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The clinical significance of

subspecies identification in
managing NTM-lung disease
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1 5)@history of NTM

(nontuberculous mycobacterium)

TB in chickens Lab: NTM in human US: 1-2% NTM in
(M. avium) notMtb  (MAC-lung dz) TB sanatoriums
1868 1890 1930s (1943) 1950s

HIV, ART(-): 20-40% immuncopentent  CF case: M. abscessus

disseminated MAC dz pt: NTM-lung dz 21  P-to-Person transmission
1990 report 2000-2010 2016

https://www.nationaljewish.org/conditions/ntm-nontuberculous-
mycobacteria/ntm-nontuberculous-mycobacteria-overview/history



Mycobacteria: MTB, NTM

-M. tuberculosis complex
-M. leprae

Slowly growing (SGM)

-M. avium complex (MAC)
-M. gordonae SEDTIFE
-M. kansasii , |
Intermediate growth rate  coiony (+) < 714 days

on agar plate

Domain(i5/445.): Bacteria
Phylum([tj): Actinobacteria
Order(H): Actinomycetales
Family(f}): Mycobacteriaceae
Genus(&): Mycobacterium

Rapidly growing(RGM)

-M. abscessus group (MAB)
-M. chelonae [REZRFE
-M. fortuitum

Ungrouped



Nontuberculous mycobacteria (NTM)

e naturally-occurring organismes,
— In water & soil, 200 species (differ in pathogenicity)

e NTM are inhaled and cleared from the lungs
— In most people, do not become ill
— In susceptible individuals

v’ Lung, lymph node, SSTI, CNS
v'Catheter-related, disseminated infections




NTM-lung disease (LD)

e NTM can cause progressive inflammatory LD

v’ structural lung disease, immuno-compromised > NTM-LD
v' Cough, SOB, hemoptysis, Constitutional symptoms (fatigue/BW loss/ fever/sweats)

v' M. abscessus or M. malmoense: frequently indicate NTM-LD,

M. avium complex (MAC) M. abscessus group (Mab)
M. avium, M. a. abscessus,

M. Intracellulare M. a. massiliense,

M. chimaera subspecies M. a. bolettii subspecies

* Also can transiently, intermittently or permanently
reside within the lungs without causing NTM-PD

v’ asymptomatic infection—> colonization

v' M. gordonae: contamination or transient colonization



Host susceptibility

* Pre-existing lung disease
* COPD, cystic fibrosis (CF),

non-CF broenchiectasis, ..

~

Scamred
and thickened

v" Inflammation/impairing
mucociliary clearance—>

predispose to NTM infection
Chmiel JF, Davis PB - Respir. Res. (2003)

* |Immunodeficiency

 low BMI, RA, HIV-AIDS,
anti-IFNy antibodies

INF-Y receptor dimerization
& activation of Janus kinase 1 &2

INF-Y secreted in

STAT1 translocation response to lL-12

to nucleus

Enhanced ‘ \
intracellular killing

P

_/&

I

T-cell/
natural killer cell

IL-12 secretion induced by
intracellular mycobacterium

Infected macrophage

* |ICS; anti-TNF a therapy,
transplantation, cancer

v" Immune survey if disseminated
NTM infection, Recurrent,
persistent, severe NTM-PD,



NTM-PD radiographic characteristics

Fibro-cavitary (FC)

v' commonly mistaken for PTB
v' often in current/ex-smokers
v often smear-positive samples
Nodular bronchiectatic (NB) S e e

underlying emp

v often in women without
previously lung disease

v paucibacillary samples wigosicuncertainy

Nodular bronchiectasis in patient
without pre-existing lung disease

Alveolar infiltrate with underlying

. . Solitary pulmonary nodule
bronchiectasis yp y

Guides for Physicians



NTM epidemiology

 Arisein prevalence over the last four decades.

- Prevalence of NTM-PD in
% [ad USA, 50,000-90,000 people
" e S Older adults: Afrequency
CaseZ'/Yc?g,ooo %0 . " = . e :Feameale
0 B e ~ in USA, NB> FC disease,

NTM-PD females> males
But, in Europe, reversed

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

v' improved laboratory methods did not explain this

UK data: the incidence of NTM-positive cultures A
v" 4.0/100,000 in 2007 to 6.1/100,000 in 2012 (respiratory samples)

Adjemian AJRCCM 2012



NTM disease in Taiwan

 Pulmonary NTM vs extra-pulmonary= 9:1
* Immunocompromised, Immunocompetent
* Airway colonizationv’, NTM-PD incidence A

12
— Al NTM diseases (p<0.001)

— Eirapulmonary NTM diseases (p<0.001)
Pulmonary NTM diseases (p = 0.0149)

10 4

”NTM-PD

Incidence/100,000 patients
o

o Extra-Pul
. s /23
140 1.27 118 """ 116 1.14 1.17 145

0 066
2000 2001 2002 2003 2004 2005 2006 2007 2008

Emerg Infect Dis. 2010;16:294-6



A 1001

% Isolates

Incidence/100,000 patients

Sputum isolates 10
MTB %
x
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&
NTM %
2000 2001 2002 2003 2004 2005 2006 2007 2008
{12.740) (14,056) (30,339) (34,211) {53,.181) (31,581) (27,900) (33,383) {45.9863)
50 -
COMAC isolation . . 4464
S RGM isclation Overall incidence
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NTM isolates a1
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30 -
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Taiwan, Emerg Infect Dis. 2010;16:294-6



Incidence/100,000 patients

A&D-

70 4

% Patients

30

25

20

15

10

60 4
50 4
40 -
30 A
20 4

10 +

Disease incidence

) e NTM infection
NTM Dz =0 «NTM colonization/contamination
==@==Tuberculosis

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

67.8

m Mycobacterium tuberculosis infection
0 NTM infection
0 NTM colonization/contamination

53.3*
18.9° 40.9* 40.7*
33.6" .t
27.7 57 §* 29.6* 29.6" NTM
24.0°
19.0 . .
infection
25-44 45-64 65-84 >85
Age, y

1aiwan, emerg intect Dis 2014;20:1382-5.



NTM-LD in Taiwan

- a Retrospective, Five-Year Multicenter Study (Scientific Reports 2017)
Hung-Ling Huang, Meng-Hsuan Cheng, Po-Liang Lu, Chin-Chung Shu, Jann-Yuan Wang, et al.

No. of new episodes/100,000
hospital-based patient-years
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Scientific Reports 7, Article number: 16300 (2017) doi:10.1038/s41598-017-16559-z

Northern Taiwan,
MAC 42.3%
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Southern Taiwan,
MAB 27.7% and
MAC 27.3%



A real underlying increase in NTM-PD

. A clinician awareness, detection methods, changing environmental, host factors

v" In cystic fibrosis (CF) studies

e OQOvertime 2 in NTM-positive cultures with no change in
surveillance intensity or culture methodology

v" In NTM skin test studies

e Qvertime A in rates of skin test reactivity to NTM antigens
in US population-based studies—=> Aexposure to NTM



: BTS guideline on :
I the management |

! |
| of opportunistic I
: mycobacterial 1
I |nfect|ons :
|

American Thi

An Official ATS
Treatment, anc
Mycobacterial |

British Thoracic Society Guideline
for the management of non-
tuberculous mycobacterial pulmonary

disease (NTM-PD)

Charles S Haworth," John Banks,? Toby Capstick,® Andrew J Fisher,*

WK L(FE 1K 2HMENE)

1)IREEA - FEEEMIE X 3¢A nodular 3 cavitary opacities - HESE
fERE A multifocal bronchiectasis with multiple small nodules &1L -

2)EE M PEBR ¥ Efth ol BEE2 B -

MEM(L = 3 B E—HIT)
DEV_EEFELNIM  BEEEUEERE -

QB VD—RIZREPHRIBEL NTM -

N RFEREMPBIURER I NBEERENABEREELL (A
granulomatous inflammation 3 acid-fast ba<:|II|)YJDJ: @t REEH
NTM 8y (b)Z2 D —ERESZREPHREBEL NTM -

David E. Griffith, Timothy Aksamit, Barbara A. Brown-Elliott, Antonino Catanzaro, Charles Daley, Fred Gordin, |

Griffith AJRCCM 2007



Algorithm for

mvestlgatlon o FR S BN TVPD
Of NTM-PD | 1969 - 2019
WN=—ERExR KBS
FrAEEEENTM —EEERYENTM “El FREHERBINTM A B
I I
MEEAEIE(HRCT) | | MBEEB(HRCT) | | PIEEALERE (HRCT)
NTM-PD
MEEtE & B = & & =
A ENTM-PD kCTES|ITRERZ HAIAENTM-PDIE FZBINTM-PD
ZBE M2 aspirate/lavage =B HERE R M HRCT EZEREEAE
UU —E
RIERNTM | | BEANTM *HRCT_ENTM-PDAR R RO 2L E045

=B R M HRCT

BHEIA~ENTM-PDIE

2 BINTM-PD
EREEEAE

No sputum—->sputum induction or BAL

centrilobular nodules, tree in bud
opacity, bronchiectasis (RML/lingula),
consolidation & cavitation

BTS Guidelines 2017




NTM-PD? clinical symptoms due to NTM infection?

NTM-pulmonary colonization

NTM-pulmonary disease

A
N manage co- ‘\ —>clinical
- exitinglung %, decline to
°D conditions N _NTM-PD

NTM-PD, severe (Cavity)?, Immune? Goal? \\

with Disease progression? (ICD-go)\|

NTM-PD, start treatment (species, subspecies, DST)
observation, spontaneous conversion?



Microbiological sampling to detect NTM-PD, typing

e Evidence

v NTM serology = not validated for NTM-PD.

v' Sputum, bronchial washings or lavage (BAL) samples and
transbronchial biopsies can be used to evaluate NTM-PD

e

* Recommendation:

v All respiratory NTM isolates—> idntifiéato at least sbecies
level using validated molecular or MALDI-TOF MS (Grade A)

v lIsolates of M. abscessus > sub-speciated using appropriate
molecular techniques. (Grade C)

October 2017 BTS Guidelines 2017



identification of Disease progressive NTM-PD

Fulfilling the ATS/IDSA NTM-PD criteria does not necessarily imply
that treatment should be started (can remain stable without Rx)

Progressive Disease attributable to NTM Immune status, Severity (Cavity,
provides a stronger case for treatment symptoms), Goal of treatment
Microbiological CT features Patient related Treatment
features 7 size/number nodules, factors requirements
/1 smear positivity, new or wor§ening Iung cayitation, severe symptoms, TNFa inhibitors,
>2 positive cultures new fO_C' of C°n5°|'_dat'0” / low BMI, lung future lung
of the same NTM, tree—ln‘-bud opacity and cavitation and transplantation
particular NTM worsening extent and /or comorbidity
species severity of bronchiectasis. (Evidence level 3)

- Careful longitudinal assessment = treatment requirements.

—21CD-goal

BTS Guidelines 2017



Poor adherence to ATS/IDSA guideline

Survey of NTM Diagnosis and Treatment in the EU

446 physicians, 1012 patients with NTM-PD
— France 206, Germany 211, Italy 210, Spain 230, UK 155
— Pulmonologists 29%, Internal Medicine 21%, GP 30%

*MAC 79%, M. abscessus 20%
*68% received antibiotic treatment

Proportion of patients with MAC-PD that received
> 6 months of Macrolide/Ethambutol/Rifampicin ?
EU 9% (UK 18%, Spain 8%, France 8%, Germany 4%)

October 2017 van Ingen Eur Res J 2016



NTM-PD course and outcomes

* Progressive Disease in 1-3 years: 50-75%
e Abx initiation: 20-65%

e Side effect 2DC Abx:
e MAC 20-40% (Macrolide-ER)
e MAB 60% (Macrolide, IV Amikacine+Imipenen...)

e Cure rate 50-60% (Mab: 58% culture- >12M)

e Recurrence: MAC 1/4, Mab 1/3
e 5-year mortality: 28%

Diagn Microbiol Infect Dis. 2012 Feb;72(2):161-5
Clin Infect Dis. 2017 May 24. doi: 10.1093/cid/cix479



Disease progression and Treatment response?
MAC & MAB-Subspecies

NTM-colonization

NTM-pulmonary disease //

NTM-PD, severe (Cavity)?, Immune? Go
with Disease progression? (ICD-go)

NTM-PD, start treatment (species, subspecies, DST)
observation, spontaneous conversion?



MAC or MAB subspecies & NTM-PD disease course

M. avium complex
(MAC)

rpoB PCR & . ;ubsj?eugs
sequence identitication

M. M. Intracellulare Other rare |
avium or M. chimaera subspecies 3

ITS PCR &
sequence

M. Intracellulare M. chimaera

AJRCCM 2015;191(11):1310-7.



Number of Patients

70

60

50

40

B M. avium O M. intracellulare

O M. chimaera

AJRCCM 2015

18

16

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

17

21

13

MAC subspecies, USA

M. chimera, 126 (28%)
M. Intracellulare 81 (18%)

M. avium, 241 (54%)

5 rare causes of infection in humans
(M. colombiense x2, M. marseillense,
M. timonense, and M. yongonense)

AJRCCM 2015;191(11):1310-7.



Characteristics

Dengographic variables (n =448)
n

Female, n (%)

Age, yr, mean = SD

BMI, kg/m?, mean = SD

LabToratory evaluation (n = 448)
n
Smear positive, n (%)
No. of positive cultures,
mean = SD

M. avium M. intracellulare M. chimaera P

(n =241) (n =81)
241 81
140 (58) 66 (82)
62.7 159  65.1+12.7
23.2 + 4.8 22.3 + 3.8
241 81
59 (25) 26 (32)

MAC-isolate(+)

(n=126) Value*
126
<0.001

126
18 (14) 0.009

0.15

RadTiographic findings (n = 439) —>ATS criteria 57% (251/436)

n
Cavitary disease, n (%) 0.29

Bilateral lung disease, n (%) M. avium and M. intracellulare: 0.002
ATS/IDSA criteria for diagnosis o h hi
of pulmonary infection virulenceA than M. chimera
[(n=436) M. chimera: immunosuppressed
n ——— - i— .
Meets criteria, n (%) 142 (61) 56 (70) 53 (43) <0.001
Started on treatment (n =392)
n' 209 76 107
Yes, n (%) 95 (46) 36 (47) 37 (35) 0.12

AJRCCM 2015;191(11):1310-7.



Table 2. Univariate and Multivariate Analyses for Meeting American Thoracic Society/
Infectious Diseases Society of America Criteria for Mycobacterium avium Complex

Pulmonary Infection

Risk factor for MAC-PD vs colonization

Variables

Species compared with
M. chimaera
M. avium
M. intracellulare
Demographics
Age
Female
BMI
Ever-smoker
Laboratory values
Smear positive
Comorbidities
COPD
Malignancy
Transplant
HIV

Immunosuppressants’

Radiographic findings
Cavitary disease
Bilateral lung disease

Univariate Analysis

Multivariate Analysis

OR (95% CI)

1 (1.36-3.30)
13 (1.72-5.67)

(0.97-2.95)
(1.44-3.43)

P Value

0.001
<0.001

0.20
<0.001

0.009

0.04

<0.001

0.06
0.30
0.47
0.27
0.51

0.07
<0.001

AOR (95% CI)*

2.14 (1.33-3.44)
3.12 (1.62-5.99)

1.00 (0.99-1.02)
1.83 (1.15-2.91)
0.96 (0.92-0.99)
0.69 (0.45-1.05)
2.46 (1.41-4.30)

0.66 (0.37-1.17)

1.79 (1.04-3.23)
1.65 (1.05-2.82)

P Value

0.002
0.001

0.58
0.01
0.04
0.08
0.002

0.15

0.04
0.02




Risk assessment for NTM-PD = progression? = Relapse

M. avium M. intracellulare M. chimaera

Characteristics (n=142) (n=56) (n =53) P Value*
Demographic variables (n = 251)
4 142 56 59 MAC-PD cases
Female, n (%) 89 (63) 50 (89) 37 (70) 0.001
Age (yn), mean + 8D 64.3 = 14.7 65.1 =128 65.9 £ 15.5 0.69 O q
BMI (kg/m?), mean = SD 2208+47  21.9+33 225+50 032 ATS
Currengt; smoker, n (%) 15 (11) 8 (14) 5(9) 0.68 ( crlte rl a
Former smoker, n (%) 65 (46) 22 (39) 19 (36) 0.40
Laboratory evaluation (n =251)
n' 142 56 53
Smear positive, n (%) 44 (31) 21 (38) 12 (23) 0.24
No. of positive cultures, 147 +0.8 1.64 =09 1.47 = 0.7 0.26
mean + SD S d
Comorbidities (n =244) ta rte o n
n 136 56 52
COPD, n (%) 23 (17) 5(9) 9(17) 0.33
Prior T8, n (%) 8 (6) 2 (4 3 (9 0:80 treatment:
CAD, n (%) 29 (21) 7 (13) 13 (25) 0.23
Malignancy, n (%) 42 (31) 17 (30) 18 (34) 0.87
Transplant, n (%) 6 (4) 0 (0) 3 (6) 0.23 48_5 5(y
Immunosuppressants, n (%)* 14 (10) 8 (14) 14 (27) 0.02 0
HIV, n (%) 16 (12) 12 3 (6) 0.06
DM, n (%) 12 (9) 6 (11) 0 (0) 0.07
Clinical symptoms (n =220)
n' 124 50 46
Weight loss, n (%) 24 (19) 8 (16) 11 (24) 0.61 o
Hemoptysis, n (%) 19 (15) 7 (14) 2 (4) 0.16 M &
Cough, n (%) 88 (71) 36 (72) 34 (74) 0.93 & av’um
Hypoxia, n (%) 12 (10) 3 (6) 2 (4) 0.45
Radiographic findings (n =248) U
i s6 s2 chimera:
Cavitary disease, n (%) 27 (19) 7 (13) 11 (21) 0.44
Bilateral lung disease, n (%) 108 (77) 52 (93) 38 (73) 0.02
Started on treatment (n =222) I z
n' 128 54 40 re a pse
Yes, n (%) 71 (55) 28 (52) 19 (48) 0.66
Clinical relapse/reinfection

(n =190)

gTeSv n (%) 3141(%9) 33(49) 113(729) 0.05 AJRCCM 2015,191(11)13 10-7.



Risk assessment for NTIVI-PD = progression/Rx = Relapse

Among MAC patient

M. intracellulare exhibited a more severe presentation such as cavitary disease
and showed a higher progression rate compared with patients with M. avium

1004

M. Intracellulare > M.avium ?? M. chimaera
(2012 study?
(Korea data?

=N 0
= =
1 1

who initiated treatment (%)
£
]

Cumulative rate of patients

-~- M. avium
- M. intracellulare

Lo
=
1

Time (years)
Won-Jung Koh et al

CHEST 2012; 142(6):1482—-1488



MAC-PD can remain stable without treatment, Korea

Patients diagnosed with MAC-LD between January 1998 and December 2011
n=488

73 % progression 27 % stable

with 3 first year, need Rx with 3 first year

on

Progressive group Stationary group Patients who were not
n=305 n=115 treated with a follow-up
Patients who were started Patients who were stable for duration of <3 years
on treatment for MAC-LD at least 3 years after
within 3 years of diagnosis diagnosis without clinical or
due to clinical deterioration radiological deterioration
Untreated patients Treated patients
n=%3 n=22

Patients who were started

48% Spontaneous negative conversion | - e D

of sputum cultures occurred in 48 (51.6%) patients among | after a stable period of at
the 93 untreated patients in the stationary group. least 3 years from diagnosis

FIGURE 1 Flow chart of patients diagnosed with Mycobacterium avium complex lung disease (MAC-LD])
between January 1998 and December 2011.

Ji An Hwang et al, ERJ 2017;49(3). pii: 1600537



Risk assessment for NTIVI-PD = progression/Rx = Relapse

TABLE 2 Predictors of disease progression resulting in treatment initiation within 3 years of
diagnosis of Mycobacterium avium complex lung disease (MAC-LD) in a total of 466 patients”

Univariate analysis

Multivariate analysis

HR (95% CI) p-value HR (95% CI) p-value

Age years 0.990 (0.980-1.001) 0.072 0.987 (0.975-0.999] 0.040
Male 0.976 (0.767-1.243] 0.846
BMI kg-m~—? 0.890 (0.856-0.925) <0.001 0.926 (0.882-0.973) 0.002
Smoker 0.887 (0.695-1.133) 0.337
Past history of pulmonary TB 1.269 (0.991-1.624]) 0.059 0.987 (0.746-1.306) 0.928
Presence of comorbidity " 0.911 (0.714-1.162) 0.452
Presence of systemic symptom™ 1.560 (1.191-2.045) 0.001 1.490 (1.095-2.028) 0.011
Positive sputum AFB smear 2.298 (1.795-2.941) <0.001 1.811 (1.350-2.428) <0.001
Causative organism 0.001 0.364

Mycobacterium avium 1 1

Mycobacterium intracellulare 1.512 (1.186-1.928] 0.869 (0.642-1.177)
Radiological type: fibrocavitary 2.695 (2.099-3.460) <0.001 2.102 (1.519-2.908) <0.001
Involved lobes 1.384 (1.260-1.519) <0.001 1.178 (1.050-1.322) 0.005
FVC % pred 0.991 (0.984-1.998) 0.011 1.001 (0.994-1.009) 0.712

Eur Respir J. 2017 Mar 8;49(3). pii: 1600537



Risk assessment for NTIVI-PD = progression/Rx = Relapse
—> spontaneous sputum conversion

TABLE 3 Predictors of spontaneous sputum conversion in the untreated stationary group of 93
patients

Univariate analysis Multivariate analysis
HR (95% Cl) p-value HR (95% Cl) p-value

Age years 0.969 (0.945-0.994)  0.015  0.973 (0.948-0.999)  0.043
Male 1.087 (0.612-1.929]  0.776  0.885 (0.484-1.621)  0.693
BMI kg-m~—? 1.108 (1.018-1.205) 0.017 1.101 (1.007-1.205) 0.035
Nonsmoker 0.961 (0.542-1.704) 0.892
Presence of comorbidity * 1.309 (0.730-2.345)  0.366
Positive sputum AFB smear 0.536 (0.259-1.110)  0.093  0.377 (0.156-0.912)  0.030
Causative organism 0.817

Mycobacterium avium 1

Mycobacterium intracellulare 0.932 (0.514-1.691)
Radiological type: nodular bronchiectatic 1.246 (0.634-2.450) 0.524
Involved lobes 1.012 (0.770-1.329) 0.934
FVC % pred <80% 1.165 (0.655-2.072) 0.604

Transient anti-TB medication (>1 month)" 2.091 (0.974-4.490)  0.059  3.769 (1.505-9.435)  0.005

Eur Respir J. 2017 Mar 8;49(3). pii: 1600537



1EZRB RMbE & EETE 2014-2018

*MAC-PD, n=123, risk factor for disease progression

e V1. chimaere+others vs av+in, aHR:0.51 (0.27-0.97) p=0.039
Other Independent factor: BMI, AFS, FC pattern e e+ e

- 1.0
M. avium complex Log rank p=0.035
(MAC) )
_ M. intracellulare
rpoB PCR & Subspecies 0.8 RN
sequence identification S
§ . rJ M. avium
a1 M M. Intrac'eHuIare Other rare %
avium or M. chimaera subspecies e
o
Q - |
ITS PCR & ¢ 047 F .
©
sequence 34 3 fi M. Chimaera & others
a -
0.2 4
48
M. Intracellulare M. chimaera
0.0
I I I I I |
0.00 1.00 2.00 3.00 4.00 5.00

Follow-up Years
Unpublisned Data



MAC or MAB-PD w non-cavitary NB pattern, Korea

Patients with newly diagnosed MAC or MAB pulmonary disease between Jan 2003 and Dec 2013
(n=1,600)

Exclusion (n = 579)

- Fibrocavitary form (n = 247)

- Cavitary nodular bronchiectatic form (n = 141)

- Unclassifiable form (n = 137)

- MAB pulmonary disease without species identification (n = 52)
- M. bolietii (n = 2)

a

A 4

Patients with non-cavitary nodular bronchiectatic NTM pulmonary disease
caused by M. avium, M. intracellulare, M. abscessus, or M. massiliense (n = 1,021)

A 4 A 4

Antibiotic treatment (n = 562, 55%) No antibiotic treatment (n = 463, 45%)

55% Abx Rx |

after a median of 1.1 years

!

Persistent positive culture Spontaneous negative conversion
(n =302, 65%) (n=157, 35%)

Fig. 1. Study population. MAC: Mycobacterium avium complex; MAB: Mycobacterium abscessus; NTM: nontuberculous mycobacteria.
Respir Med. 2019 May;151:1-7.



MAC or MAB-PD non-cavitary NB, Korea,
Cumulative rate of treatment initiation

>

Cumulative rate of treatment initiation

Cumulative rate of treatment initiation [0

—— M. avium complex (MAC)

- -~ M. abscessus (MAB)

1.0 1

5 10 15
Time (years)

M intracellulare

0.8 1
N
- s
)
0.6 1 i o
o M avium
0.2 1 .
—— M. intracellulare
- -~ M. avium
0 v . .
0 5 10 15

Time (years)

Cumulative rate of treatment initiation (@)

No significant difference
between MAC and MAB

10 1 M massillense

0.8 7

0.6 1

_______________________________________

04 A

M abscessus

02 1/ .
—— M. massiliense

- -~ M. abscessus

0 5 10 15
Time (years)

Respir Med. 2019 May;151:1-7.



MAC or MAB subspecies & NTM-PD disease course

M. avium complex M. abscessus group
(MAC) MAB

rpoB PCR & Subspecies rpoB PCR &

sequence identification sequence

hsp65 PCR &
M. M. Intracellulare Other rare sequence *
avium or M. chimaera subspecies

ITS PCR & i
sequence M.
ESIIENE

* For 3% discordant results between rpoB &
hsp65: ITS, erm segeunce may be needed

M. Intracellulare M. chimaera

AJRCCM 2015;191(11):1310-7.



MAB subsp: M. abscessus vs M massiliense

CID 2017;64(3):301-8 M. abscessus M. massiliense
Seoul National University Hospital 2" =4 in = 40 Palue”
Clarithromycin
2006/1~2015/6, Susceptible 16 (32.6) 38 (82.6) <.001
56 M abscessus_LD Intermediate 2(4.1) 0 (0.0)
T Resistant 4 (8.2) 5(10.9)
54 M. massiliense-LD Inducible resistance 27 (55.1) 3 (6.5)
MIC at day 3, pg/mL, 0.5 (0.5-2.0) 0.5 (0.5-0.5) .003
Follow-up period 3.5 years, median (IQR)
- - MIC at day 14, ug/mL,  64.0 (2.0-64.0) 0.5 (0.5-0.5) <.001
disease progression (+Abx) o QR;JQ
Amikacin
M. abscessus-LD: 37.5 Susceptible 40 (81.6) 34 (73.9) 053
M. massiliense-LD: 38.9% Intermediate 4(8.2) 11 (23.9)
(P = 881) Resistant 5(10.2) 1(2.2)
MIC, pg/mL, 16 (16-16) 16 (16-32) 318
median (IQR)

Diagnosi
agnosis mdl Treatment i o Conversion

0uiomer W prediors

Culture

_ M Sustain



M. massiliense vs M. abscessus

Predictors?

-

MAB subsp. abscessus =2

-----umamepoR-conversion (sustain),
CETET partly mediated by different
susceptibilities to clarithromycin

- M. massiliense AZM > Clarithromycin

| the superiority of azithromycin
I . ] . ]
——————————————————— n preventing inducible

Time (week)

Culture

=

Conversion

100
]

75

M. abscessus

Remaining culture positive (%)
50

25
!

resistance ? some controversy
M. abscessus 19 11 8 6 6 6 5 4 3
M. massiliense 17 7 2 2 2 1 1 1] 0

CID 2017;64(3):301-8



MAB subspecies: macrolide-resistance—> outcomes

e rrl gene mutation (23srRNA): constitutional macrolide resistance

e erm(41) gene, Erythromycin Ribosomal methyltransferase (erm)
v" MAB. massiliense: erm gene, 397-bp deletion—=>nonfunctional
v' MAB. abscessus: erm, no deletion, C28-> nonfunctional
T28—2>inducible macrolide resistance (7-14 days Rx)

=P Mabs-PD J&EE M Z 22 72 (phenotype)[1]

macrolide FEINZE MY | EAFEMMENY | BEeEE AN EN
Clarithromycin 5 3-5 KZ£6] Susceptible Susceptible Resistant
Clarithromycin 55 14 KZE§) Susceptible Resistant Resistant
oJgEfERTIMEZER erm(41) 2R & erm(41)E2E & 235 ribosomal RNA
dysfunctional functional B
O EB S E KD B M. a. massiliense M. a. abscessus F{a] 24 BUEET]
sk M. a. bolletii

1.BTS Guidelines 2017



Oral Macrolide Therapy Following Short-term Combination
Antibiotic Treatment of Mycobacterium massiliense -PD

-

A

~

Jan 2007 - Sep 2010

"y

-

L

Oct 2010 - Dec 2012

~

Hospitalization for 4 wk

IV amikacin and cefoxitin (or imipenem)
+ oral macrolide and fluoroquinolone
(ciprofloxacin or moxifloxacin)

-

Hospitalization for 2 wk
IV amikacin and cefoxitin (or imipenem)
+ oral macrolide

TABLE 3 | Treatment Outcomes

4-Week IV Group

2-Week IV Group

Treatment Outcome Data (n=28) (n =43) P Value
After 12 mo of treatment, No. (%)
Symptomatic improvement 25 (89) 43 (100) .057
HRCT scan improvement 22 (79) 39 (91) 177
Sputum culture conversion V 28 (100) 39 (91) .148
Sputum culture conversion at the 28 (100) 42 (98) 1.000
end of treatment, No. (%)
Follow-up duration after treatment 33.8 (12.3-50.3) 14.7 (0.5-29.5)° .006
completion, mo
Microbiologic recurrence, No. (%) 2 of 28 (7) 3 0of 42 (7)° 1.000
A4
4-wk IV group (n = 28) } { 2-wk IV group (n = 43)

CHEST 2016; 150:1211-1221



Risk assessment for NTIVI-PD = progression/Rx = Relapse

Among MAB patient

Disease progression: MAB. massiliense = MAB. abscessus

Treatment responses : MAB. massiliense > MAB. Abscessus
(macrolide resistance)

1.0 1

Rx = culture (+) Abx initiation

100

M. abscessus

0.8 1 M. massiliense

————— M. massiliense

75

P =.045 by log-rank test
0.6 1

......................................

M. abscessus

M. massiliense |

1 I I 1 1 1 1 1 I T T T
0 12 24 36 48 60 72 84 96 0 5 10 15

0.4 1

Remaining culture positive (%)
50

25
1

0.2 —
—— M. massiliense

- - = M. abscessus

Cumulative rate of treatment initiation

Time (week) Time (years)
No. at risk
M. abscessus 19 11 8 6 6 6 5 4 3 . .
M massiliense 17 7 2 2 2 1 1 0 0 Abx II\? dlsease progreSS|on¢

CID 2017;64(3):301-8 Respir Med. 2019 May;151:1-7.



Treatment: MAB-PD

=]

2017 A

—— Non-R or inducible R

Constitutional resistance

£ initial phase (RZEZ /D —{E R )
= H1E ATl Amikacin 15 mg/kg (2 15-25 mg/kg tiw 1)
MNETE tigecycline 50 mg bid
JNETE imipenem 1 g bid (& o] LUE B £ )
AN AR Azithromycin 250-500 n .

(8% Clarithromycin 500 mg & IV A m I k +
E continuous phase Tl g e I m | p e
I AZYRY amikacint ’
MNORR Azithromycin 250-500 i Oral A/C

(3% Clarithromycin 500 mg k..,
MU 1-3 BORZE(REF LB AEE)
100 mg qd - linezolid 600 mg gd or bid * minocycline 100 mg
bid + moxifloxacin 400 mg gd * co-trimoxazole 960 mg bid

clofazimine 50-

£ initial phase (FAZEZ2 /D —{E F 1)

B HFHZE| Amikacin 15 mg/kg (2L
15-25 mg/kg tiw ¥)

INETE tigecycline 50 mg bid

ANETE imipenem 1 gbid (&1

7+ f52FB) IV Amik +
£ continuous phase

% AZYHY amikacint TI g e’ I mi p e

0 N5 2-4 f& [ AR 2L (R Z2 8 R m A
&) : clofazimine 50-100 mg qd
linezolid 600 mg qd or bid -
minocycline 100 mg bid + moxifloxacin

400 mg qd - co-trimoxazole 960 mg bid
# AEFZ £ macrolide

1969 - 2019

2018 T Kevin Winthrop [EE8 Mabs-PD 2B DS KIEEMERE S

—fizaBE/R Al

—h A

£ induction phase(FHZEZE /) 4-8 )
FH3-4BEH(EE 2 8E) - —M2/

—fg 2/ D ElE Imipenem B,
Cefoxitin J_E Amikacin £ 8 4-8 #8(Amikaci

me/ke - RELAHESEAETE 10mek |V AMIKAcin +

V&M - [EEFIN_E macrolide ©

#= Amikacin 2% Imipenem/Cefoxitin ;% & I m I p en em O r CefOX Itl n
(or Tigecycine)
viabs-p0 BT Eere - Oral AIC

Tigecycline Z (2 50mg/day » DIFRIRRE
£ suppressive phase
FERAZD 2 BORNEEENEER - [RAL

FA#zE A0 - (B35 H Macrolide 11
ZEZREIRZ - AER erm(41)EH -

14.Semin Respir
Crit Care Med.
2018; 39: 362-376.




Treatment: MAC-PD

<= MAC-PD /&

g/\+

BZH[1,13]

2017 £ BTS 1§51 Z MAC-PD 2 BN EREBEMERER (AERFE

EEEEEE 12 B)

Non-severe MAC-PD

Severe MAC-PD
(%4I—i=*ﬁ'_'1 ~~id-fast bacilli

Macrolide-resistance MAC-PD

A =it rmmat imin ENNian o~ (T

A/CER, TIW

Il Rifampicin 600mg

Azithrarnmin TENm~~ IGin

S AICER, QD

7][] Rifampicin 600mg
ZEEE Z Amikacin 270 =&
A=k A &R amikacin

l( . .
Non-severe * | * Severe ===y | Macrolide
lung cavitation /severe infection, .
or severe symptoms/signs of Fesl Stan ce
systemic illness)
|IE—RZ (A/CERTIW) H—ZX>Z (A/CER QD) H—ZX~Z (H/MER QD)

Isoniazid 300me (+Pvridoxine

“H/MER, QD
J0_E Rifampicin 600mg

ZE# T2 Amikacin 270 =1
Halk AZH) amikacin

2018 £F David E. Giffith [EIE8 MAC-PD i2 BN B REBEZMEZRES

Nodular/bronchiectatic
disease

Cavitary disease

treated d|sease

Severe or nreviously

Macrolide-
resistance MAC-PD

sl B AR kLA E )

B o AR e 2
a0 E B -

Amikacin °

B8 — R macrolide Il | H—3X macrolidet HH—X macrolidet | H—2X Ethambutol /I
Ethambutol Il 7N Ethambutol 7l 7N Ethambutol 7l rifamycint 0 ET B0
rifamycin (TIW)(BZE | rifamycin - BE{FEH rifamycin JNEHE 40 Amikacin - 7 & BT -

Rifamycin & & Rifabutin
HmABRZBEE - B
E &AL Rifampicin ©

-H . Z
NB pattern sc Cavitary i= Severe or
mg (328 <50kg H 150mg)sk rifampin 450— prior RX

. Macrolide
fresistance

.BTS Guidelines 2017
13. Semin Respir Crit Care Med. 2018; 39: 351-361



long-term assessment & treatment follow-up

NTM-ID, DST ' Dy v’ progressive
species /sub§p. C.- ngty, severity NTM-PD
Sent 3 sputum M.Intra>Mavium  D: Disease AFS (-) > +

for AFS & culture  Confirm NTM-PD by progression

CT: new lesion
CXR and CT scan ATS-2007 guideline  go: goal of treatment

Suspicious case ~ NTM-PD? Follow-up RXx initiation conversion +12Mm

DST 2> = treatment failure in

Follow-up macrolides and amikacin MAC infection
1) Symptoms rifampicin M. kansasii infection
2) Microbiology macrolides M. abscessus pulmonary infection

sputum Q3M during Rx and for 12 months after completing Rx;
3) Radiology

— CT scan before starting NTM Rx and at the end of treatment
4) Side effect of anti-NTM Rx



* NTM 150 years, NTM-PD A/
* ATS 2007—>BTS 2017: Disease Progressive, ICD-go 1969 - 2019
* NTM-species, subspecies (Mab)

M. avium 2.1 1 Q’\Q 4.5

M. Intrace//ulare 3.1 13 N 1

M. chimaera

NTM NTM | Disease Spontaneous Treatment Relapse

OR/HR -PD | progression | culture negative | response

MAB abscessus,

MAB massiliense, ++ 17.2

\
<@

e Decision to start treatment ©

v'DST (genotyping), Regimen, Risk & Benefit

B FERMsanweipan@gmail.com




