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Who is your suspect and 
who to treat?

Epidemiology and Clinical Management



Disclosures

• NTM Research funding
– US Federal Drug Administration (FDA)
– Insmed
– NTMir
– Patient Centered Outcomes Research 

Institute (PCORI)



NTM Disease Manifestations

Henkle E, et al.  (abstract) ATS 2014

77% of NTM disease is pulmonary

84% of NTM disease is MAC



Annual age- and sex- specific incidence of 
pulmonary NTM disease in Oregon, 2007-2012
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Two Disease Types
• Older male, smoker, COPD 

– Apical cavitary or fibronodular disease
– More rapidly progressive

• Older female (“Lady-Windermere”)
– Scoliosis, thin, pectus deformities*, hypomastia, mitral 

valve prolapse
– Nodular and interstitial nodular infiltrate
– Bronchiectasis right middle lobe / lingula
– Bronchiolitis (“tree and bud”) on HRCT
– Slowly progressive

*Iseman MD et al. Am Rev Respir Dis. 1991









Risk Factors for Pulmonary 
NTM 

• Underlying lung architectural abnormalities
– Bronchiectasis, cystic fibrosis
– Alpha-one antitrypsin, emphysema 
– Prior TB or other infection
– GERD with micro-aspiration

• Exposure/transmission information lacking
– Gardening?
– Hot tubs?



RA is risk factor for NTM

NTM risk among RA 4.1 X higher (Taiwan)

Yeh JJ et al. Plos One 2014



Winthrop KL et al. Ann Rheum Dis 2013; Winthrop KL Nat Rheum Rev 2013



Steroids and Pulmonary NTM
• Case-control study in Oregon and Washington

– OR = 8.0 for prednisone use
• Denmark COPD cohort

– Inhaled corticosteroids (ICS)   RR 1.24 
• Japanese case-control study

– ICS duration and dose associated with NTM 
among asthmatic 

• In all three studies 
– Higher risk of NTM with oral prednisone 

doses >15 mg and >800 mg fluticasone 
equivalent.

Dirac MA et al. AJRCCM 2012; Hojo M et al. Respir 2012; Andrejak C et al Thorax 2013



MAC Therapeutic Options

• Diagnosis ≠ decision to treat
– Observation vs. suppression vs. cure

• Treatment best defined for MAC
– Macrolide, rifampin, ethambutol
– Amikacin (parenteral or inhaled PRN)  
– 18-24 months (12 month culture negative)
– No macrolide monotherapy
– TIW okay if non-cavitary or not re-infection

Griffith DG, et al.  AJRCCM 2007



The Griffith Frustration Index 
(GFI)

• NTM respiratory 
pathogen

− M. kansasii
– M. szulgai
– M. xenopi
– MAC
– M. malmoense
– M. abscessus
– M. simiae

Frustration Index 
(GFI), 
1 (no problem)-10 (big 
problem)

– 1
– 3
– 5-6
– 5-6
– 5-6
– 8-9
– 10+



M. abscessus Parenteral 
Drugs

• “Cure” = rare (often treat off and on forever)
• Limited antibiotic options based upon 

susceptibility testing
• Parenteral agents 

– Tigecycline 50mg daily
– Cefoxitin 2gm TID, 
– Imipenam 500-1000mg BID
– Amikacin 10mg/kg TIW 



Therapeutic Unmet Need

• Efficacy
– “cure” is unusual

• Tolerability
– High degree of non-serious adverse events
– Often “lose” at least 1 drug during initial 

therapy
– Serious adverse events (e.g. optic neuritis)



Drug-Drug Interactions

• Rifampin
– Beta-blockers, Levothyroxine, CA2+ blockers, 

warfarin, anti-platelet therapies
– Tacrolimus,  steroids, cyclosporin
– Azoles, Protease inhibitors, FQs

• Azithromycin 
– Digoxin, warfarin

• Clarithromycin has many of the above 
• QT issue

– Clari/azi, FQs, Bedaquiline, Clofaz, others



Amikacin Resistance (MAI)

Brown-Elliott B, et al J Clin Microbiology  2013

16S RNA gene 
A1408G 
mutation





Clofazimine

Jarand J et al. Chest 2015



Inhaled Liposomal Amikacin

Olivier K et al.  ATS 2014



Pulmonary Hygiene
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Need Paradigm
• First-line therapeutic for MDR regimen

– “Refractory” patients
– “Treatment-naïve” patients

• Can we shorten treatment? Fewer drugs?
– tolerability

• New treatment strategies
– Suppressive
– Post-treatment suppressive/preventive



Patient-centered research 
priorities

Topic Priority Potential specific questions and next steps

Quality of Life 6. Reduce the impact on patients  of anxiety and 
depression

Evaluate anxiety and depression after diagnosis or 
during treatment in NTM patients
Association between anxiety/depression and poorer 
treatment adherence

7. Develop an NTM-specific Health-Related Quality 
of Life tool.  

Validate NTM Symptom Module* tool

8. Promote quality-of life measures for assessing the 
effectiveness of treatment

Validate correlation between NTM module and 
clinical outcomes

Treatment 9. Reduce the burden of antibiotic treatment for 
NTM disease 

Develop and evaluate alternative delivery systems 
for IV antibiotics
Repurpose existing therapies 
Develop new, more effective drugs with a shorter 
therapy duration

10. Develop and test the efficacy of non-
pharmacological therapies and holistic medicine 
approaches

Comparative effectiveness of exercise and lung 
clearance devices, taking into account ease of use 
and affordability

11. Improve understanding of who needs or 
benefits from antibiotic therapy.  

Role of therapy in mild cases to prevent disease 
progression
Predictors of treatment response

Clinical 
outcomes

12. Develop a composite measure of disease activity 
or severity.

Develop a composite index of disease activity or 
severity that include microbiological, chest imaging, 
and quality of life measures.

13. Identify and validate biomarkers associated with 
disease risk, prognosis, and  treatment response

Identify biomarkers associated with disease risk, 
prognosis, or treatment response

Ann Am Thor Soc 2016



Immunosuppressive use common in 
Pulmonary NTM

Winthrop et al. AJRCCM 2010



Discontinuation Due to Linezolid-attributed 
Adverse Events

Winthrop KL et al.  ERJ  2014



M. abscessus Therapy

• “Cure” = rare (often treat off and on forever)
• More rapidly progressive or relentless than MAC
• 3-4 drugs for 18-24 months

– 4-6 months “induction” phase
– “suppressive strategy” thereafter

• Rotational parenteral based regimen



Clofazimine
• Must get from FDA

– Investigational New Drug application
• Leprosy and MDR-TB
• NTM?

– Experience in HIV patients with MAC
– Immunosuppressive versus antimicrobial 

effects
– Possible synergism with amikacin
– GI intolerance and reversible tan

• FDA R01 for placebo-controlled RCT with non-
cavitary MAI



Linezolid

• Drug developed for Staph (MRSA) and other gram 
positives
– Has anti-mycobacterial activity 
– NTM efficacy unknown

• 600mg once daily
• 100mg B6

– Cytopenias
– Peripheral neuropathy
– Optic neuritis



Discontinuation Due to Linezolid-attributed 
Adverse Events

Winthrop KL et al.  ERJ In Press



Wallace R, et al Chest 2014



Wallace R, et al Chest 2014



Other Adverse Events 

• Ethambutol
– Optic neuritis, hair loss

• Rifampin
– Hepatotoxicity, red urine/tears, thrombocytopenia, drug 

interactions, interstitial nephritis, cytopenias
– Rifabutin

– Uveitis, flu-like syndrome, arthralgia, cytopenias
– Macrolides

– Foul taste, tinnitus, hearing decline, sudden cardiac death
– Cefoxitin

– Neutropenia, renal failure, rash
– Quinolones

– QT prolongation, tendinopathy, CNS (insomnia, delerium)



Inhaled Liposomal Amikacin

Olivier K et al.  ATS 2014



Olivier K et al.  ATS 2014



Winthrop K et al, ATS 2015 abstract



NTM Disease Manifestations

Henkle E, et al.  (abstract) ATS 2014

77% of NTM disease is pulmonary



Immunosuppression and 
NTM

• More frequently disseminated 
– Local inoculation versus GI route

Risk factors and conditions
• ESRD, prednisone, biologic immunosuppressives
• HIV
• Cancer, transplant, leukemia (hairy cell)
• Auto-antibody and cytokine/receptor deficiency states

– INF-gamma, IL12-23 pathway, STAT-1

• Disease split between RGM and slow growers
– RGM more common here than in pulmonary disease



Tofacitinib and “Opportunistic” 
Infections (P2P3LTE)

• 60 OIs reported (IR 0.46/100 pys [0.36-0.59])
– TB (n=26)
– PCP (n=4)
– CMV (n=6)
– Candida Esophagitis (n=9)
– Cryptococcus (n=3)
– Pulmonary NTM (n=2)
– HZ, multi-dermatomal (n=8)
– BK encephalopathy (n=1)
– Toxoplasmosis (n=1)

Winthrop K et al. ARD 2015



Disseminated MAC in HIV

Varley C et al.  IDSA abstract 2015



Tigecycline

• Efficacy unknown
– Disease stabilization

• Use limited by severe nausea and vomiting
– CF kids versus elderly

• 50mg once daily
– Pre-treat zofran or other anti-emetic



Clofazimine
• Must get from FDA

– Investigational New Drug application
• Leprosy and MDR-TB
• NTM?

– Experience in HIV patients with MAC
– Immunosuppressive versus antimicrobial 

effects
– Possible synergism with amikacin
– GI intolerance and reversible tan



Linezolid

• Drug developed for Staph (MRSA) and other gram 
positives
– Has anti-mycobacterial activity 
– NTM efficacy unknown

• 600mg once daily
• 100mg B6

– Cytopenias
– Peripheral neuropathy
– Optic neuritis



Discontinuation Due to Linezolid-attributed 
Adverse Events

Winthrop KL et al.  ERJ  2014



IRIS
• Similar phenomenon as seen with TB (or other 

opportunistic infection)
• Incidence is variable

– 5% of TNF-associated NTM cases
• Diagnosis of exclusion
• Can be clinically devastating
• Management with high dose prednisone

– Anti-TNF therapy if needed

Winthrop K et al.  CID 2008; Wallis R et al CID 2009  



Drug-Drug Interactions

• Rifampin
– Beta-blockers, Levothyroxine, CA2+ blockers, 

warfarin
– Tacrolimus,  steroids, cyclosporin
– Azoles, Protease inhibitors, FQs

• Azithromycin 
– Digoxin, warfarin

• Clarithromycin has many of the above 
• QT issue

– Clari/azi, FQs, Bedaquiline, Clofaz, others



Patient-centered research 
priorities

• PCORI Eugene Washington Meeting Award
• 1-day meeting in November 2015
• 24 patients, caregivers, patient advocates, clinical 

experts, researchers
• Pre-meeting surveys: patient/advocate and 

clinical/research



Step 1: Formulate your 
question

• Begin by formulating your question using the PICO 
format:
– P: Population
– I: Intervention
– C: Comparator
– O: Outcomes



Assess the quality 
of evidence

• The “quality of evidence” is the confidence that 
you have in the results of the studies

Quality of 
evidence

Suggested implications

High further research is unlikely to change the confidence in an 
estimated effect

Moderate further research is likely to have an important impact on the 
confidence in an estimated effect

Low further research is very likely to have an important impact on the 
confidence in an estimated effect and is likely to change that 
estimate

Very low any estimate of an effect is very uncertain



New ATS/IDSA NTM 
guidelines

• Systematic reviews are finished
• Data reviewed
• Currently in drafting

• What I’ve learned
– WE NEED MORE FUNDED RESEARCH



Patient-centered research 
priorities

Topic Priority Potential specific questions and next steps
Prevention 1.Strengthen the role of patients in preventing NTM 

infection or reinfection
Evaluate whether aspiration increase the risk of NTM 
infection or reinfection

2. Limit the risk of patient-to-patient transmission of 
NTM infection in cystic fibrosis clinics.

Estimate the risk of person-to-person or indirect 
transmission in CF clinics
Comparative effectiveness of standard and expanded 
infection control precautions 

Diagnosis 3. Improve the timeliness of diagnosis and develop 
molecular techniques for rapid species identification 
and susceptibility

Validate molecular diagnosis techniques being 
developed by National Jewish Healthcare

4. Develop a screening algorithm for patients at risk 
for pulmonary NTM disease

Predictors of positive culture
Predictors of meeting ATS disease criteria at 
diagnosis

5. Develop better methods for sputum collection 
and testing

Identify techniques that improve sputum collection
Develop new collection devices
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