[bookmark: _GoBack]Temperature-controlled laminar airflow (TLA) device in the treatment of children with severe atopic eczema: Open-label, proof-of-concept study

Claudia Gore MD PhD1,2, Robin B. Gore MD PhD3, Sara Fontanella PhD1, Sadia Haider PhD1, Adnan Custovic MD, PhD1,2


1. Section of Paediatrics, Department of Medicine, Imperial College London, UK.
2. Department of Paediatric Allergy, St Mary’s Hospital, Imperial College Healthcare NHS Trust, London, UK
3. Department of Respiratory Medicine, Addenbrooke's Hospital, Cambridge University Hospitals NHS Foundation Trust, Cambridge, UK

SUPPLEMENTARY APPENDIX



METHODS
The mode of action of the TLA device
The Airsonett TLA device is designed to displace the body convection which leads to persistent exposure to particles and allergen in bed. Ambient room air is filtered, cooled by 0·5-0·8ºC and distributed to the breathing zone by the TLA – the reduced temperature allows the filtered air to descend slowly in a steady laminar stream, displacing particulate and allergen rich air from the breathing zone.  The method is able to break body convection without creating draught or dehydration, and thereby reduces and controls particle and aeroallergen exposure in the breathing zone.1,2  
Statistical analysis
Statistical learning
Missing values imputation
Due to the small proportion of missing values and the nature of the data, we applied median trajectory imputation method. This longitudinal imputation method considers only non-missing data for the same subject, i.e., the missing values for subject i are replaced by the median of the values of the i-th trajectory, independent of the data from other individuals. Missing data were imputed by using the median trajectory. 
KmL: cluster analysis
KmL technique belongs to the class of partitional clustering3. The main advantages of these methods are that no distributional assumptions within clusters are required, no assumptions regarding the shape of the trajectories are made, and they are independent from time-scaling. This algorithm is a 2-step iterative procedure, which requires the initialization of a random partition. In the first step, the mean trajectories per cluster are computed. The second step updates the partition on the basis of the distance between each individual trajectory and each mean trajectory. Here, we used the Manhattan distance, which is more robust to outliers4. The algorithm iterates between these two steps and convergence is reached when there are no more changes in the partition.
Formally, consider a set S of n subjects and let  be the value of variable  measured for each subject  at time . The sequence  is then called a trajectory. The aim of KmL is, then, to divide S into g homogeneous sub-groups. Several distance measures can be chosen to assign trajectories to clusters. We used the Manhattan distance, which is more robust to outliers3. The optimal number of clusters is assessed using the Calinski and Harabatz criterion, which evaluates cluster validity based on the average between- and within-cluster sum of squares.  

RESULTS
The effect of TLA on overnight breathing zone particulate exposures 
Table E1. The effect of TLA on overnight breathing zone particulate exposures in among 12 study subjects
♮ Geometric estimated marginal mean counts/m3 (95% CI); TLA-ON vs TLA-OFF: p<0.001 for each size class
[bookmark: _Hlk490823025]AED: Aerodynamic Equivalent Diameter

	Particle size (AED)
	Counts♮; TLA OFF
	Counts♮; TLA ON

	>0.5 μm
	5.9x106  (5.3 x 106, 6.4 x 106)
	400 (370, 440)

	>5 μm
	6900 (6400, 7300) 
	2.6 (2.4, 2,7)

	>10 μm
	82 (74, 90)
	1.6 (1.5, 1.8)










Figure E1. TLA reduces overhead particle counts (AED >5μm)   
Data:  Mean of untransformed particle counts/m3
[image: graph AED gtr 5.jpg]

Primary and secondary end points 
Table E2 shows the results for Friedman test for primary and secondary end points. There were significant differences for all outcomes except for POEM and CDLQI.
[bookmark: _Hlk490830318]At visit 12, we observed a positive effect of TLA on all outcomes (Table E3). Changes in resource consumptions were significant only for potent steroids and hospital contacts (Table E4).

[bookmark: _Ref490238857][bookmark: _Hlk491278208][bookmark: _Hlk490744376]Table E2. Results of Friedman test for primary and secondary end points (*significant at p<0.1, **significant at p<0.05, ***significant at p<0.01, ****significant at p<0.001)
	
	Friedman test p-values

	PRIMARY END POINTS
	

	SCORAD total
	0.000****

	Investigator Global Assessment (IGA)
	0.000****

	SECONDARY END POINTS
	

	SCORAD Objective
	0.000****

	SCORAD Subjective
	0.003***

	SCORAD Subjective Pruritus/Itch
	0.018**

	SCORAD Sleep Loss
	0.037**

	CDLQI
	0.129

	POEM
	0.604

	FDLQI
	0.000****

	DFI
	0.000****



[bookmark: _Ref477778380][bookmark: _Ref477778371]


14

Table E3. Results of Wilcoxon signed rank test for eczema outcomes (*significant at p<0.1, **significant at p<0.05, ***significant at p<0.01, ****significant at p<0.001); BL – baseline; There were no significant differences in CDQLI and POEM
	                   Wilcoxon signed rank test p-values

	
	Run in period
	TLA Device Intervention period 

	
	
	BL
-5 to -10 weeks
	V2
-3 days
	V4
+3 days
	V6
1 month
	V7
2 months
	V8
3 months
	V9
4 months
	V10
6 months
	V11
9 months
	V12
12 months

	Primary end points
	
	
	
	
	
	
	
	
	
	
	

	SCORAD total
	Visit 1 (reference)
	0.532
	0.363
	0.041**
	0.069*
	0.048**
	0.191
	0.008***
	0.027**
	0.012**
	0.015**

	Investigator Global Assessment
	
	0.852
	0.614
	0.013**
	0.017**
	0.008**
	0.038**
	0.002**
	0.085*
	0.001***
	0.001****

	Secondary end points
	
	
	
	
	
	
	
	
	
	
	

	SCORAD Objective
	
	0.460
	0.394
	0.036**
	0.088*
	0.026**
	0.156
	0.003***
	0.050**
	0.015**
	0.012**

	SCORAD Subjective
	
	0.754
	0.826
	0.875
	0.069*
	0.495
	0.615
	0.073*
	0.092*
	0.050**
	0.009***

	SCORAD Subjective (Pruritus/Itch)
	
	0.636
	0.382
	0.292
	0.135
	0.864
	0.666
	0.088*
	0.082*
	0.196
	0.043**

	SCORAD Sleep Loss
	
	0.861
	0.711
	0.615
	0.059*
	0.310
	0.314
	0.141
	0.157
	0.016**
	0.027**

	FDLQI
	
	0.019**
	0.964
	0.208
	0.467
	0.042**
	0.028**
	0.019**
	0.047**
	0.013**
	0.023**

	DFI
	
	0.269
	0.801
	0.157
	0.513
	0.150
	0.124
	0.090*
	0.030**
	0.099*
	0.011**


[bookmark: _Ref477778383]
[bookmark: _Hlk490842012]Figure E2. Mean difference in SCORAD total scores between Visit 1 and Visit 12 with confidence intervals. 
x axis: the differences between SCORAD at visit 1 vs visit 12; Positive value indicated improvement.
y axis: different levels for the confidence intervals (70%-95%)
Note: The hypothesis that intervention is effective is rejected if the lower limit of the CIs lies below the lower bound of the zone of MCID.  Evidence of the efficacy is demonstrated if the mean treatment difference is above zero and if the CI of a certain length includes (or is above) the MCID5.
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Figure E3. Differences in medication and healthcare usage at different time points.
Quantities of topical treatments = grams, quantity of antibiotic treatment = days, healthcare contacts = counted as x1 for each prescription pick-up, consultation, ambulatory care attendance, day spent as in-patient. 
Analysis at +/12 months is based on 13 subjects, due to missing information for 2 patients
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Table E4: Descriptive statistics for resource consumptions before and after 6 of TLA treatment for all patients. All topical treatments reported in grams prescribed. Green cells = reduction, yellow = no change

	
	
	6 months before TLA treatment
	6 months after TLA treatment
	

	
	 
	Median
	Q1
	Q3
	Range
	Median
	Q1
	Q3
	Range
	Difference in median

	Medication
	
	
	
	
	
	
	
	
	
	

	Mild topical steroid 
	All
	30.00
	0.00
	90.00
	0-680
	0.00
	0.00
	30.00
	0-180
	-30.00

	Moderately potent topical steroid
	All
	50.00
	0.00
	210.00
	0-480
	30.00
	0.00
	85.00
	0-500
	-20.00

	Potent steroid
	All
	360.00
	90.00
	870.00
	0-1720
	100.00
	75.00
	85.00
	0-730
	-260.00

	Topical calcineurin inhibitor
	All
	480.00
	105.00
	630.00
	0-960
	180.00
	105.00
	85.00
	0-1320
	-300.00

	Days of antibiotics
	All
	24.00
	14.00
	38.50
	0-182
	17.00
	0.00
	85.00
	0-139
	-7.00

	Healthcare utilization
	
	
	
	
	
	
	
	
	
	

	GP contact for eczema
	All
	6.00
	3.00
	8.00
	0-11
	3.00
	2.50
	85.00
	1-11
	-3.00

	Hospital contact for eczema
	All
	3.00
	2.00
	6.00
	1-28
	3.00
	2.00
	85.00
	0-11
	0.00






[bookmark: _Hlk490760147]Table E5. Results of Wilcoxon signed rank test for primary and secondary outcomes (in green p-values significant for False Discovery Rate (FDR)=0.05, in orange additional p-values significant for FDR=0.1, in red additional p-values significant for FDR=0.20)

	
	
	Wilcoxon signed rank test: Benjamini-Hochberg P-value

	
	
	Treatment period

	
	
	BL
	V2
	V4
	V6
	V7
	V8
	V9
	V10
	V11
	V12

	Primary end points
	
	
	
	
	
	
	
	
	
	
	

	IGA
	Visit 1
	0.852
	0.682
	0.026
	0.028
	0.020
	0.054
	0.007
	0.106
	0.005
	0.005

	SCORAD total
	
	0.532
	0.403
	0.080
	0.099
	0.080
	0.239
	0.050
	0.068
	0.050
	0.050

	Secondary end points
	
	
	
	
	
	
	
	
	
	
	

	SCORAD Objective
	
	0.460
	0.438
	0.072
	0.126
	0.065
	0.195
	0.030
	0.083
	0.050
	0.050

	SCORAD Subjective
	
	0.875
	0.875
	0.875
	0.183
	0.825
	0.875
	0.183
	0.184
	0.183
	0.090

	SCORAD Subjective Pruritus/Itch
	
	0.740
	0.546
	0.487
	0.338
	0.864
	0.740
	0.293
	0.293
	0.392
	0.293

	SCORAD Sleep Loss
	
	0.861
	0.790
	0.769
	0.197
	0.449
	0.449
	0.314
	0.314
	0.135
	0.135

	FDLQI
	
	0.056
	0.964
	0.260
	0.519
	0.067
	0.056
	0.056
	0.067
	0.056
	0.056

	DFI
	
	0.336
	0.801
	0.224
	0.570
	0.224
	0.224
	0.224
	0.150
	0.224
	0.110





Table E6. Results of Wilcoxon signed rank test for resource consumption (in green p-values significant for False Discovery Rate (FDR) =0.05, in orange additional p-values significant for FDR=0.1, in red additional p-values significant for FDR=0.20)

	
	Wilcoxon Signed Rank Test: Benjamini-Hochberg P-value

	 
	-1month vs +1month
	-3month vs +3month
	-6month v +6month

	Medication
	
	
	

	All emollients
	0.582
	0.573
	0.573

	Mild topical steroid
	0.159
	0.159
	0.159

	Moderately potent topical steroid
	0.564
	0.515
	0.515

	Potent steroid
	0.349
	0.050
	0.050

	Very potent topical steroid
	0.317
	0.317
	0.317

	Topical calcineurin inhibitor
	0.123
	0.294
	0.315

	Days of antibiotics
	0.654
	0.673
	0.674

	Healthcare utilization
	
	
	

	GP contact 
	0.794
	0.293
	0.293

	GP contact for eczema
	0.886
	0.886
	0.886

	Hospital contact
	0.879
	0.135
	0.434

	Hospital contact for eczema
	0.523
	0.030
	0.122



Confidence intervals for SCORAD total, SCORAD objectives and FDQLI at different time points show how the positive effect of TLA grows over time and results seem to support a one year treatment. The mean of the considered indices is equal or above the MCID only after visit 12. 




Figure E4.  Differences in all outcomes apart from SCORAD total stratified by cluster
(Cluster A, red = responders; Cluster B, blue = non-responders)
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Table E8. Differences in baseline characteristics stratified by clusters

	
	CLUSTER

	
	A
	B

	
	Median
	Q1
	Q3
	IQR
	Median
	Q1
	Q3
	IQR

	Age (in months)
	141.00
	116.25
	160.50
	44.25
	108.00
	79.00
	119.00
	40.00

	Weight
	40.60
	28.08
	43.44
	15.36
	29.50
	23.55
	31.25
	7.70

	Height
	144.50
	127.95
	151.55
	23.60
	131.55
	115.05
	133.10
	18.05

	Medical history - atopic dermatitis age of onset
	6.00
	3.00
	7.50
	4.50
	2.25
	1.50
	4.50
	3.00

	Medical history - allergic rhinoconjunctivitis, age of onset
	30.00
	24.00
	60.00
	36.00
	36.00
	31.50
	36.00
	4.50

	Medical history - asthma age of onset
	29.00
	18.50
	41.00
	22.50
	27.00
	24.00
	30.00
	6.00

	Medical history - food allergy IgE mediated, age of onset
	48.00
	24.00
	60.00
	36.00
	1.50
	1.25
	3.38
	2.13

	Medical history - food allergy non-IgE mediated, age of onset
	12.00
	6.00
	28.50
	22.50
	1.50
	1.50
	1.50
	0.00

	Medical history - allergic gut disease, age of onset
	6.00
	6.00
	6.00
	0.00
	3.25
	1.88
	4.63
	2.75

	Duration atopic dermatitis
	133.00
	92.00
	158.73
	66.73
	104.25
	75.25
	117.25
	42.00

	Duration allergic rhinoconjunctivitis
	117.00
	69.00
	128.75
	59.75
	62.00
	42.50
	63.50
	21.00

	Duration Asthma
	120.00
	83.00
	141.50
	58.50
	31.00
	26.00
	36.00
	10.00

	 Duration food allergy IgE mediated
	102.00
	36.00
	129.00
	93.00
	116.50
	109.63
	117.25
	7.63

	 Duration food allergy non-IgE mediated
	135.00
	60.75
	154.25
	93.50
	102.75
	89.00
	116.50
	27.50

	Duration allergic gut disease
	144.00
	135.00
	153.00
	18.00
	105.75
	98.88
	112.63
	13.75


Figure E5. Differences in oral antibiotic use stratified by clusters.
Descriptive statistics for resource consumptions at ±12 months are based only on 13 subject, due to missing information for 2 patients 
[image: ]
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