = .001; IL10RB: 0.892, P < .001; 
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IL5: 0.808, P = .004; exhaled nitric oxide: 0.508, P = .934; eosinophils: 0.507, P = .945; 

FEV1: 0.542, P = .659). Correlations between identified genes, exhaled nitric oxide 

concentrations, blood eosinophils, and FEV1 values are also presented in Table E3 in this 

article’s Online Repository at www.jaci-inpractice.org.

Predictor analyses

Predictor analyses were undertaken to determine whether baseline clinical features could 

identify children who failed to achieve asthma control after systemic triamcinolone 

administration. Of the clinical features tested, only cockroach sensitization was associated 

with uncontrolled asthma after triamcinolone receipt, although lack of precision in the point 

estimate was noted (odds ratio vs children who achieved control, 15.40; 95% CI, 2.50–

95.05) (see Table E4 in this article’s Online Repository at www.jaci-inpractice.org).

Safety of the triamcinolone injection

The triamcinolone injection was well tolerated and no unexpected adverse events were 

reported. Expected adverse events within 24 to 48 hours of triamcinolone receipt included 

tenderness (n = 15 [25%]), warmth (n = 2 [3%]), and mild itching (n = 1 [2%]) at the 

injection site. No activity limitation was reported. Other unrelated adverse events included 

dizziness (n = 1), atopic dermatitis (n = 1), facial rash (n = 1), headache (n = 1), nausea and 

vomiting (n = 1), pharyngitis (n = 1), and cough (n = 1). There were no reports of 

subcutaneous atrophy following the injection. The distribution of adverse events did not 

differ between children with controlled severe asthma, children who achieved control after 

triamcinolone, and children who did not achieve control after triamcinolone. Each event 

resolved before the 14-day follow-up visit.

DISCUSSION

High doses of corticosteroids are the cornerstone of therapy for children with severe asthma, 

but responses to corticosteroids are variable and difficult to assess in the clinical setting. 

Using a clinically accessible questionnaire of asthma control, we identified 3 groups of 

children with severe asthma, including 1 group of children who failed to achieve asthma 

control after receipt of intramuscular triamcinolone. These children had overall reductions in 

blood eosinophil percentages and exhaled nitric oxide concentrations after triamcinolone 

administration, but their symptoms, asthma-related quality of life, and lung function values 

were largely unchanged. Although children who failed to achieve control with triamcinolone 

were phenotypically similar to other children with severe asthma, they had decreased 

systemic mRNA expression of inflammatory cytokines and chemokines associated with 

IL-2, IL-10, and TNF pathways. These findings highlight the heterogeneity among children 

with severe asthma and argue for consideration of endotypic as well as phenotypic features 

in the evaluation of systemic corticosteroid responses.

Bossley et al4 previously described features of children with difficult-to-treat asthma after a 

2-week course of prednisolone (40 mg daily) or a single dose of intramuscular triamcinolone 

(80 mg). In their retrospective report, “complete” corticosteroid responsiveness assessed by 

selected cut-points of symptoms, FEV1, bronchodilator reversibility, and exhaled nitric oxide 
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was identified in only 11% of children.4 Moreover, 9% of participating children were 

“nonresponders” to each of the parameters, while 80% were “partial” responders.4 A more 

recent report of 82 children with severe asthma that also included sputum eosinophils 

similarly noted 13% with a complete response, 15% with nonresponse, and 72% with a 

partial response to intramuscular triamcinolone with no reliable clinical phenotypic 

predictors of response pattern.5 Our findings also highlight the discordance between asthma 

symptoms, airway obstruction, exhaled nitric oxide, and eosinophils in children with severe 

asthma and similarly demonstrate no striking phenotypic dissimilarities between children 

who achieved control and children who did not achieve control after triamcinolone 

administration. Alternatively, our findings might also support the hypothesis of a single 

corticosteroid responsiveness endophenotype with various clinical presentations.22

In nonsmoking adults, airway neutrophils may contribute to impaired corticosteroid 

responsiveness because neutrophilic and mixed granulocytic patterns of airway 

inflammation have been associated with more significant airflow limitation and higher rates 

of health care utilization in patients with asthma.23,24 It is possible that the lack of response 

to triamcinolone that we observed may be due to concomitant infection and airway 

neutrophil infiltration in the absence of fever or purulent sputum or nasal discharge given the 

prevalence of historical pneumonia and sinusitis in enrolled participants. However, the role 

of the neutrophil in asthma is somewhat controversial because high doses of corticosteroids 

may promote neutrophil survival in the absence of hypoxemia.25 Although the pattern of 

airway inflammation in children with severe asthma can be heterogeneous,26 bronchoscopy 

studies have failed to detect higher percentages of neutrophils in the bronchoalveolar lavage 

or airway mucosa of children with severe asthma compared with children with nonsevere 

asthma and healthy controls.27,28 Instead, limited numbers of studies in children with severe 

asthma suggest that the airway inflammation is predominantly eosinophilic28 and persists in 

a subset of children even after treatment with oral prednisolone,29 perhaps due to ongoing 

allergen exposures. In keeping with this hypothesis, most children enrolled in this study had 

atopic features including multiple aeroallergen sensitization and increased blood eosinophils. 

Cockroach sensitization, which was more prevalent in children who did not achieve control 

with triamcinolone, has also been associated with higher blood eosinophil concentrations30 

and more frequent asthma exacerbations necessitating urgent care.31,32 Although blood 

eosinophil percentages decreased after triamcinolone in children who failed to achieve 

control, whether eosinophils persisted in the airways of these children is unclear because 

blood eosinophil counts do not accurately reflect airway eosinophilia in children.33

Studies have previously compared inflammatory cytokine and chemokine expression 

between children with severe asthma (as a whole) and children with milder asthma27 or 

healthy controls,28 whereas this study was one of the first to compare inflammatory gene 

expression within severe asthma groups. Although the use of PBMCs for this purpose can be 

criticized, we34 and others35 have previously shown similarities between PBMCs and airway 

mononuclear cells in patients with severe asthma, although some functional differences are 

apparent. The sample size was also relatively small and prohibited analysis of subendotypes 

within groups. However, our finding of decreased expression of genes associated with IL-2, 

IL-10, and TNF pathways, namely, AIMP1, CCR2, IL10RB, and IL5, does have biologic 

plausibility because IL-2, along with IL-4, inhibits the ligand-binding affinity of the 
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glucocorticoid receptor and the modulation of IL-10 release in corticosteroid-dependent 

adults with asthma.36 Previous reports in children with severe, therapy-resistant asthma have 

also noted decreased airway and systemic IL-10 expression37 and variable phenotypes of 

TNF expression.38 In mice, AIMP1 deficiency promotes airway hyperresponsiveness, 

recruitment of eosinophils, and TH2 cytokine production in the lung,39 while depletion of 

the IL-10 receptor, IL10RB, impairs the generation of function of anti-inflammatory 

macrophages and their ability to secrete IL-10.40 CCR2 inhibition also reduces the 

hematopoetic functions of IL-33,41 a relatively corticosteroid-resistant inflammatory 

mediator that has been associated with reticular basement membrane thickening in children 

with severe asthma.9 Furthermore, IL5 inhibition in adults with severe refractory asthma 

results in fewer blood eosinophils and decreased eosinophil activation.42 The fact that lower 

IL5 expression was observed in children with severe asthma who failed to achieve control 

with triamcinolone is therefore surprising given that no significant differences in baseline 

blood eosinophils were observed in this group. However, other studies have shown that 

children with severe refractory asthma, as a group, do not have increased airway expression 

of the IL-5 protein as compared with children with milder asthma or healthy controls.27,28

The present study does have limitations. Adherence to ICS was assessed indirectly by 

electronic prescription refills, and this does not rule out other issues related to ICS delivery, 

including inappropriate inhaler technique or inhaler particle size, that may result in 

inadequate airway deposition. Triamcinolone acetonide was selected for its injectable nature 

and depot effect to minimize additional confounding related to systemic drug delivery, but it 

is possible that the dose of triamcinolone used (1 mg/kg, 60 mg maximum) was not 

sufficient because previous studies in adults with refractory asthma noted significant 

improvements in symptoms and sputum eosinophilia with a much higher single dose (120–

360 mg).43,44 However, side effects including cushingoid facies, hypertension, and elevated 

blood glucose levels were reported44 and thus the benefits of a higher single triamcinolone 

dose were thought to be outweighed by the potential for systemic side effects. Although the 

exact pharmacokinetic potency of triamcinolone versus oral prednisolone is unclear, 

triamcinolone likely has greater affinity for the glucocorticoid receptor because early studies 

in adults with severe refractory asthma have shown greater treatment efficacy with a single 

80-mg dose of triamcinolone dose than with a 10-mg dose of prednisolone daily.45,46 The 

dose of triamcinolone used in this study was based on previous reports of feasibility and 

efficacy in children with a similar dosing strategy.47,48 The 2-week time point that was used 

for outcome assessment was based on previous studies in adults with severe refractory 

asthma that demonstrated no clinically meaningful differences between 2 versus 4 weeks of 

triamcinolone treatment45 and significant improvement in symptoms, lung function, and 

airway eosinophils (with almost complete eosinophil disappearance) after only 2 weeks 

postadministration.43 The lack of participant blinding and the lack of a placebo arm are also 

potential limitations, but given the limited available literature on severe asthma in children, 

we felt that this was an important design consideration to increase the benefit/risk ratio of 

additional corticosteroid exposure in a high-risk group of participants.

It is also important to note that our results may be dependent on the tool that we used for 

corticosteroid response assignment, in this case the ACQ score. Although this tool has been 

extensively validated for the assessment of asthma control,16,17 it may have limitations in the 
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determination of corticosteroid response. Because this study was conducted at a single 

center that serves a predominantly inner-city population, it is also possible that the findings 

have limited external validity. Racial disparities in asthma and potentially corticosteroid 

responsiveness have been previously reported,49 but we were underpowered to address racial 

differences in the present study. Genetic analyses of GLCCI1 (glucocorticoid-induced 

transcript 1), CRHR1 (corticotrophin releasing hormone receptor 1), and FBXL7 (F-box and 

leucine-rich repeat protein 7), which have been associated with ICS responsiveness,50–52 

were also not possible, although those studies were limited to non-Hispanic white 

participants with mild-to-moderate asthma and may have limited relevance to our 

population.

In conclusion, using a clinically accessible measure of asthma control, we identified 3 

groups of children with severe asthma with differing asthma control profiles that responded 

differently to systemic triamcinolone administration. At baseline, these groups were 

phenotypically similar, but discordance between symptoms, lung function, exhaled nitric 

oxide, and blood eosinophils was noted after the triamcinolone injection. Clinical 

phenotypic predictors were of limited utility in the ascertainment of triamcinolone response, 

whereas systemic mRNA expression of inflammatory cytokines and chemokines related to 

IL-2, IL-10, and TNF pathways strongly differentiated children who failed to achieve control 

with triamcinolone administration. These findings highlight the heterogeneity of severe 

asthma in children and the complicated nature of corticosteroid responsiveness assessment 

in this population. Further study of molecular profiles of children with severe asthma may 

help to identify which children will derive the most clinical benefit from systemic 

corticosteroid step-up therapy given the potential side effects of these medications.
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What is already known about this topic?

Children with severe asthma are heterogeneous and have variable responses to systemic 

corticosteroids. Assessment of these responses is challenging due to a lack of a criterion 

standard and challenges with systemic corticosteroid delivery.

What does this article add to our knowledge?

Clinical phenotypic predictors were of limited utility in discriminating triamcinolone 

response. Systemic mRNA expression of inflammatory mediators related to IL-2, IL-10, 

and TNF pathways strongly differentiated children who failed to achieve control after 

triamcinolone administration.

How does this study impact current management guidelines?

Current definitions of severe asthma in children are associated with varied responses to 

systemic corticosteroids. Molecular endotypic as well as clinical phenotypic features 

should be considered in the evaluation of systemic corticosteroid responses.
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FIGURE 1. 
Baseline (dark bars) and posttriamcinolone (light bars) (A) ACQ scores and (B) self-

reported asthma symptoms. SABA use in controlled severe asthma (C), in children who 

achieved control (D), and in children who did not (E). Dashed lines in panels A and C to E 
reflect the cut-point and best-fit lines, respectively.

Fitzpatrick et al. Page 14

J Allergy Clin Immunol Pract. Author manuscript; available in PMC 2018 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



FIGURE 2. 
Absolute change in (A) AQLQ scores, (B) blood eosinophils, (C) exhaled nitric oxide, and 

(D) FEV1 values in children who achieved control versus children who did not. Panels (E) 

and (F) depict percent change relative to baseline values. Whiskers reflect the 10th to 90th 

percentile. The dashed line reflects the AQLQ minimally important difference. NS, Not 

significant.
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FIGURE 3. 
PBMC mRNA gene expression (A) at baseline and (B) after triamcinolone. (C) Pathway 

analysis of significant genes (P <.05) in children who did not achieve control with 

triamcinolone (note: TNF, P > .05). Red and green arrows depict upregulation and 

downregulation, respectively. Gray lines depict reported or probable associations. Gray 

circles represent genes that were not tested.
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FIGURE 4. 
Receiver-operating characteristic curves depicting the performance of baseline (A) AIMP1 
(black line), CCR2 (gray line), IL10RB (dashed black line), and IL5 (dashed gray line) 

mRNA delta cycle threshold values versus (B) exhaled nitric oxide (black line), blood 

eosinophil percentages (gray line), and FEV1 (dashed black line) in discriminating 

uncontrolled asthma after triamcinolone, defined by an ACQ score of 1.5 or more.
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TABLE I

Features of the participants

Baseline feature
Controlled severe asthma (N 
= 15)

Achieved control with 
triamcinolone (N = 24)

Did not achieve control with 
triamcinolone (N = 17)

Age (y)   12 (10–16)   12 (10–15)   13 (10–14)

Males   11 (73)   20 (83)   10 (59)

Race

 White     1 (7)     1 (4)           0

 Black   10 (67)   18 (75)   16 (94)

 More than 1 race     4 (27)     5 (21)     1 (6)

Body mass index

 Normal weight (<85%)     9 (60)   10 (42)     4 (24)

 Overweight (85%–95%)     3 (20)     8 (33)     4 (24)

 Obese (>95%)     3 (20)     6 (25)     9 (53)

Parent with asthma     8 (53)   14 (58)   12 (71)

Comorbid conditions

 Atopic dermatitis     8 (53)   15 (63)   13 (77)

 Recurrent pneumonia     6 (40)   14 (58)   11 (65)

 Chronic sinusitis     8 (53)   13 (54)     7 (41)

Add-on controller medications

 Long-acting beta agonists   11 (73)   23 (96)   12 (71)

 Montelukast   10 (67)   20 (83)   11 (65)

 Oral corticosteroids           0     2 (8)     4 (24)

Exposures

 Tobacco smoke     2 (13)     8 (35)     1 (6)

 Cat inside home     2 (13)           0     1 (4)

 Dog inside home     7 (47)   12 (50)     6 (35)

Asthma triggers

 Upper respiratory tract infections   13 (87)   24 (100)   16 (94)

 Furry pets (cats or dogs)   10 (67)   15 (63)   13 (77)

 Daily activities     3 (20)     8 (33)     9 (53)

 Vigorous activities   10 (67)   20 (83)   14 (82)

Total serum IgE (kU/L)* 299 (150–594) 439 (171–792) 340 (158–1399)

Data are from participants who completed the study. Values represent the number of participants (%) or the median (interquartile range). Groups 
are not significantly different.

*
Statistical analyses were performed after logarithmic transformation.
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TABLE III

Mean fold-change (95% CI) mRNA gene expression values in children with severe asthma who did not 

achieve control with triamcinolone, vs those who did achieve control

Gene Fold change (95% CI) P value

AIMP1 0.66 (0.50–0.82) .006

C5 0.44 (0.20–0.69) .020

CCL3 0.63 (0.38–0.87) .021

CCR2 0.55 (0.38–0.72) .002

CCR5 0.56 (0.33–0.78) .022

CCR6 0.28 (<0.01–0.74) .025

IFNG 0.51 (0.23–0.79) .028

IL10RB 0.59 (0.44–0.74) .001

IL17C 0.51 (0.12–0.89) .041

IL1A 0.36 (0.11–0.61) .032

IL1RN 0.55 (0.31–0.79) .028

IL5 0.13 (<0.01–0.27) .008

TNFSF13B 0.57 (0.33–0.82) .038

VEGFA 0.43 (0.17–0.68) .031

J Allergy Clin Immunol Pract. Author manuscript; available in PMC 2018 March 01.


	Abstract
	METHODS
	Study design and group classification
	Characterization procedures
	Clinical outcomes
	mRNA gene expression analyses
	Statistical analyses

	RESULTS
	Clinical outcomes
	mRNA gene expression
	Predictor analyses
	Safety of the triamcinolone injection

	DISCUSSION
	References
	FIGURE 1
	FIGURE 2
	FIGURE 3
	FIGURE 4
	TABLE I
	TABLE II
	TABLE III

