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Abstract 
Maximum word count: 250
Background 
Fibrotic interstitial lung diseases (ILD) impact negatively on individuals’ daily lives, with breathlessness on exertion strongly linked to quality of life. Breathlessness is often associated with oxygen desaturation, although few data exist on ambulatory oxygen in ILD patients with isolated exertional hypoxaemia.
Methods: AmbOx (ClinicalTrials.gov :NCT02286063) is a multicenter, randomized, cross-over controlled clinical trial evaluating quality of life during two weeks on ambulatory oxygen, compared to two weeks on no treatment. Patients with fibrotic ILD recruited from three UK centres were included if resting SaO2 was ≥ 94%, but dropped to ≤88% on a 6 minute walk test. Ambulatory oxygen flow was titrated to maintain SaO2>90% for > ½ 6MWT duration and/or maximum flow of 6LPM. Central randomization of intervention sequence was computer based. The primary outcome was the change in King’s brief ILD questionnaire scores (KBILD). A general linear model with treatment sequence as fixed effect was used for analysis. 
Findings: Between August 2014-October 2016, 41 patients were randomised to ambulatory oxygen first, and 43 to no oxygen, crossing to the alternative arm after two weeks.  76 patients (90.5%) completed the trial. Serious adverse events were not related to oxygen usage. Ambulatory oxygen, compared to no oxygen, was associated with improvements in total KBILD score (difference: 3.7-95%CI: 1.8 to 5.6; p<0.0001), breathlessness and activity domain (difference: 8.7; 95%CI: 4.7 to 12.5p<0.0001), and chest symptoms domain (difference: 7.6; 1.9 to 13.2 p=0.009). 
Interpretation: ambulatory oxygen is associated with improved quality of life in ILD patients with isolated exertional hypoxia. 
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Fibrotic interstitial lung diseases (ILD) are associated with markedly reduced quality of life and survival. In idiopathic pulmonary fibrosis (IPF), the most common and deadly of the idiopathic interstitial pneumonias (IIPs), anti-fibrotic therapy reduces decline in lung function, but does not improve quality of life (1;2). As pulmonary fibrosis advances, exertional breathlessness is triggered by decreasing activity until tasks such as washing and dressing are challenging.  Breathlessness  is the strongest determinant of quality of life in patients with fibrotic ILD (3) and is difficult  to manage. 

Oxygen desaturation contributes to exercise intolerance in patients with ILD. However, limited data exist on supplemental ambulatory oxygen use in ILD, with most studies performed in patients with COPD. Although improved survival was observed with the use of ≥15 h per day of supplemental oxygen in COPD  patients with resting hypoxemia  (4), ambulatory oxygen had no effect on mortality or quality of life in COPD patients with isolated exertional desaturation in a recent trial (5). However, compared to COPD, ILD is characterised by more frequent and severe exercise-induced desaturation (6), indicating that ILD-specific studies are needed  (7). The paucity of data on ambulatory oxygen in ILD is reflected by a lack of guidance in national and international guidelines (8-10).

Supplemental oxygen during exercise tests in ILD patients has improved symptoms and/or exercise performance in some, but not all, studies (11). Moreover, immediate benefits in a test setting do not necessarily translate into improvements in quality of life. Drawbacks include the weight of the oxygen delivery devices, logistical difficulties of replenishing such devices, limitations to travel, and the psychological and social burden of the intervention on patients and their caregivers (12;13). The effects of high flow oxygen, used in a pulmonary rehabilitation setting , on exercise performance and breathlessness are  currently under investigation (14) However, to our knowledge, AmbOx is the first randomised controlled prospective study to  assess the effects of ambulatory oxygen on quality of life in patients with fibrotic ILD.

Research in context
Patients with fibrotic lung disease can be faced with life changing and often progressive respiratory symptoms, with only limited pharmacological options, despite recent treatment advances. In these patients, breathlessness is the strongest and most consistent determinant of quality of life. Breathlessness on exertion is often associated with oxygen desaturation. The effects of supplemental oxygen on performance during short bursts of exercise in ILD patients have been investigated in several studies, with most, but not all, showing a benefit on exercise performance and/or breathlessness. However, national and international guidelines on supplemental oxygen mostly rely on studies performed in patients with COPD, where data on utility of ambulatory oxygen is unconvincing. The BTS guidelines state that ambulatory oxygen should not be routinely offered to patients who are not hypoxic at rest, and make no specific reference to ILD patients, except to mention possible benefit of ambulatory oxygen for individual patients with severe exertional breathlessness.  Extrapolating COPD data to patients with fibrotic ILD is inappropriate, in view of the differences between the two disease processes, and dedicated ILD-specific studies are needed.  

Added value of this study
This study is the first to prospectively evaluate the effect of ambulatory oxygen on quality of life in patients with ILD in a randomized controlled trial setting.  The results of this study should form the basis to ultimately delineate ILD-specific guidelines for ambulatory oxygen use. 

Implications of all the available evidence
Wide variability exists in prescribing practices of ambulatory oxygen because of the paucity of data available to inform guidelines. Findings from this trial suggest that ambulatory oxygen improves health-related quality of life in patients with isolated exertional hypoxia.  However, future studies are needed to confirm this finding, to further understand the predictors of longer term uptake of ambulatory oxygen,  and to assess whether long term ambulatory oxygen use is associated with improvements in survival.


Methods
Study design
The AmbOx trial is a UK multi-centre, prospective, randomised, open label, controlled crossover trial of portable ambulatory oxygen for two weeks, against no intervention for two weeks, to evaluate the effects of ambulatory oxygen on quality of life in patients with fibrotic ILD. Approval of the final clinical protocol was provided by the appropriate independent Ethics Committee (NRES Ref: 14/LO/0258), and by each participating centre’s independent review board. 	Comment by Maher, Toby M: This is the American way of doing things and not the UK way. Only one central ethics approval is needed and there are no institutional review boards

Participants
Patients were recruited from three ILD centres (Royal Brompton Hospital, Aintree University Hospital and Bristol). The patient population comprised individuals with fibrotic ILD, aged >18, not hypoxic at rest (SaO2≥ 94% on room air), but with a fall in SaO2 to ≤88% on a screening visit 6 minute walk test (6MWT). At screening, stable respiratory symptoms in the preceding two weeks were required. Patients were excluded if expected to change treatment during the course of the study. Baseline characteristics including age, gender, smoking history, ethnicity, medical history, and current medications were collected. In all patients, diagnosis of fibrotic ILD type was reached following MDT discussion. Complete lung function tests, including FVC, FEV1 and DLCO measurements (expressed as % predicted), and an echocardiogram were performed within -6 months to +6 weeks from screening visit. Serum BNP levels were collected for all patients within a month from of the screening visit and centrally analysed. Full inclusion and exclusion criteria are listed in the appendix (Supplementary file p 1). All patients provided written informed consent before entering the study.
Procedures
Screening 6MWT
At the screening visit (-2 weeks) (Figure 1), two 6MWTs were performed;, one the first on air, and one the second on supplemental oxygen, but only if oxygen desaturation ≤ 88% on thewas observed on the first test on room air6MWT. The second test was carried out with a portable oxygen cylinder, after following at least 30 minutes rest from after the first test, and  the flow rate of oxygen was up-titrated to either maintain oxygen saturation > 90% for >1/2 of the 6MWT and/or to a maximum flow rate of 6 LPM (15).  Subjects performed the 6MWTs  in a quiet 30-m corridor,  with standardized instructions and encouragement, according to ERS/ATS standards (16). 
Oxygen versus placebo air 6MWT
At the baseline visit  (Figure 1), patients reporting stable symptoms in the two-week run in period, were asked to perform two further 6MWTs, one on oxygen and one on placebo air-filled canisters, at the flow rate (either oxygen or placebo air) identified during the screening visit, in random order, using nasal cannulae with continuous flow, with a rest of at least 30 minutes between tests. Patients were blind to the content of the canisters.  The order of oxygen vs placebo air filled canisters was randomised. One patient withdrew a few hours after being randomised and therefore did not perform the placebo controlled 6MWT. Measured parameters (WristOx2™ model 3150) included 6-minute walk distance, oxygen saturation and heart rate measured continuously, Borg dyspnoea and fatigue score before and at the end of the test,  as well as time to recovery of heart rate, oxygen saturation, Borg dyspnoea and fatigue scores to baseline levels. 

Intervention: ambulatory oxygen cylinders
Light weight oxygen gas cylinders were used to provide ambulatory oxygen in daily life. Participants were instructed to use the cylinders during routine activities of daily living. The light weight oxygen cylinders, weighing approximately 2 kg, were provided by the relevant oxygen companies in the UK, depending on post code. Cylinder weight was similar between oxygen companies varying between 1.8 and 2.2 kg (Supplementary Table 1). Continuous oxygen flow via nasal cannulae was used for all patients to standardize mode of delivery. Oxygen flow rates were determined on the basis of the entry 6MWT on O2. Patients were asked to report on a dedicated trial diary the number of fully and partially used oxygen cylinders at the end of each week.  Further details on assessment of oxygen cylinder use can be found in the Appendix (Supplementary page 2) 

Patients were assessed at week -2 (screening), and then at weeks zero (baseline), two (crossover) and four (last visit). At week zero, after performing the placebo controlled 6MWT, patients were randomised to either ambulatory oxygen or no treatment for the following two weeks. Following completion of the two weeks on the treatment arm assigned during the baseline visit (ambulatory oxygen or no intervention), patients crossed-over to the alternative treatment for a further two weeks (Figure 1). At each visit, starting from week zero, patients underwent a physical examination, adverse event assessment, and were questioned about concomitant medication. Each visit included the King’s Brief Interstitial Lung Disease questionnaire (K-BILD) (17), the University of California San Diego Shortness of Breath questionnaire (UCSD SOBQ) (18) St George's Respiratory Questionnaire (SGRQ) (19) and the Hospital Anxiety and Depression Scale (HDAS) (20). Visits at weeks 2 and 4 also included the patient’s global assessment of change in breathlessness and walking ability, respectively (Supplementary file p 2).
Randomisation and masking
After completion of the two week run in period, at week zero, participants were randomly assigned as to the order of treatment by an Interactive Web-based Randomisation System (InForm), specifically set up by Imperial College Clinical Trials Unit (ICTU) and also used by all the centres to collect data. Simple block method randomization was performed to determine the order of treatment. All participants had two separate randomization processes:
1) Randomisation as to the order in which subjects performed the 6MWT on oxygen versus placebo air, with patients blind to the content of the canisters.
2) Randomisation as to the order in which subjects had the portable home oxygen versus no oxygen during the first two weeks of treatment.

Outcomes
Quality of life
The primary outcome of the study was the change in K-BILD scores between oxygen and no oxygen treatment at the end of each two week period, respectively (17). The K-BILD is an ILD-specific instrument to assess quality of life, containing 15 questions, each with a seven point response scale, grouped into three domains: breathlessness and activities, chest symptoms, and psychological. The domain and total score ranges are 0-100, with lower scores indicating worse quality of life. The results of each K-BILD was inserted by an independent data enterer based at RBH.
Key secondary outcomes included: 
- patient reported global assessment of change (same, better or worse ) over the previous two weeks in a) breathlessness on exertion (breathlessness global assessment) and b)  ability to walk (walking global assessment).  
- the University of California San Diego Shortness of Breath questionnaire (UCSD SOBQ)(18), a well-established tool for assessment of dyspnoea during activities. Severity of dyspnoea in 24 activities is ranked on a scale of 0 to 5, for a total range from 0 to 120, with higher scores indicating worse dyspnoea. Results from these key secondary outcomes  were also inserted by an independent data enterer.
Additional quality of life secondary outcomes included:
-St George’s Respiratory Questionnaire (SGRQ), a 50 item questionnaire developed in COPD but widely used in IPF (19), divided into three components (symptoms, activity, and impacts), with a total score ranging from 0 to 100 (higher scores indicating worse QoL).
-Hospital Anxiety and Depression Scale (HDAS) (20) consisting of seven items for depression (HADS-D) and seven items for anxiety (HADS-A), with scores on each subscale ranging from 0 to 21 points, and higher scores indicating worse psychological status.

Physical Activity 
Accelerometer measurements
As a measure of daily physical activity, patients were asked to wear a SenseWear Armband (SAB), a biaxial accelerometer, for five consecutive days in each of the two week periods (on and off oxygen respectively), for 24h/day with the exception of time undertaken for personal hygiene requirements. Valid activity was taken as three consecutive days with a wear time of >89% per day.

Patient-reported daily activities 
Qualitative interviews
Twenty-one patients out of the 56 patients participating in the trial at the Royal Brompton site agreed to participate to an audio-recorded semi-structured interview with a qualitative research nurse specialist immediately following the end of the study. The aim was to identify patient experiences, benefits and concerns relating to using ambulatory oxygen at home. Recordings were transcribed, anonymised and analysed using the Framework approach, a systematic, well-recognised method for qualitative analysis that describes a process of summarisation, resulting in a series of themed matrices (21). 

Statistical analysis
The sample size of 80 was calculated to be sufficient to detect a significant difference in the KBILD score between the two arms of the study with 90% power at a two-sided 5% significance level (22).
The main hypothesis was that ambulatory oxygen would improve health status compared to no treatment. The primary outcome was the difference in K-BILD score on oxygen compared to no oxygen. We used a generalised linear model with the difference in health status as the dependent variable and treatment sequence as a fixed effect. The study was considered positive if statistical significance at the level of 0.05 (two tailed) was achieved. 
An intention to treat analysis was performed with all the patients entered in the study for whom data were collected, regardless of compliance with treatment. Missing items due to post-processing incidents (lost questionnaire pages, patient input errors, etc) were less than 1% and were considered as occurring completely at random. We therefore performed the analyses both as complete case analysis (omitting missing data), and after replacing missing data with multiple imputation, using 20 replicates imputed by multivariate normal regression over the baseline value of that parameter, the value of global assessment, and the order of treatment. There were no noticeable or significant differences in the results, and we therefore only report the results of the complete case analysis without imputing data.
Comparisons between groups were performed using generalised linear model analysis as a parametric test, and Koch’s non parametric test designed for the two period cross over design (23), as appropriate.

Role of the funding source
The funder of the study had no role in the study design, data collection and analysis, data interpretation and the writing of the manuscript. The corresponding author had full access to all the data in the study and had final responsibility for the decision to submit for publication.

 
Results
Baseline  characteristics  
[bookmark: _GoBack]Between August 2014 and October 2016, a total of 269 patients were screened and 84 were randomized (Figure 1)., with the last patient’s follow-up visit on the 2nd of November, having reached the target number of patients.  The baseline characteristics of the 84 randomised patients are summarised in Table 1. Mean age (SD) was 67.9 ± 10.4 yrs,  26 patients were females (31%) and  53  patients (63%) had a history of smoking. The most frequent diagnosis was IPF (49 patients; 58%). Other diagnoses included fibrotic HP (13 patients), CTD associated ILD (8 patients), fibrotic NSIP  +/- OP (6 patients) unclassifiable ILD (3 patients), fibrotic sarcoidosis (2 patients), pleuroparenchymal fibroelastosis  (1 patient)  and interstitial pneumonitis with autoimmune features (1 patient). On average, patients had moderate-severe disease, with DLCO of 38.5 ± 9.3% and mean composite physiologic index (CPI) of 52.9 ±8.4. Mean KBILD total score was 50.5 ± 11.2. A summary of other quality of life questionnaire scores is provided in Table 1.  

Compared to patients with non-IPF ILD, patients with IPF were older, more likely to be men, and more likely to be ex-smokers. No significant differences were observed in baseline lung function, questionnaire scores or 6MWT parameters between patients with and without IPF (Appendix, table 2, p 3)

Placebo controlled 6MWT (oxygen cylinders against placebo air cylinders) 
Compared to the 6MWT performed on placebo air, the median Borg dyspnoea score at the end of the test on supplemental oxygen fell by one point (from 4 to 3, p < 0.0001) (Table 2). Supplemental oxygen improved the mean 6MWT distance by 18.5 meters (p=0.001) compared to placebo air (Table 2). Compared to placebo air, oxygen was associated with a significant reduction in the dyspnoea and fatigue  recovery time (Table 2). 

Primary outcome
Ambulatory oxygen used during daily activities for two weeks was associated with a significant improvement in the total K-BILD score (adjusted mean difference between supplemental oxygen and no oxygen of  3.7: 95% C.I. 1.8-5.6) (Table 3 and Figure 3). In KBILD subdomains, the largest improvement was seen in the “breathlessness and activity” domain (Δ=8.6; 95% C.I. 4.7-12.5), followed by the “chest symptom” score (Δ=7.6; 95% C.I. 1.9-13.2), while the difference in the “psychological” domain did not reach statistical significance (Table 3). The difference in the KBILD total score was similar regardless of the order of the intervention (Supplementary table 3, p3). None of the baseline demographic characteristics, smoking history,  diagnosis of IPF, baseline questionnaire scores, baseline lung function tests, presence of raised PASP on echo, presence of RV dilatation, or BNP levels significantly affected the primary outcome (change in KBILD total score) (Supplementary Table 4). The difference in primary outcome remained significant after adjusting for respiratory centre.


Secondary outcomes
Pre-defined major secondary outcomes included the patient reported global assessment of change in breathlessness and walking ability, and the UCSD-SOBQ. At the end of the two weeks assigned to ambulatory oxygen, the majority of patients reported improved breathlessness (better:52/76 - same:23/76 - worse:1/76), compared to the two weeks on no oxygen (better 1/76 – same:57/76 - worse:18/76) (p<0.0001). (Figure 4 panel A). Similar results were observed when asked about change in the ability to walk (Figure 4 panel B) (p<0.0001). Significant improvements were observed at the end of the two weeks on ambulatory oxygen compared to no oxygen in the UCSD SOBQ (adjusted difference: -8.0; 95% CI:-12.4 to -3.6, p<0.001) (table 3). 

Among additional secondary outcomes, the SGRQ total score improved significantly on oxygen (adjusted difference -3.6; 95% CI -6.7 to -0.6, p=0.018) (Table 3), with the largest difference observed in the activity domain (-7.5 ; 95%CI-12.4 to -2.5, p=0.003) (Table 3).  The HDAS anxiety score improved on the two weeks on oxygen compared to no oxygen (adjusted difference -1.4; 95%CI  -2.1 to -0.7, p<0.0001), as did the HDAS depression score (adjusted difference -1.05,95%CI-1.8 to -0.4, p=0.003) (Table 3).

Sensewear Armband (SAB) data 
SAB measurements met criteria outlined in the methods section in both periods of the trial in only 41 patients. SAB  activity data is provided in Supplementary Table 5.  Using the proposed categorization of PAL described in the methods section, 28/41 individuals were very inactive (PAL <1.4), and only 2 individuals could be categorized as active (PAL>1.7). Although there was a slight trend towards increased activity and step counts on ambulatory oxygen, this did not reach statistical significance. 

Impact of O2-induced changes in 6MWT  parameters on the  primary outcome 
The relationship between changes in 6MWT parameters on oxygen versus placebo air and the primary outcome were evaluated. Of the O2-induced changes in 6MWT parameters, only oxygen induced reduction in highest heart rate recorded during the 6MWT was loosely associated with the primary outcome (p=0.052) (Supplementary table 6). 

Oxygen cylinder use and study outcome
Median patient-reported oxygen cylinder use per week was 2.75 cylinders (range 0-14), while median oxygen flow rate was  3 LPM (range 1-6 LPM). For 47 pts, an independent report from the oxygen companies and/or domiciliary visits, was available. A strong correlation between patient-report and independent report was observed, suggesting patients’ self-reporting was reliable  (Spearman’s rho=0.94, p<0.00001). 

Decision to continue on supplemental oxygen
At the end of the trial period, the majority of patients (51/76, 67%) chose to continue using ambulatory oxygen. On univariate analysis, baseline clinical parameters associated with this decision included younger age (64.8 ± 10.3 vs 73.0 ± 8.6; p=0.002), and more severe lung function impairment (CPI 54.9 ± 8.4 vs 49.1 ± 7.1; p=0.008)  (table 4), with both age and CPI remaining independently predictive on bivariate analysis (p-0.009 and p=0.037, respectively) . 
Among the outcomes of the trial, on univariate analysis, the most significant determinants of the decision to continue on O2 were the patient’s global assessment of change in breathlessness (OR 4.1, p=0.001) and in walking ability (OR 3.2, p=0.003) (table 5). On multivariate analysis, the patients’ global assessment in the change in breathlessness (or in a separate model the assessment in change walking ability) remained the strongest determinant of the decision to continue on oxygen; younger age also remained independently predictive (supplementary tables 7 and 8). 

Adverse events
Five serious adverse events were recorded during the trial; three (including one death) in the two weeks on oxygen and two (including one death) in the two weeks of no oxygen. All adverse events were classified as unrelated to the trial. Details can be found in the Appendix (Supplementary table 9).

Qualitative interviews
The themes that emerged from the interviews included: differences in the way ambulatory oxygen was used; benefits from oxygen therapy; challenges of using oxygen therapy; the visibility of oxygen therapy; prognostic meaning of using oxygen at home. A detailed analysis of the interview contents is outside the scope of the present manuscript and will be reported elsewhere.

Discussion
This is the first randomized controlled study to assess the effects of ambulatory oxygen on day to day quality of life in patients with fibrotic ILD. We find that ambulatory oxygen has a beneficial effect on health-related quality of life, as measured by the KBILD score, the primary outcome of the trial. The most marked effect was seen for the K-BILD breathlessness and activity domain, with an average difference of 8.6, above the recently reported MCID of 7 for this subdomain (24). Ambulatory oxygen was also associated with improvements in the two pre-determined main secondary outcomes, the UCSD SOBQ, and the global patient assessment of change in breathlessness and walking ability. The average adjusted difference of 8 observed for the  UCSD SOBQ score  was  higher than the MCID reported for COPD patients (>4) (25). Although the MCID has not been tested in ILD, the finding of a significant difference in the UCSD SOBQ, a questionnaire dedicated to breathlessness across a range of activities,  further suggests a clinically beneficial effect of ambulatory oxygen. 

The improvements seen in the SGRQ total score, although significant, were less marked than those seen with the K-BILD or UCSD SOBQ. The impact on the domain investigating breathlessness with activities was again the strongest, in keeping with the findings for the KBILD subdomain “breathlessness and activity”, thereby increasing the confidence in this result. Interestingly, no difference was observed for the SGRQ for the symptoms and impact domains. This could be partly explained by the fact that the SGRQ  focuses on the previous 3 months, compared to the two week recall of K-BILD, UCSD SOBQ and the patient reported global assessment of change, coinciding with the period of oxygen use for this study. Furthermore, the SGRQ is a questionnaire developed to quantify the impact of obstructive lung diseases on quality of life (19), and the internal consistency for the symptoms score has been found to be lower in IPF than in COPD patients, possibly because of the inclusion of symptoms such as wheezing, more frequent in COPD patients (26) . 

Despite improved breathlessness and quality of life scores, we observed no significant differences in step counts or physical activity levels during the two weeks assigned to ambulatory oxygen. However, the analysis of the Sensewear activity data was hampered by the technical/logistical difficulties encountered by patients, such that only little more than half of patients completing the study had analysable data according to our inclusion criteria. This may have limited our power to detect an effect, and further studies focused on the effects of ambulatory oxygen on activity levels are needed before any definitive conclusion can be drawn. 
This study has a number of potential limitations. The study design does not include a placebo arm, although this was a carefully reached decision. Ambulatory oxygen cannot be administered without the concomitant weight of the oxygen delivery device, as the intervention is a combination of possible benefits from oxygen and the disadvantage of canister weight. In a recent COPD study, the weight of the oxygen system was reported as a key negative issue by 93% of study participants (27) . The negative effects of a “placebo” air filled cylinder mean that a positive result of an oxygen arm against an air-filled canister arm would be clinically difficult to interpret. The ‘placebo’ would be actively harmful to study participants, and carrying an air-filled canister would be expected to lead to reduced exercise tolerance. As such, we concluded that use of an air-filled cylinder arm would not inform the real life comparison between oxygen plus cylinder weight and no intervention. In view of the absence of a placebo arm, independent checks on the amount of oxygen used by patients were made. The strong correlation between self -reported number of cylinders and independent report by oxygen companies and/or specialist nurse home visit suggests good reliability of self-reported use of oxygen cylinders in this study. 

The beneficial effect of supplemental oxygen on breathlessness could reside in the stimulation of the upper airway mucosa receptors by the high air flow rather than the oxygen per se (28;29). In the study by Abernethy et al, no difference was seen in the effects on dyspnoea on breathless patients with chronic lung diseases but not hypoxic at rest, between ambient air vs oxygen via nasal cannulae at a flow of 2 LPM delivered continuously over a seven day period. However, in this mostly COPD cohort, only 6% of patients had interstitial lung disease, oxygen was provided regardless of activities, was not titrated to optimize oxygen saturation on exertion, and the breathlessness scores appear to have been measured at rest. Conversely, Leach et al (15) compared 6MWT distance and breathlessness scores of patients with severe lung disease, between walking tests performed using a sham cylinder containing air at a flow rate of 4 LPM, or oxygen at flow rates of 2, 4 and 6 LPM, in random order. All patients, including ILD patients, analysed separately, experienced a significant worsening in distance walked and in visual breathlessness scores when they carried the extra weight of the cylinder, despite the nasal cannulae air flow of 4 LPM, while distance walked and breathlessness score progressively improved with increasing O2 flow rates. On the other hand, in a recent meta-analysis, short term supplemental oxygen during short bursts of exercise was associated with improvements in exercise performance but with inconsistent effects on breathlessness (11). The current study included a 6MWT on oxygen against placebo air, the latter provided at the same flow of the supplemental oxygen, titrated to the needs of the individual patient. We found that breathlessness was significantly improved by oxygen compared to placebo air, with a median increase in the Borg breathlessness score by one unit. Taken together, these data suggest that the benefit observed with supplemental oxygen in this study is dependent on oxygen itself rather than the effect on the nasal mucosa receptors of high flows of air, although further studies directly comparing the two modalities will be useful. One such study is currently under way (ACTRN12617000054314). 

In AmbOx, ambulatory oxygen improves quality of life in patients with ILD who experience significant desaturation on exercise. However, even if oxygen improves symptoms, a number of studies have reported on the challenges that supplemental oxygen can create for patients and their caregivers (12;13). In AmbOx, approximately a third of patients decided not to continue using ambulatory oxygen at the end of the trial. This finding suggests that the challenges associated with supplemental oxygen use need further study and assessment. We identified younger age as a strong predictor of adopting ambulatory oxygen in the longer term. Whether this is related to higher motivation to remain active in younger patients,  or other factors, will require further study. The tight link between patient-reported change in breathlessness and/or walking ability after the two weeks on ambulatory oxygen and longer term continuation suggest that a trial period of two weeks may be useful to assess whether the benefits provided by ambulatory oxygen overcome the burden associated with its use in the individual patient. This would allow clarification of the many questions that arise from oxygen use, and may help focus resources on patients who are most likely to continue to use the oxygen long term.
In conclusion, ambulatory oxygen was found to improve health related quality of life in fibrotic ILD, a group of diseases associated with life changing respiratory symptoms, with limited beneficial interventions. Further in depth analysis of the positive and negative impact of supplemental oxygen will derive from the qualitative interviews performed in a subgroup of patients. Despite the downsides of supplemental oxygen, the majority of patients opted to continue with the ambulatory oxygen, thus further emphasising the overall positive effect in the majority of patients and the need to develop guidelines for its use specific to patients with ILD.



Table 1. Baseline characteristics of randomized patients. 
	
	O2 first
N=41
	No O2 first
N=43
	P value
	Total
N=84

	Female sex – N (%)
	15 (36.6)
	11 (25.6)
	0.28
	26 (30.95)

	Age -yrs
	68.9 ± 11.4
	66.8 ± 9.5
	0.35
	67.9 ± 1.4

	Body mass index
	28.5 ± 5.1
	28.3 ± 4.6
	0.89
	28.4 ± 4.8

	Smoking status
	
	
	
	

	Ex smoker   
	29 (70.7)
	24 (55.8)
	0.16
	53 (63)

	FVC %
	71.1 ± 18.9
	75.1 ± 19.5
	0.35
	73.1 ± 19.2

	FEV1 %
	73.6 ± 21.0
	76.8 ± 19.4
	0.48
	75.2 ± 20.2

	DLCO %
	39.8 ± 10.2
	37.3 ± 8.2
	0.23
	38.5 ± 9.3

	Composite Physiologic Index
	52.4 ± 9.1
	53.5 ± 7.7
	0.55
	52.9 ± 8.4

	Dilated RV on echo – N (%)
	6/38
	4/40
	0.44
	10 /78

	BNP 
	38 (24 - 61)
	29 (17 - 50)
	0.1
	34 (20 - 57)

	IPF
	23 (56.1%)
	26 (60.5%)
	0.17
	49 (58.3%)

	KBILD baseline total score
	51.2 ± 8.4
	49.7  ± 13.4
	0.55
	50.5  ±11.2

	Breathlessness 
	33.8  ± 13.6
	34.9  ± 18.8
	0.74
	34.4  ± 16.3

	Chest symptoms
	57.4 ± 16.6
	55.3  ± 22.8
	0.63
	56.3  ± 19.9

	Psychological
	52.1  ± 10.8
	48.1  ± 16.7
	0.20
	50.1  ± 14.1

	SGRQ total score
	50.8  ± 15.1
	51.9  ± 18.1
	0.77
	51.4  ± 16.6

	Symptoms
	55.2  ± 21.9
	56.6  ± 21.4
	0.76
	55.9  ± 21.5

	Activity
	69.0  ± 16.3
	66.6  ± 19.2
	0.55
	67.8  ± 17.8

	Impact
	38.7  ± 18.1
	41.7  ± 20.6
	0.49
	40.2  ± 19.3

	UC-SDSOBQ score
	51.5  ± 21.2
	48.8  ± 24.5
	0.59
	50.1  ± 22.8

	HDAS anxiety
	5.25  ± 3.6
	6.4  ± 4.2
	0.19
	5.8  ± 3.9

	HDAS depression
	4.8  ± 2.8
	5.9  ± 3.4
	0.10
	5.4  ± 3.2


Data are mean (SD), N (%), or median (IQR) unless otherwise specified.
KBLD=King’s Brief Interstitial Lung Disease Questionnaire. UC-SDSOBQ= University of California Shortness of Breath Questionnaire. SGRQ=St George’s respiratory Questionnaire.  HDAS:Hospital Anxiety and Depression scores.


	
	Oxygen
	Placebo Air
	p

	SaO2 % end of test
	90.6 ± 5.7
	84.7  ± 4.7
	<0.0001

	Min SaO2
	88.4 ±5.9
	82.9 ± 4.8
	<0.0001

	Borg dyspnea score 
	3 (2 to 5)
	4 (3 to 6)
	0.0014

	Borg fatigue score 
	0 (0 to 4)
	0 (0 to 3)
	0.005

	Distance walked
	373.3 ± 89.3
	354.5 ± 96.8
	0.001

	Heart rate end of test
	99.9 ± 14.3
	102 ±18.3
	ns

	Max heart rate
	105±13.8
	109±15
	0.01

	SaO2 recovery time (s)
	117 ± 99.7 
	221 ± 127
	<0.0001

	Borg fatigue score recovery time (s)
	68.1 ± 133.6
	108.3 ± 157.9
	<0.0001

	Borg dyspnea score recovery time (s)
	120 (73 to 167)
	172 (118 to 235)
	0.0008

	Heart rate recovery time (s)
	173.1 ± 153.6
	197.7 ± 148.7
	0.06


Table 2. Effects of oxygen vs placebo air on 6 minute walk test parameters  

Data are mean (SD), or median (IQR) unless otherwise specified.
SaO2= arterial oxygen saturation; s=seconds

Table 3. Quality of life scores (mean – 95% C. I.) after two weeks on and two weeks off ambulatory oxygen

	
	On oxygen
	No Oxygen
	Mean between treatment difference
	P value

	KBILD*  (N=74)
	

	Total score
	55.6 (52.5 to 58.7)
	51.8 (48.7 to 54.9)
	3.7 (1.8 to 5.6)
	<0.0001

	Breathlessness and Activities score
	44.4 (39.3 to 49.4)
	35.8 (31.1 to 40.4)
	8.6 (4.7 to 12.5)
	<0.0001

	Chest Symptoms score
	65.7 (60.0 to 71.4)
	57.9 (51.3 to 64.6)
	7.6 (1.9 to 13.2)
	0.009

	Psychological Symptoms score
	55.2 (50.8 to 59.6)
	52.8 (48.4 to 57.3)
	2.4 (-0.6 to 5.5)
	0.12

	
	
	
	
	

	SD-SOBQ ¥ (N=72)
	
	
	
	

	Total score
	41.0 (33.9 to 48.0)
	49.08 (41.2 to 57.0)
	-8.0 (-12.4 to -3.6)
	<0.0001

	
	
	
	
	

	SGRQ ¥  (N=72)
	
	
	
	

	Total score
	47.5 (41.9 to 53.2)
	52.4 (46.6 to 58.1)
	-3.6 ( -6.7 to -0.6)
	0.018

	Activity score
	60.5 (54.3 to 66.7)
	68.9 (63.1 to 74.7)
	-7.5 (-12.4 to -2.5)
	0.003

	Symptoms score
	51.3  (44.3 to 58.4)
	54.9 (47.6 to 62.3)
	-1.7 (-6.6 to 3.3)
	0.5

	Impacts score
	38.6 (32.2 to 45.1)
	41.8 (35.2 to 48.5)
	-2.1 (-5.6 to 1.3)
	0.2

	
	
	
	
	

	HDAS Ω (N=70)
	
	
	
	

	HDAS anxiety score
	6.4 (5.1 to 7.6)
	5.1 (3.8 to 6.4)
	-1.4 (-2.1 to -0.7)
	<0.0001

	HDAS depression score
	5.9 (4.8 to 7.0)
	4.8 (3.7 to 5.9)
	-1.05  (-1.8 to -0.4)
	0.003


Data are adjusted mean and mean difference  (95% CI) for order of treatment. KBLD=King’s Brief Interstitial Lung Disease Questionnaire. UC-SDSOBQ= University of California Shortness of Breath Questionnaire. SGRQ=St George’s respiratory Questionnaire.  HDAS:Hospital Anxiety and Depression scores.
*Higher scores reflect better quality of life
¥ Lower scores reflect better quality of life
Ω Higher scores reflect less anxiety/depression
	
	Decision to Continue O2 (N=51)
	Decision not to 
continue O2
 (N=25)
	OR (95%CI
	P value *
	

	Age 
	64.8 ± 10.3
	73.0  ± 8.6
	0.89 (0.83-0.96)
	0.002
	

	Males (%)
	34 (66.7%)
	17 (68%)
	0.94 (0.34-2.6)
	0.9
	

	Ex smokers 
	28 (55%)
	19 (76%)
	0.62 (0.36-1.06)
	0.08
	

	BMI
	29.0  ± 5.2
	27.8  ± 4.3
	1.05 (0.95-1.17)
	0.3
	

	IPF (%)
	26 (51%)
	18 (72%)
	0.52 (0.19-1.45)
	0.2
	

	FVC % predicted
	68.2  ± 18.5
	83.6  ± 16.5
	0.95 (0.92-0.98)
	0.003
	

	FEV1 % predicted
	70.8  ± 19.9
	84.6  ± 18.5
	0.96 (0.94-0.99)
	0.011
	

	DLCO % predicted
	37.3  ± 9.1
	40.54  ± 9.8
	0.96 (0.91-1.02)
	0.17
	

	KCO % predicted
	74.4  ± 16.4
	68.1  ± 15.5
	1.02 (0.99-1.06)
	0.12
	

	CPI
	54.9 ± 8.4
	49.1  ± 7.1
	1.1 (1.03 -1.17)
	0.008
	

	BNP levels
	31 (20.25 - 50)
	40 (19.25 - 66.5)
	0.99 (0.99-1.01)
	0.6
	


Table 4. Relationship between baseline clinical parameters and patient decision to continue on O2 at the  
end of trial.
* logistic regression, univariate analysis.  Data are mean (SD), median (IQR), or N(%).











 
Table 5 Relationship between primary and major secondary outcomes and the decision to continue on O2
	Change in outcome variables on O2 (adjusted for order of treatment)
	Decision to Continue O2 (N=51)
	Decision not to continue O2
 (N=25)
	OR (95% C.I.)
	P value*

	KBILD total Δ 
	3.7 ± 6.5
	1.5 ± 4.8
	1.06  (0.98 to 1.17)
	0.16

	KBILD breathlessness Δ
	9.7 ± 13.4
	3.4 ± 8.3
	1.05 (1.002 to 1.097)
	0.04

	KBILD chest symptoms Δ
	7.1 ± 17.2
	2.8 ± 18.9
	1.01 (0.99-1.04)
	0.35

	KBILD psychological Δ
	2.8 ± 9.0
	0.13 ± 10.5
	1.03 (0.98 to 1.09)
	0.27

	San Diego SOBQ
	-5.9 ± 141.1
	-1.1 ± 13.9
	0.97 90.94 to 1.01)
	0.18

	Global change breathlessness 
(patient reported)
	1.1 ± 0.6
	0.48 ± 0.7
	4.1 (1.8 to 9.4)
	0.001

	Global change walking ability
(patient reported)
	1.08 ± 0.7
	0.52 ± 0.8
	3.2 (1.5 to 6.9)
	0.003

	SGRQ total Δ
	-2.4 ± 10.2
	-2.8 ± 7.4
	1.01 (0.95 to 1.06)
	0.8

	SGRQ chest symptoms
	-0.7 ± 14.3
	-3.3 ± 17.1
	1.01 (0.98 to 1.05)
	0.5

	SGRQ activity
	-4.5 ± 16.8
	-6.71 ± 12.9
	1.01 (0.98 to 1.04)
	0.5

	SGRQ impact
	-1.4 ± 11.7
	-1.4 ± 8.1
	1.00 (0.96 to 1.05)
	0.9

	HDAS anxiety Δ
	-0.83 ± 2.4
	-0.33 ± 1.9
	0.92 (0.72 to 1.17)
	0.5

	HDAS depression Δ
	-0.7 ± 2.5
	-0.42 ± 1.4
	0.96 (0.76 to 1.22)
	0.7


*Logistic regression, univariate analysis, OR=Odds Ratio; data are mean ± SD


Figure  legend
Figure 1. Trial Flow Diagram[image: ]


Figure 2. Randomization flow diagram
[image: ]
Figure 3. Differences (mean – 95% CI) between supplemental oxygen and no oxygen in the KBILD subdomains (Breathlessness and Activities, Chest Symptoms, Psychological Symptoms) and KBILD total score
[image: ]
Figure 4. Numbers of patients reporting: improved-same-worse breathlessness   and  walking ability  at the end of the two weeks on oxygen (blue) vs no oxygen (green)
[image: ]
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