Factors which influence treatment initiation for Pulmonary Non-Tuberculous Mycobacterium infection in HIV negative patients; a multicentre observational study
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Abstract
Background
Clinical, radiological and microbiological criteria inform diagnosis of pulmonary Non-Tuberculous Mycobacteria (NTM) disease and treatment decisions. This multicentre, review aims to characterise NTM disease meeting ATS/IDSA criteria and define factors associated with initiation of treatment.
Methods
Sputum samples growing NTM from 5 London hospitals between 2010-2014 were identified. Data for HIV-negative individuals meeting ATS/IDSA guidelines for pulmonary NTM disease were extracted. Associations between clinical variables and treatment decision were investigated using Chi-squared, Fishers-exact or Mann Whitney tests. Factors associated with treatment in univariate analysis (p<0.150) were included in a multivariate logistic regression model. 
Results
NTM were identified from 817 individuals’ sputum samples.  108 met ATS/IDSA criteria. 42/108 (39%) were initiated on treatment. Median age was 68 (56-78) in the cohort. 
On multivariate analysis, factors significantly associated with treatment of pulmonary NTM infection were:  Cavitation on HRCT (OR: 6.49; 95% CI: 2.36-17.81), presenting with night sweats (OR 4.18; 95% CI: 1.08-16.13), and presenting with weight loss (OR 3.02; 95% CI: 1.15-7.93).  
Of those treated, 18(43%) have completed treatment, 9(21%) remain on treatment, 10(24%) stopped due to side effects, 5(12%) died during treatment. Mortality was 31% (n=13) in treated versus 21% (n=14) in the non-treated cohort. Subgroup analysis of individual NTM species did not observe any differences in treatment initiation or outcomes between groups.
Discussion
Decision to treat pulmonary NTM infection requires clinical judgement when interpreting clinical guidelines. Factors independently associated with decision to treat in this HIV-negative cohort include cavitation on HRCT and presenting with night sweats or weight loss.
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Introduction
Non-Tuberculous Mycobacteria (NTM) are ubiquitous, environmental organisms. The prevalence of pulmonary NTM disease is increasing world-wide with some regional species variation[1–3]. Symptoms, radiological findings and co-morbidities are highly variable. Differentiating colonisation from infection is often challenging for physicians. Optimal treatment strategies rely largely on expert opinion, as high quality evidence is lacking [4]. 
Diagnosis is based on a combination of clinical symptoms, radiological imaging and microbiological cultures[4,5]. The British Thoracic Society (BTS) and American Thoracic Society with the Infectious Disease Society of America (ATS/IDSA) have published guidelines to support physicians in diagnosis and management of these infections[4,5]. However, studies have shown that adherence to these guidelines is poor both in Europe and America[2,6–8]. Even in patients’ meeting diagnostic criteria for pulmonary NTM disease the decision of when to initiate treatment is difficult due to patient, organism and treatment related factors [7]. 
Unlike tuberculosis, NTM are ubiquitous in the environment. Colonisation of the respiratory tract by NTM is well described, especially in patients with structural lung disease[9–11]. Whether colonisation with NTM is a necessary step for disease to occur and manifest is unknown. NTM are able to adhere to exposed fibronectin in the respiratory mucosa and to produce biofilm[12]. Therefore, patients with either pulmonary NTM colonisation, or disease, tend to be elderly with comorbidities including Chronic Obstructive Pulmonary Disease (COPD) or bronchiectasis[12]. Furthermore, as environmental commensals NTM are commonly identified in tandem with other pathogenic organisms and on investigation for other clinical conditions, such as malignancy[10,13]. The decision to treat is always a balance between the benefits of treating someone with pulmonary NTM disease against the side effects commonly experienced with anti-mycobacterial chemotherapeutics[14]. This is further compounded by low success rates and poor clinical outcomes reported from therapy for pulmonary NTM disease in a number of clinical settings [2,6–8]. However, in certain patient populations and NTM species excellent responses to therapy can be observed [15].
We conducted a multi-centre, retrospective study investigating factors associated with initiation of anti-mycobacterial chemotherapy and the outcomes of therapy in a cohort of patients meeting the ATS/IDSA criteria for pulmonary NTM disease. 


Methods
All patients with sputum samples growing NTM from Imperial College Healthcare and London North West Hospitals NHS Trusts between 2010-2014 were identified. Only HIV-negative patients fulfilling the ATS/IDSA guidelines for pulmonary NTM disease were included[4]. Patient electronic records were interrogated and demographic, clinical, radiological, microbiological, management and outcome data were extracted. Radiology reports were performed by radiologists specialised in respiratory radiology. Where more than one factor was reported on HRCT imaging, the most suggestive factor which influenced the suggestion of potential pulmonary NTM disease was selected for each individual patient.
Data analysis was performed using SPSS 22.0 (IBM Statistics, Chicago). Chi-Squared, Fishers exact and Mann-Whitney U tests were used where appropriate. Logistic regression modelling was then performed to investigate factors associated with the decision to treat. Variables with p-values of p<0.15 were entered into a stepwise multivariate regression model. P-values of p<0.05 were considered significant. Individuals with missing data were excluded from our multivariate regression model. For multivariate analysis NTM species were investigated using three separate approaches. Firstly, individual NTM species were included in the analysis (data not shown). Given the low numbers of several NTM species, we then investigated grouping species into high virulence NTM versus low virulence NTM for investigation. This was based on ATS/IDSA guideline recommendations and did not demonstrate any association (data not shown) [4]. Finally, species were divided into the sub-groups; Mycobacterium avium complex, Mycobacterium kansasii, Mycobacterium xenopi, rapid growing mycobacterium (RGM), and other slow growing mycobacterium. This was selected to allow for individual NTM species analysis where numbers were appropriate. Furthermore, as no associations were observed between initiation of therapy and any of the NTM species included within other slow growing Mycobacteria and rapid growing Mycobacteria (e.g. Mycobacterium abscessus versus Mycobacterium fortuitium) these organisms were grouped for final analysis.
Ethics approval was not required for this retrospective, observational analysis, as all data was anonymised and no additional data collection was undertaken. Local clinical governance protocols were followed within both Trusts.

Results
Between April 2010 and January 2014 a total of 1190 NTM isolates were identified. These related to 817 individual patients. Of these, the majority of isolates were Mycobacterium avium complex (38%) and rapid growing Mycobacteria (35%) (in which Mycobacterium fortuitum predominated [19%]). Table 1 describes the proportions of NTM isolated within our population and those meeting ATS/IDSA guidelines. Of the 817 individual patients who grew NTM in sputum samples, 108 met ATS/IDSA guidelines for pulmonary NTM disease and thus were included in our final analysis (Figure 1). Of the 108 individual patients who met ATS/IDSA guidelines, 42 (39%) were commenced on therapy for NTM disease. Mycobacterium avium complex predominated in treated (45%) and untreated (55%) individuals (p=0.43). Mycobacterium kansasii was significantly more prominent within treated (n=11, 26%) individuals compared to untreated (n=6, 9%) individuals (p=0.03).    
The median age (IQR) of the cohort was 68 (56-78) years, 66 (61%) out of 108 were men and the majority were white ethnicity (Table 2). Half (n=54/108) had a smoking history and COPD was the most prevalent background lung disease reported (32/108, 30%). On descriptive analysis, individuals who received treatment were significantly more likely to have a background of COPD compared to those who were not treated (22/42, 52% & 16/66, 24%; p<0.01). Those initiated on treatment were more likely to report night sweats (10/42, 24% & 4/66, 6%; p=0.02). Cavitation on high resolution Computer Tomography (HRCT) was more prevalent among treated compared to the untreated individuals (20/42, 50% & 9/66, 14%; p<0.01) and those commenced on therapy were more likely to be sputum acid-fast bacilli (AFB) smear positive (12/42, 29% & 4/66, 6%; p<0.01).
Table 3 summarises the multivariate logistic regression analysis performed to investigate the factors independently associated with initiation of therapy within our cohort. Two individuals from the treated and four from the untreated cohort were excluded from the analysis due to missing data. Therefore, 40 treated and 62 untreated individuals were included in the final stepwise model. A background of COPD, presenting with weight loss or night sweats, white cell count >8x109 /L, C-reactive protein > 10mg/L, cavitation or bronchiectasis with or without nodules on HRCT imaging, positive sputum smear for AFB, and Mycobacterium kansasii lung disease were all carried forward into the stepwise regression model. On multivariate analysis the following factors were found to be independently associated with treatment initiation within our cohort. Cavitation on HRCT imaging increased the odds of treatment by 6.49 times (95% CI: 2.36-17.81), presenting with night sweats by 4.18 times (95% CI: 1.08-16.13) and presenting with weight loss by 3.02 times (1.15-7.93).  
Individual treatment outcomes are described in table 4. Of the 42 patients treated, 23 (55%) culture converted. To date, 18 (45%) have completed treatment, 9 (21%) remain on treatment, 10 (24%) stopped due to side effects, and 5 (12%) died during treatment. A further seven (17%) individuals required treatment alterations due to side effects. Treatment completion was defined as 12 months of negative sputum cultures whilst on therapy for Mycobacterium avium complex and Mycobacterium kansasii as per ATS/IDSA recommendations[4]. For other NTM species where guidelines are more flexible, completion of treatment was determined by the clinician based on clinical, radiological or microbiological improvement in the clinic[4]. Median (IQR) length of therapy in those who have completed treatment was 18 (13-24) months. In those who remain on treatment the median length of treatment to date is 18 (11-36) months and in those who stopped due to side effects the median (IQR) length of therapy was 4 (0-6) months. Treatment was considered appropriate, according to recommendations in ATS/IDSA guidelines[4] or BTS guidelines[5] in 38/40 cases (full treatment details were not available for two individuals). In the two cases where treatment was not in-keeping with guideline recommendations this was due to previously known contraindications to recommended agents meaning that alternative regimes were selected. In both these cases, the subjects have improved clinically (symptomatically and pulmonary function).They have both culture converted and are nearing completion of therapy. 
Outcomes of treatment versus none treatment of individuals meeting criteria for pulmonary NTM disease are outlined in table 5. Overall mortality was similar in the treated (n=13, 31%) versus non-treated (n=14, 21%) cohort (p=0.36). On review of the reported cause of death, of the 27 individuals who died (with or without treatment), 13 (48%) were reported to of died secondary to lower respiratory tract infections on a background of chronic lung pathology. A further eight (35%) were reported to of died (or were palliated) secondary to malignancy with cause of death in the remaining six (22%) uncertain. Clinical response was assessed using clinical reports and pulmonary function testing (PFT), where available. In the treated cohort, 28 out for 42 (67%) individuals improved or remain clinically stable. This is compared to 37 out of 66 (56%) individuals in the non-treated cohort (p=0.37). Furthermore, of the 81 individuals who remain alive, 53 (65%) had follow up HRCT imaging available (22 in the treated and 31 in the untreated cohort). Radiological progression was reported in 8/22 (36%) of treated and 5/31 (16%) of untreated individuals. There was no significant difference identified in terms of progressing and stable / improving HRCT imaging between treated and untreated individuals who have had follow up imaging (p=0.17). Subgroup analysis of individual NTM species was performed to investigate differences in outcomes in between species. No significant differences in outcomes within cohorts were identified for clinical/radiological progression or mortality (data not shown). However, this may have been due to small numbers of several NTM species included. 

Discussion
Our real-world study included only patients meeting diagnostic criteria for pulmonary NTM disease and identified risk factors strongly associated with the decision to initiate treatment. Mortality was high in both treated and non-treated cohorts within our study. No differences were observed between NTM subspecies. 
Amongst our cohort, 39% of the 108 individuals meeting diagnostic criteria for pulmonary NTM disease started treatment. Only 43% of those who commenced treatment have completed therapy. The severity of presentation (i.e. weight loss and night sweats) and cavitation on HRCT imaging were the main factors associated with treatment initiation. Although Mycobactetrium kansasii was significantly associated with treatment initiation on univariate analysis, we did not observe any association between the decision to initiate therapy and species of NTM on multivariate logistic regression analysis. However, this may have been secondary to the small numbers of certain NTM observed in our cohort. 
Epidemiologically, in North West London Mycobacterium avium complex was the most abundant cause of pulmonary NTM disease in HIV-negative subjects. Whilst rapid growing Mycobacteria were predominant in our overall population of subjects, a lower proportion met ATS/IDSA guidelines and were subsequently treated compared to Mycobacterium avium complex. Interestingly, Mycobacterium fortuitum was the most prominent rapid growing Mycobacteria within our population making up 18% of total samples. Within large case series assessing the impact of rapid growing Mycobacteria, Mycobacterium abscessus made up the majority of clinically relevant pulmonary isolates observed[16][17]. Amongst individuals meeting ATS/IDSA guidelines in our cohort, 16% (n=17) grew rapid growing mycobacterium. Of these, Mycobacterium fortuitum predominated (n=9, 53%), with Mycobacterium abscessus (n=6, 35%) and Mycobacterium chelonae (n=2, 12%) second and third.  
As environmental organisms, NTM unlike Mycobacterium tuberculosis are not thought to be transmitted from person to person routinely[10]. Despite reports of an increasing incidence of pulmonary NTM disease in HIV-negative individuals, the true incidence is probably higher than reported[18][19]. Symptoms of pulmonary NTM disease are non-specific and diagnosis relies on a high level of suspicion by the physician and the appropriate diagnostic culture technique[13]. While the most prevalent organism in our cohort was Mycobacterium avium complex, others in similar settings have found Mycobacterium kansasii to be the most prevalent species in the UK[5]. Species distribution is likely to depend both on environmental and patient factors, such as co-morbidities. 
In 2007, the ATS/IDSA updated their guidelines on diagnosis of pulmonary NTM disease, reducing the number or positive NTM sputum samples required and placing a greater emphasis on the clinical diagnosis of disease[4][8]. This resulted in an increase in the number of individuals diagnosed with pulmonary NTM disease and a decreased time to diagnosis[8]. This poses challenges for the physician to consider when determining whether to treat an individual who fulfils the criteria for diagnosis of pulmonary NTM disease. These include balancing the risks of prolonged treatment duration with anti-mycobacterial treatment, their toxicity profile and evidence suggesting that outcomes in treated cohorts remains poor in terms of morbidity and mortality[2,6–8,20]. 
Risk factors for pulmonary NTM disease such as, immunosuppression, underlying lung pathology, and low socioeconomic status[2,4,10,21] have been well described. However, factors associated with treatment initiated are less well studied[7]. Our study provides an insight into the factors influencing physician decision making and supports a previous physician survey, which demonstrated clinicians tendency to favour treatment in those presenting with night sweats and weight loss[7]. Whilst this seems intuitive, clinical evidence for these opinions remains sparse. This work should promote further investigation of whether these described factors are indeed predictive of poor outcomes in the absence of treatment.
Finally, whilst in keeping with observations in the literature, the high mortality reported in both treated (31%) and non-treated (21%) individuals and low completion rate of therapy (43%) is concerning[2,6–8,20]. Whilst the higher mortality rate of treated individuals is likely due to physician selection bias, it also represents the poor pre-morbid condition of this cohort. Further longitudinal work would be beneficial to allow sufficient powering to investigate outcomes for individual NTM species, which we were unable to achieve through our retrospective analysis. This would be of interest as aggregated figures of pulmonary NTM management outcomes may bias results given that certain NTM species, such as Mycobacterium kansasii, are often considered to be more virulent than other species, such as Mycobacterium fortuitum, and thus may benefit from earlier intervention and bias aggregated outcome data when more prevalent within the population[22].  
Limitations of this study include its retrospective nature which meant that identification of symptoms at presentation and decision on the “exclusion of other more likely causes” as part of the ATS/IDSA guidelines relied on clinician’s documentation. To triangulate this information, we attempted to confirm the presenting symptoms from two individual clinicians’ documentation where this was available for review. A further limitation for analysis was the sporadic availability of PFT in our cohort. This meant that whilst we were able to use PFT to assess individual clinical response when they were available, we were unable to assess pulmonary function across our entire cohort. Another limitation was that individual NTM species analysis for differences in outcomes was challenging given the small number of patients with individual species causing infection. This has made identifying inter-species variation in response to treatment difficult. In addition, we had to exclude 6 (6%) individuals from our multivariate model due to missing data.  Furthermore, limited consideration by clinicians of pulmonary NTM as a differential at the time of investigation and thus limited sampling[18][19] may have underestimated the true burden of pulmonary NTM disease within our centres. Finally, given our patients were identified from laboratory records collected between 2010 and 2014 treatment outcomes were not yet available for several patients.
In conclusion, pulmonary NTM disease is a growing burden in HIV-negative cohorts. Despite guidelines for the diagnosis of pulmonary NTM disease, little is understood about the factors which subsequently influence physicians’ treatment decisions. With the growing prevalence of pulmonary NTM disease and the challenges of treatment due to prolonged courses of toxic anti-mycobacterial chemotherapeutic agents, a greater understanding of the factors associated with treatment initiation and poor outcomes is required. In this multi-centre, real-world study we have identified several factors which influence clinicians’ decisions to initiate treatment in patients with pulmonary NTM disease. A key factor, namely the species, which should guide the decision for treatment could not be investigated in the study due to limited sample size. We call for further prospective, longitudinal studies within the UK to characterise the distribution of pulmonary NTM disease, describe the factors associated with physician decision making and assess the outcomes of these decisions for individual NTM species. 
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Table 1. The distribution of Non-Tuberculous Mycobacteria (NTM) species within different cohorts of individuals who grew NTM in sputum samples between April 2010 and January 2014
	Classification
	 
	All individuals
 
	Meeting guidelines for diagnosis
	Individuals not-treated
	Individuals treated 

	
	
	817
	108
	
66
	42

	 
	
	
	
	
	

	Mycobacterium abscessus
	n=(%)
	25 (3)
	6 (6)
	4 (6)
	2 (5)

	Mycobacterium avium complex
	n=(%)
	308 (38)
	55 (51)
	36 (55)
	19 (45)

	Mycobacterium celatum
	n=(%)
	2 (0.2)
	0 (0)
	0 (0)
	0 (0)

	Mycobacterium chelonae
	n=(%)
	65 (8)
	2 (2)
	2 (3)
	0 (0)

	Mycobacterium fortuitum
	n=(%)
	151 (18)
	9 (8)
	7 (11)
	2 (5)

	Mycobacterium gordonae 
	n=(%)
	123 (15)
	9 (8)
	7 (11)
	2 (5)

	Mycobacterium kansasii
	n=(%)
	48 (6)
	17 (16)
	6 (9)
	11 (26)

	Mycobacterium malmoense
	n=(%)
	5 (0.6)
	1 (1)
	0 (0)
	1 (2)

	Mycobacterium marinum
	n=(%)
	1 (0.1)
	0 (0)
	0 (0)
	0 (0)

	Mycobacterium mucogenicum  
	n=(%)
	20 (2)
	0 (0)
	0 (0)
	0 (0)

	Mycobacterium neoaurum
	n=(%)
	1 (0.1)
	0 (0)
	0 (0)
	0 (0)

	Mycobacterium nonchromogenicum
	n=(%)
	1 (0.1)
	0 (0)
	0 (0)
	0 (0)

	Mycobacterium peregrinum
	n=(%)
	25 (3)
	0 (0)
	0 (0)
	0 (0)

	Mycobacterium phlei
	n=(%)
	1 (0.1)
	0 (0)
	0 (0)
	0 (0)

	Mycobacterium saskatchewanense
	n=(%)
	1 (0.1)
	0 (0)
	0 (0)
	0 (0)

	Mycobacterium scrofulaceum
	n=(%)
	3 (0.4)
	2 (2)
	1 (2)
	1 (2)

	Mycobacterium simiae
	n=(%)
	2 (0.2)
	1 (1)
	0 (0)
	1 (2)

	Mycobacterium terrae group
	n=(%)
	3 (0.4)
	0 (0)
	0 (0)
	0 (0)

	Mycobacterium xenopi
	n=(%)
	32 (4)
	6 (6)
	3 (5)
	3 (7)

	
	
	
	
	
	




Figure 1. Selection of cases of pulmonary Non-Tuberculous Mycobacterium disease based on ATS/IDSA guidelines

1190 Non-Tuberculous Mycobacterium (NTM) sputum samples identified
817 individual patients who grew NTM[image: ]w NTM
108 HIV-negative individuals meeting ATS/IDSA criteria for pulmonary NTM disease
709 individuals excluded 
· Not meeting ATS/IDSA guidelines 
· HIV-positive
· Treated for concomitant Mycobacterium tuberculosis
373 duplicate patients 
42 patients initiated on therapy for pulmonary NTM disease [image: ]w NTM
66 patients not initiated on therapy for pulmonary NTM disease [image: ]w NTM














Figure legend: NTM = Non-Tuberculous Mycobacteria, HIV = Human Immunodeficiency Virus, ATS/IDSA = American Thoracic Society with the Infectious Diseases Society of America



Table 2. Analysis of descriptive characteristics of patients meeting ATS/IDSA guidelines who had treatment initiated versus those who did not for pulmonary Non-Tuberculous Mycobacterial disease
	Characteristic
	Description
	Treated subjects (n=42)
	Non-treated subjects (n=66)

	Age
	median (IQR)
	66 (55 - 76)
	68 (56 - 79)

	Sex
	Male (%)
	24 (57)
	42 (64)

	Ethnicity 
	
	
	

	White
	n= (%)
	24 (57)
	34 (52)

	Black
	n= (%)
	4 (10)
	7 (11)

	Asian
	n= (%)
	11 (26)
	12 (18)

	South-east Asian
	n= (%)
	0 (0)
	1 (2)

	Other
	n= (%)
	2 (5)
	4 (6)

	Unknown
	n= (%)
	1 (2)
	8 (12)

	 
	
	
	

	Immunosuppression
	
	
	

	Cancer +/- Chemotherapy
	n= (%)
	6 (14)
	9 (14)

	Immunosuppressive therapy
	n= (%)
	5 (12)
	9 (14)

	Congenital immunosuppression
	n= (%)
	4 (10)
	3 (5)

	
	
	
	

	Chronic lung disease
	
	
	

	COPD
	n= (%)
	22 (52)
	16 (24)

	Bronchiectasis
	n= (%)
	13 (31)
	19 (29)

	Previous tuberculosis
	n= (%)
	4 (10)
	7 (11)

	Other CLD
	n= (%)
	0 (0)
	6 (9)

	
	
	
	

	Smoking history
	n= (%)
	24 (57)
	30 (46)

	
	
	
	

	Diabetes mellitus 
	n= (%)
	2 (5)
	6 (9)

	 
	
	
	

	White cell count at presentation
	x109/L median  (IQR)
	9.10 (6.60 - 10.60)
	7.20 (5.70 - 9.60)

	C-reactive protein at presentation
	mg/L median (IQR)
	18.00 (5.50 - 62.50)
	6.70 (2.13 - 48.50)

	 
	
	
	

	Symptoms at presentation
	
	
	

	Cough
	n= (%)
	37 (88)
	50 (77)

	Weight loss
	n= (%)
	18 (43)
	16 (24)

	Night Sweats
	n= (%)
	10 (24)
	4 (6)

	Fever
	n= (%)
	6 (14)
	9 (14)

	Haemoptysis
	n= (%)
	4 (10)
	12 (18)

	Dyspnoea
	n= (%)
	14 (33)
	22 (33)

	Other
	n= (%)
	4 (10)
	9 (14)

	 
	
	
	

	Positive radiology*
	
	
	

	Chest radiograph
	n= (%)
	21 (50) 
	24 (36)

	HRCT - Cavitation
	n= (%)
	20 (48)
	9 (14)**

	HRCT - Bronchiectasis +/- nodules
	n= (%)
	6 (14)
	29 (44)

	HRCT - Nodules +/- tree-in-bud
	n= (%)
	12 (29)
	20 (30)

	HRCT - Other positive findings
	n= (%)
	0 (0)
	4 (6)

	 
	
	
	

	Sputum smear positive
	n=(%)
	12 (29)
	4 (6)

	 
	 
	 
	 


Figure legend: IQR = Inter-Quartile Range, HRCT = High Resolution Computer Tomography
* 6 patients had missing HRCT imaging on the system meaning reported findings could not be verified. Where more than one factor were reported on HRCT imaging, the most suggestive factor which influenced the suggestion of potential pulmonary NTM disease was selected for each individual patient.
** 4 subjects with cavities died, 1 lost to follow up, 1 remained stable and had care transferred to other hospital Trust, 1 is managed by other team within hospital Trust, 2 individuals are currently under follow up.


Table 3. Multivariate logistic regression analysis investigating the factors associated with the initiation of treatment in individuals meeting ATS/IDSA guidelines for diagnosis of pulmonary Non-Tuberculous Mycobacterium disease
	 
	 
	Univariate 
	 
	 
	Multivariate 
	 

	Characteristic
	Description
	p-value
	Odds ratio (95% CI)
	 
	p-value
	Odds ratio (95% CI)

	Age
	Age > 65
	0.72
	1.16 (0.52-2.60)
	
	
	

	Sex
	
	0.43
	0.72 (0.32-1.62)
	
	
	

	Ethnicity 
	Overall
	0.59
	
	
	
	

	White
	
	0.11
	5.75 (0.67-49.21)
	
	
	

	Black
	
	0.28
	4.00 (0.33-48.66)
	
	
	

	Asian
	
	0.07
	8.00 (0.85-75.19)
	
	
	

	South-east Asian
	
	Ref
	Ref
	
	
	

	Other
	
	0.31
	4.00 (0.27-58.56)
	
	
	

	 
	
	
	
	
	
	

	Immunosuppression
	
	
	
	
	
	

	Cancer +/- Chemotherapy
	
	0.58
	1.39 (0.43-4.47)
	
	
	

	Immunosuppressive therapy
	
	0.51
	0.65 (0.19-2.29)
	
	
	

	Congenital immunosuppression
	
	0.32
	2.19 (0.46-10.33)
	
	
	

	
	
	
	
	
	
	

	Chronic lung disease
	
	
	
	
	
	

	COPD
	
	<0.01
	3.46 (1.48-8.11)
	
	
	

	Bronchiectasis
	
	0.95
	0.97 (0.41-2.30)
	
	
	

	Previous tuberculosis
	
	0.84
	0.87 (0.24-3.20)
	
	
	

	
	
	
	
	
	
	

	Smoking history
	
	0.27
	1.40 (0.77-2.56)
	
	
	

	
	
	
	
	
	
	

	Diabetes mellitus 
	
	0.55
	0.60 (0.11-3.25)
	
	
	

	 
	
	
	
	
	
	

	White cell count at presentation
	> 8 = 1
	0.11
	1.95 (0.87-4.40)
	
	
	

	C-reactive protein at presentation
	> 10 = 1
	0.02
	2.70 (1.18-6.19)
	
	
	

	 
	
	
	
	
	
	

	Symptoms at presentation
	
	
	
	
	
	

	Cough
	
	0.21
	2.04 (0.67-6.20)
	
	
	

	Weight loss
	
	0.03
	2.56 (1.09-6.01)
	
	0.03
	3.02 (1.15-7.93)

	Night Sweats
	
	0.01
	4.83 (1.40-16.71)
	
	0.04
	4.18 (1.08-16.13)

	Fever
	
	0.95
	0.94 (0.29-3.19)
	
	
	

	Haemoptysis
	
	0.29
	0.52 (0.15-1.75)
	
	
	

	Dyspnoea
	
	0.84
	1.09 (0.46-2.56)
	
	
	

	Other
	
	0.66
	0.75 (0.21-2.68)
	
	
	

	 
	
	
	
	
	
	

	Abnormal chest radiograph
	
	0.17
	0.57 (0.26-1.28)
	
	
	

	High resolution CT scan finding
	
	
	
	
	
	

	Cavitation
	
	<0.01
	5.89 (2.30-15.07)
	
	<0.01
	6.49 (2.36-17.81)

	Bronchiectasis +/- nodules
	
	<0.01
	0.20 (0.07-0.55)
	
	
	

	Nodules +/- tree-in-bud
	
	0.81
	0.90 (0.38-2.13)
	
	
	

	Other positive findings
	
	0.99
	-
	
	
	

	
	
	
	
	
	
	

	Smear status
	Positive = 1
	0.06
	1.96 (0.98-3.92)
	
	
	

	 
	
	
	
	
	
	

	Mycobacteria cultured 
	
	
	
	
	
	

	Mycobacterium avium complex
	
	0.33
	0.67 (0.30-1.50)
	
	
	

	Mycobacterium kansasii
	
	0.04
	3.11 (1.03-9.39)
	
	
	

	Mycobacterium xenopi
	
	0.58
	1.60 (0.31-8.32)
	
	
	

	Rapid growing Mycobacterium*
	
	0.21
	0.46 (0.14-1.55)
	
	
	

	Other slow growing Mycobacterium**
	
	0.85
	1.12 (0.33-3.82)
	
	
	

	 
	
	
	
	
	
	

	Figure legend: 95% CI = 95% Confidence Interval
* Rapid growing Mycobacterium = M.fortuitum, M.Chelonae, M.abscessus
** Other slow growing Mycobacterium = M.gordonae, M.scrofulaceum, M.malmoense, M.simiae 



	
	
	
	
	
	




[bookmark: _GoBack]
	ID
	NTBM
	Regime
	Treatment Length (months)
	Completed Treatment
	Side effects / adherence
	Stopped due to S/E

	1
	Mycobacterium abscessus
	CloC
	18
	No
	No
	No

	2
	Mycobacterium abscessus
	TigC
	18
	Yes
	No
	No

	3
	Mycobacterium avium
	RCE
	27
	Yes
	No
	No

	4
	Mycobacterium avium
	RCE
	14
	Yes
	Retrobulbar neuritis
	E switched to M

	5
	Mycobacterium avium
	RCE
	24
	Yes
	Yes
	R switched to M

	6
	Mycobacterium avium
	RCE
	<1
	Died during
	No
	No

	7
	Mycobacterium avium
	RCE
	12
	Yes
	Yes
	R switched to Rbt

	8
	Mycobacterium avium
	RCE
	35
	No
	Neuopathy
	No

	9
	Mycobacterium avium 
	RE
	230
	No
	No
	No

	10
	Mycobacterium fortuitum
	RbtCM
	32
	Yes
	No
	No

	11
	Mycobacterium fortuitum
	RbtCM
	39
	No
	Pancytopaenia
	Switched to MD

	12
	Mycobacterium gordonae
	REM
	5
	No
	Yes
	Yes

	13
	Mycobacterium gordonae
	RCE
	2
	No
	Transaminitis
	Yes

	14
	Mycobacterium intracellulare
	RHE
	17
	No
	Retrobulbar neuritis
	E switched to M

	15
	Mycobacterium intracellulare
	RCE
	12
	No
	Patient chose to stop
	Yes

	16
	Mycobacterium intracellulare
	RbtCM
	13
	Yes
	Reaction to M
	M Stopped

	17
	Mycobacterium intracellulare
	RCE
	13
	No
	Nausea & vomitting
	Yes

	18
	Mycobacterium intracellulare
	RCE
	27
	Yes
	No
	No

	19
	Mycobacterium intracellulare
	RCE
	1
	Died during
	No
	No

	20
	Mycobacterium intracellulare
	RbtAE
	
	No
	No
	No

	21
	Mycobacterium intracellulare
	RCE
	9
	Yes
	No
	No

	22
	Mycobacterium intracellulare
	RCE
	24
	No
	No
	No

	23
	Mycobacterium intracellulare
	RCE
	24
	Yes
	No
	No

	24
	Mycobacterium intracellulare
	RCE
	17
	Died during
	No
	No

	25
	Mycobacterium intracellulare
	RCE
	14
	No
	Clinically no improvement
	Yes

	26
	Mycobacterium kansasii
	RHE
	10
	No
	Poor compliance
	Yes

	27
	Mycobacterium kansasii
	RE
	22
	Yes
	No
	No

	28
	Mycobacterium kansasii
	RHE
	18
	Yes
	No
	No

	29Table 4. Description of HIV-negative individuals meeting ATS/IDSA guidelines who were treated for pulmonary NTM disease

	Mycobacterium kansasii
	RE
	13
	No
	No
	No

	30
	Mycobacterium kansasii
	Unk
	12
	Yes
	No
	No

	31
	Mycobacterium kansasii
	RCE
	0
	No
	Patient choice due to s/e's
	Yes

	32
	Mycobacterium kansasii
	RE
	146
	Yes
	Poor compliance
	Yes

	33
	Mycobacterium kansasii
	RE
	17
	Yes
	No
	No

	34
	Mycobacterium kansasii
	RCE
	19
	Yes
	Hallucinations & visual disturbance
	6 weeks interruption

	35
	Mycobacterium kansasii
	RHE
	0
	No
	Yes
	Yes

	36
	Mycobacterium kansasii
	RHE
	13
	Yes
	No
	No

	37
	Mycobacterium malmoense
	RCE
	18
	No
	No
	No

	38
	Mycobacterium scrofulaceum
	RCE
	7
	No
	No
	No

	39
	Mycobacterium simiae
	AmkCM
	5
	No
	Concern over QT elongation
	Yes

	40
	Mycobacterium xenopi
	RCE
	12
	Yes
	No
	No

	41
	Mycobacterium xenopi
	Unk
	2
	Died during
	Did not tolerate 
	Yes

	42
	Mycobacterium xenopi
	RCE
	3
	Died during
	No
	No


Figure legend: 
R = rifampicin; Rbt = rifabutin; C = clarithromycin; A = Azithromycin; E = ethambutol; H = isoniazid; Clo = clofazimine; Tig = tigicycline; M = moxifloxacin;  Amk = amikacin; Unk = Unknown


	
	
	Treated (n=42)
	Not Treated (n=66)
	p-value

	Radiological outcomes reported
	
	
	
	

	Progression
	n= (%)
	17 (41)
	8 (12)
	<0.01

	Improvement
	n= (%)
	6 (14)
	7 (11)
	0.79

	Stable
	n= (%)
	10 (24)
	25 (38)
	0.19

	Missing/No follow up scan
	n= (%)
	9 (21)
	26 (40)
	0.08

	
	
	
	
	

	Clinical outcomes reported
	
	
	
	

	Improved / Stable
	n= (%)
	28 (67)
	37 (56)
	0.37

	Progressive disease
	n= (%)
	14 (33)
	14 (21)
	0.24

	Lost to follow up
	n= (%)
	0 (0)
	15 (23)
	<0.01

	
	
	
	
	

	Dead
	n= (%)
	13 (31)**
	14 (21)
	0.36


Table 5. Table describing outcomes of treatment / non-treatment choice for individuals meeting ATS/IDSA guidelines for diagnosis of pulmonary Non-Tuberculous Mycobacterium disease
Legend:
* 2 patients full treatment data not available, 2 patients received therapy not in keeping with recommendations in guidelines (1x M.abscessus & 1x MAC)
** 5 patients died during treatment
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822 individual patients who grew NTM 


