La terapia delle micobatteriosi
non tubercolari

Andrea Calcagno

Universita di Torino



Treatment of NTM

Very long treatment (12 months from negative cultures) with significant
side effects and poor efficacy rates

= ATS criteria for infection (vs. colonization)

= Weight benefits and potential harms

= |nvolve patients in the decision

Very few RCTs to guide treatment

= Number and choice of drugs depend on the
=  NTM specie
= Severity of the diseases
= Concomitant disorders

Usually a combination of macrolides (azythromicine, clarithromicine)
plus ethambutol plus rifabutin/rifampicin



Who to treat? (ATS/IDSA 2020)

* In patients who meet the diagnostic criteria for NTM pulmonary disease,
we suggest initiation of treatment rather than watchful waiting
e especially in the context of positive acid-fast bacilli sputum smears
* and/or cavitary lung disease
(conditional recommendation, very low certainty in estimates of effect).

* The decision to initiate antimicrobial therapy for NTM pulmonary
disease should be individualized based on a combination of clinical
factors, the infecting species, and individual patient priorities



Susceptibility testing (ATS/IDSA)

* Few NTM (eg, M kansasii) have
clinical response correlation with
susceptibility tests:

* Presence of inducible macrolide
resistance (erm41 gene) correlates
with M abscessus treatment
outcomes

* Macrolide and amikacin
susceptibilities correlate with MAC
treatment response

2007

VIAC susceptibility-based
treatment for macrolides and
amikacin over empiric therapy

M. kansasii susceptibility-based
treatment for rifampicin over
empiric therapy

M. xenopi insufficient evidence

M. abscessus susceptibility-based
treatment for macrolides and
amikacin over empiric therapy

2020



3. Terapia

1. Concentrazioni sub-ottimali (< TB)
e Pochi studi PK — Cmax di azitromicina!
e Rifamicine spesso sottodosate (TB: diabetici, HIV+, basso peso)

2. Interazioni farmacologiche (< HIV&TB)
* [mmunosoppressori

3. Inflammazione e concentrazioni intracellulari (< HIV)

Peloquin C. Microbiol Spectr. 2017; Jeong B-H, et al. AAC 2016



| LINE

Il LINE

MAC

AZITRO + RIFAM + ETB
3 times/week

+ AMIKA if cavitary lesions
or severe disease and daily
regimen

If Macro-R or failure after 6
months
+ ALIS*

*amikacin liposome inhalation suspension (ALIS)

{ M. kansasi

4 N

RIFA + ETB + INH (daily) or
AZITRO (3 times/week if
non severe and non

cavitary)

4 I
If RIFA-R or intolerance +
MOXI
\ /

Recommended Treatments (ATS/IDSA 2020)

at least 12 months after sputum culture conversion

]

RIFA + ETB + AZITRO or
MOXI

+ AMIKA if cavitary lesions
or severe disease and daily
regimen



Macrolide Susceptibility Pattern

| {‘ CO I I | I I I ‘ I I d ‘ d Mutational® Inducible® No. of Drugs® Preferred Drugs Frequency of Dosing

Susceptible Susceptible Initial phase > 3 Parenteral (choose 1-2) Daily (3 times weekly may be used for aminoglycosides)

Amikacin

Treatments

Oral (choose 2)

ATS/IDSA 2020

Linezolid
Continuation phase > 2 Oral/inhaled (choose 2-3)
at | e a St 1 2 m O nt h S a fte r Azithromycin (clarithromycin)®
Clofazimine
Linezolid
S p u t u m C u | t u re Inhaled amikacin
Susceptible Resistant Initial phase > 4 Parenteral (choose 2-3) Daily (3 times weekly may be used for aminoglycosides)
. Amikacin
CO n Ve rS I O n Imipenem (or Cefoxitin)
Tigecycline
Oral (choose 2-3)
Azithromycin (clarithromycin)®
Clofazimine
Linezolid
Continuation phase > 2 Oral/inhaled (choose 2-3)
Azithromycin (clarithromycin)®
Clofazimine

M. abscessus Linezolid

Inhaled amikacin

Resistant Susceptible or  Initial phase > 4 Parenteral (choose 2-3) Daily (3 times weekly may be used for aminoglycosides)
resistant Amikacin
Imipenem (or Cefoxitin)
Tigecycline

Oral (choose 2-3)
Azithromycin (clarithromycin)®
Clofazimine
Linezolid

Continuation Phase > 2 Oral/inhaled (choose 2-3)
Azithromyein (clarithromycin)®
Clofazimine
Linezolid
Inhaled amikacin

*amikacin liposome inhalation suspension (ALIS)



redictors of anti-NTM treatment start
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Short communication

Predictors of starting antimicrobial treatment in patients with
nontuberculous mycobacterial lung disease in the Italian scenario: A SITA
GIOVANI-IRENE promoted web-survey

a,d,1,*

Andrea Lombardi , Marta Colaneri ™', Margherita Sambo ", Angela Di Matteo ®,

Paolo Sacchi ®, Massimiliano Fabbiani ¢, Luigi Codecasa °, Stefano Aliberti & Francesco Blasi "/,

b,

a,d,h

Alessandra Bandera ®®", Raffaele Bruno ™¢, Andrea Gori

Age > 70 years

Gender (male)

Gender (female)

Smoker

BMI<18 or pronounced weight loss
Dyspnoea

Chronic low-grade fever
Declining FEV-1

Previous tuberculosis infection
Tuberculosis actually ruled-out
Sputum negative for fungi
Chronic productive cough
Diabetes mellitus
Concomitant neoplasia

HIV infection

Concomitant COPD

Concomitant bronchiectasis

Chest x-ray with cavities

HRCT with bronchiectasis and nodules
Worsening radiologic picture

Serum galactomannan negative
BAL galactomannan negative
Serum beta-D-Glucan negative

BAL beta-D-Glucan negative
Negative sputum culture for bacteria
Negative BAL culture for bacteria

M. abscessus sensu stricto

M. kansasi

M. xenopi

M. gordonae

M. massiliense

M. bolletii

M. chelone

M. malmoense

Ui

I

Underlying cystic fibrosis M. fortuitum

|
|

Use of inhaled drugs M. szulgai

Steroids MAC

|

Anti-TNF-alpha NTM species in sputum (single sample)

|

Chemotherapeutic agents NTM species in sputum (multiple samples)

R

Immunosuppressive drugs (Al) NTM species in BAL

Immunosuppressive drugs (SOD) NTM in consecutive samples

n
w
&~

N
w
'S
(2}



Outcome — NTM-LD

MAC (n=170) RE REH
No. 37 38

Deaths 32% 39%
(All causes)

Deaths 0% 8%
(Myco)

Failure/relapse | 41% 16%
Alive and 27% 34%
cured at 5 yrs

Jenkins PA, et al. Thorax 2008



Outcome — NTM-LD

Macrolide-containing regimens
led to better treatment success
rates comparing to non-

macrolide-containing regimens
(69% vs 58.5%)

Treatment duration of 12
months or more showed better

results.

Nasiri MJ, et al. Exp Rev Anti-inf Ther 2020

Treatment %
Author regimens ES (95% CI) Weight
Asakura Daily: STFX+CLR+EMB+RFB £ 3 1 38.71(38.08,39.34) 1.30
Hagiwara Daily: CLR-based regimen 1 L ] 74.39 (74.12,74.67) 1.30
Hosono Daily: ERT £ 69.70 (69.23, 70.17)  1.30
Jhun Daily: macrolide+EMB+RFB | * 80.77 (80.27,81.27) 1.30
Intermittent: macrolide+EMB+RFB 1 . 8148 (80.99,8197) 130
Cadelis CLR+RFB+EMB ® 1 5294 (52.42,53.46) 1.30
Kadota Daily: CLR (3 54.55 (53.57, 55.52) 1.30
Daily: CLR+EMB <> 1 16.67 (15.12, 18.22) 1.30
Daily: CLR+RFB ® 1 54.17 (53.54, 54.79) 1.30
Daily: CLR+EMB+RFB 1 » 8358 (83.42, 83.74) 1.30
Daily: CLR+EMB+RFB+Ags » 82.61(82.07,83.14) 1.30
Park RFB+EMB+CLR or AZM 1 L 2 94.12(93.97,94.27) 1.30
Zweijpfenning RFB+EBM+macrolide e 70.59 (70.13, 71.05) 1.30
Ellender CLR+RFB+EMB+AMK ) 38.71(38.08,39.34) 1.30
Fujital Daily: STFX+CLR+EMB+RFB L 3 1 44.44 (43.64,45.25) 1.30
Jeong1 Daily therapy: AZM+EMB+RFB £3 67.53 (67.24,67.83) 1.30
Three-times-weekly: AZM+EMB+RFB 1 » 8202 (81.77,82.27) 130
Jeong2 Daily: CLR or AZM+RFB or RFB+EMB withjor without STM . 75.76 (75.51, 76.00) 1.30
Three-times-weekly: AZM or CLR+EMB+R§P * 66.95 (66.71,67.19) 1.30
Griffith1 CLR or AZM+RFB+EMB 1 L 3 8222 (82.05,82.39) 1.30
Shimomura Daily: CLR+RFB+EMB+LVFX *T 66.67 (64.63,68.71) 1.29
Daily: CLR+RFB+EMB * 76.19 (75.80, 76.58)  1.30
Ito1 Daily: CLR+RFB+EMB L J 1 51.39 (51.04, 51.74) 130
Miwa Daily: CLR+RFB+EMB 1 L 3 75.00 (74.54, 75.46) 1.30
Daily: CLR+EMB & 82,50 (82.11,82.89) 1.30
Fujita2 Daily: CLR+RFB+EMB R 64.20 (63.49, 65.08) 1.30
Daily: RFB+EMB+GFLX 1 L 2 84.62 (83.87, 85.36) 1.30
Ito2 Daily: CLM+EMB+RMP and/or LVX 3 1 53.70 (53.30, 54.10) 1.30
Koh1 Daily: CLR+RFB+EMB & 64.41 (64.26,64.56) 1.30
Koh2 Daily: CLR+RFB+EMB 1 & 74.26 (74.01, 74.50)  1.30
Kim Daily: CLR+RFB+EMB * 66.67 (66.05,67.28) 1.30
Sim Daily: CLR+RFB+EMB o 79.17 (78.92,79.41) 1.30
Hasegawa Daily: 400 mg CLR+450 mg RFB+750 mg §MB 3 1 55.56 (54.46, 56.65) 1.30
Daily: 800 mg CLR+450 mg RFB+750 mg M8 1 91.67 (90.91,9242) 1.30
Daily: 800 mg CLR+600 mg RFB+1000 mg|EMB 1 92.31(91.59,93.02) 1.30
Jenkins Daily: CLR+EMB+RFB E 84.85 (84.56, 85.14) 1.30
Daily: CPX+EMB+RFB 1 L 3 79.41(79.12,79.71)  1.30
Kobashi Daily: CLR+RFB+EMB+STM 1® 71.23 (70.93, 71.53)  1.30
Daily: CLR+RFB+EMB 3 1 50.68 (50.34, 51.03) 1.30
Lam Three-times-weekly: CLR or AZM+RFB or RFB+EMB & 43.96 (43.62,44.29) 130
Benson Daily: CLR+EMB L3 1 47.17 (46.74, 47.60)  1.30
Daily: CLR+RFB * 1 46.00 (45.55, 46.45) 1.30
Daily: CLR+RFB+EMB 63.16 (62.80, 63.52) 1.30
Dunne Daily: AZM +EMB & ! 45.50 (45.21,45.97) 1.30
Daily: CLR+EMB & 1 56.14 (55.76, 56.52) 1.30
Griffith2 Daily: CLR+EMB+RFB 1 L 3 82.76 (82.29, 83.23) 1.30
Three-times-weekly: CLR+EMB+RFB * 78.05 (77.65,78.44) 1.30
Three-times-weekly: AZM+EMB+RFB 1 61.54 (61.09,61.99) 1.30
Cohn Daily: CLR 500 mg +EMB+CFZ or RFB 1 3 78.57 (78.08, 79.06) 1.30
Daily: CLR 1000 mg +EMB+CFZ or RFB & 76.92 (76.41,77.44)  1.30
Gordin Daily: CLR+EMB+RFB ! 62.86 (62.53,63.18) 1.30
Daily: CLR+EMB 1 60.87 (60.54,61.20) 1.30
Fournier Daily: CLR+EMB+CFZ 1 & 81.25(80.58,81.92) 1.30
Daily: CLR+EMB & 54.55 (53.57, 55.52) 1.30
Koletar Daily: AZM 600 or 1200 mg k-3 1 53.57 (53.18, 53.96) 1.30
oger Daily: CLR or AZM+AMK+EMB+CPX 1 * 86.67 (85.99, 87.34) 1.30
Tanaka Daily: CLR+KAN+EMB+RFB+Ofix or levo 1 . 71.79 (71.37,72.22) 1.30
Roussel Daily: CLR+Mino+CFZ £ 63.64 (63.02,64.25) 1.30
Ward Daily: AZM +EMB & 1 37.50 (36.58, 38.42) 1.30
Daily: CLR+EMB 1 * 85.71(85.16,86.27) 1.30
Dautzenberg1 Low-dose CLR: 1000 mg or 750 mg q.d. L 73.33 (72.61, 74.05) 1.30
CLR high-dose: 1000 mg or 750 mg b.i.d 1 £ 3 92.31(91.59,93.02) 1.30
Chaisson Daily: CLR+EMB ® 65.45 (65.09,65.82) 1.30
Daily: CLR+EMB+CFZ L 2 52.94 (52.53,53.36) 1.30
Shafran Daily: RFB+EMB+CLR 3 69.07 (68.81,69.33) 1.30
Daily: RFB+EMB+CFZ+CPX © ! 28.89 (28.48,29.30) 1.30
Wallace Daily: CLR+EMB+RFB or RFB+STM 1 & 92.31(91.93,9268) 1.30
Dautzenberg2 Daily: RFB+CFZ+EMB+INH * 4545 (45.03,45.88) 1.30
Daily: CFZ+EMB+INH L 3 ! 38.30 (37.79, 38.80) 1.30
Dautzenberg3 Daily: CLR 1 & 92.86 (92.17,93.54) 1.30
Daily: CLR+CFZ+1other 1 3@ 100.00 (98.53, 101.47) 1.30
Daily: CLR +CPXz2other <> 75.00 (73.38, 76.62)  1.30
Daily: CLR+CFZ i 71.43(70.27,72.59) 1.30
Daily: CLR+EMBz2other 1 100.00 (97.63, 102.37) 1.29
Daily: CLR= 1other 1 100.00 (97.63, 102.37) 1.29
Kemper Daily: RFP+EMB+CFZ+CPX+AMK & 41.94 (41.33,42.54) 1.30
Ahn Daily: EMB+INH+RFP+STM 1 & 91.30 (90.96, 91.65)  1.30
Overall (l-squared = 100.0%, p = 0.000) - 68.12(64.74,.71.49)  100.00
NOTE: Weights are from random effects analysis 1
| | I |
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Failure and/or relapse

* MAC-PD 13-16% with 3-drug regimens
 Upto48% in some case series, 75% reinfection

* Higher incidence if previouslty treated, macrolide resistant, non sputum
conversion at 6 months

* Better outcomes by adding «new» drugs (fluoroguinolones, clofazimine,
linezolid)

* M. Abscessus-PD 42% with standard treatment (4 weeks i.v.
plus maintenance)

* 75% in Myc abs abscessus vs. 22% in Myc abs massiliense 0%

o 24-42% con 1/2 iv drugs =2 58% in Myc abs abscessus vs. 5% in Myc abs 40%
massiliense 0%

e 52%in the US 0%

100%
80%

100%

80%
60%

40%
20%
0%

MAC

—

abscessus massiliense

BTS Thorax 2001; Jenkins PA, et al. Thorax 2008; Wallace RJ, et al. Chest 2014; Koh WJ, et al. Am J Respir Crit Care Med 2011; Lyu J, et al. Respir Med 2011 and

2014; Jarand J, et al. Clin Inf Dis 2011



Lung Function Decline in NTM-LD

Park HY, et al. Chest 2016

Observation
Vs
Treatment success

Observation
Vs
Treatment failure

Treatment success
Vs
Treatment failure
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I Observational Study M e d i C i n e

Computed tomographic findings of macrolide-
resistant Mycobacterium massiliense pulmonary

disease and changes after antibiotic treatment

Hyun Jung Yoon, MD?®, Myung Jin Chung, MD?", Won-Jung Koh, MD®, Byung Woo Jhun, MD®,
Seong Mi Moon, MD?

= 2(11%) patients achieved sputum culture
conversion during the follow-up period.

" On the last follow-up CT, overall CT scores were
increased in 8 (62%) of 13 patients, and total
mean CT score was significantly increased
(P=.021). For each CT pattern, the cavity
showed the greatest increase in CT score
(P=.027), followed by bronchiectasis (P=.038).

Yoon HJ, et al. Medicine 2019

FEW PATIENTS RECEIVED 2
IV DRUGS AND THEN
MACROLIDE + 2-4 DRUGS




Variability in the Management of Adults With
Pulmonary Nontuberculous Mycobacterial Disease

Total records
reviewed (N > 3896)

: | , Unlikely to have pulmonary B MAC = M. kansasii M. abscessus
Diagnosed with PNTM, NTM based on further

HIV-negative (n= 322) review (n= 18)

Diagnosed with PNTM, No NTM-positive culture
HIV-negative (n= 304) result in the record (n= 2)

Diagnosed with PNTM,
and had NTM isolated

(n=302)
I
I
PNTM treatment Watchful waiting Unknown
started (n= 249) (n=46) (n=7)
|
I I
Data for microbiologic and/or Data for microbiologic and/or clinical
clinical cure available (N= 140) cure not available (N= 109)
I
[ I
Cured Not cured
(N=178) (N =62)
I
[ |
Clinical cure Microbiologic
(N =56) cure (N = 33)

Abate G, et al. CID 2021



Variability in the
Management of
Adults With
Pulmonary
Nontuberculous
Mycobacterial
Disease

Table 4. Treatment and Clinical Course of Patients With Pulmonary Nontuberculous Mycobacteria Negative for Human Immunodeficiency Virus

All (N=297) MAC (n=247) M. kansasii (n =23) M. abscessus (n=12) Other(n=7) Multiple (n =8)

Treated 245 (83.1) 203 (82.9) 21 (91.3) 9 (75) 6 (85.7) 6 (75)
No. of antibiotics administered as initial therapy

1 10° (4.1) 8 (3.9) 2(22.2)

2 26 (10.6) 22 (10.8) 1(4.8) 2(22.2) 1(16.7)

>3 210 (85.4) 174 (85.3) 20 (95.2) 5 (55.6) 5 (83.3) 6 (100)
Mode of initial antibiotics administration

Oral only 229 (93.1) 192 (94.1) 21 (100) 4 (44.4) 6 (100) 6 (100)

Oral and parenteral 17 (6.9) 12 (5.9) 5 (55.6)
Duration of treatment, mean + SD, m 13.7 + 9.7 13.7 £ 10.0 13.6 £ 8.0 13.4 +12.2 172 £+ 3.3 10.9 + 7.3
Adherence to ATS/IDSA treatment guidelines 99 (33) 88 (35.6) 4(17.4) 2(16.7) 1(14.3) 3 (375)
Change in treatment 97 (32.7) 80 (32.4) 5(21.7) 7 (58.3) 2 (28.6) 3 (375) I
Reason for discontinued treatment

Persistent positive culture 12 (75) 12 (9.3)

Culture-confirmed drug resistance 9 (5.7) 9 (7)

| Adverse drug effects 90 (56.6) 75 (58.1) 3 (23.1) 6 (85.7) 1(25) 5 (83.3) |

Drug interaction 3(1.9) 2 (1.6) 1(16.7)
NTM culture result available at follow-up

12-24 m 141 (475) 114 (46.2) 11 (47.8) 9 (75) 3(42.9) 4 (50)

24-30 m 66 (22.2) 56 (22.7) 1(4.3) 5 (41.7) 2 (28.6) 2 (25)

>30m 41 (13.8) 35 (14.2) 1(12.5

NTM culture negative at follow-up

12-24 m 88 (62.4)
24-30 m 36 (54.5)
>30 m 22 (53.7)

Symptoms improvement

3m 104 (44.6)
6m 76 (41.3)
9m 69 (41.1)
12 m 55 (34.6)
18 m 75 (36.2)
30 m 50 (29.6)

_—— —_—
Hospitalization 83 (29.2)

Died 44 (157)
— L _— L _— L _— L _— L L

Total person-years follow-up 506
Months of follow-up, median (IQR)

24.2(14.5, 29.7) 24.8(15.0, 29.7)

70 (61.4) 11 (100)
30 (563.6) 1 (100)
18 (51.4) 2 (66.7)

85 (43.4) 11 (68.8)

66 (41.3) 5 (50)

65 (44.8) 2 (20)

49 (34.5) 4 (50)

66 (38.2) 6 (375)

42 (28.8) 3 (375)

2 (26.3) Y

6 (50)

3(33.3)
3 (60)
2 (100)

4 (50)
3(42.9)
1(14.3)

1(25)

3(42.9)

2 (66.7)
1 (50)

2 (33.3)
2 (66.7)
1(25)

2 (40)

(50)

2 (50)
1 (50)

2 (28.6)

1(25)
1(20)
2 (40)

= 3375)

428 32
175(13.8, 24.0)

21

26.1(14.4, 29.8)

24.4(20.7,29.9) 23.4(9.0, 29.5)

12

13

Abate G, et al. CID 2021



Variability in the
Management of
Adults With
Pulmonary
Nontuberculous
Mycobacterial
Disease

Cure (n=78)
Adherence toATS/ IDSA 85 3%
GLs
Number of ATBs for
initial therapy

1 -
2 6.4%
3 93.6%

No Cure .
(n=60) p Odds ratio
55.9% .000 4.583

6.8% .006 -
16.9%
76.3%

95%Cl

2.017-10.411

Characteristics of HIV- Patients With Pulmonary MAC Who Died Compared With Those Who Survived

Female sex
Bronchiectasis
History of treated TB
CKD

Weight loss

Rx findings
Infiltrates/opacities
Cavitation
Tree-in-bud opacities

Duration of treatment

Died (n=34)

47.1%
19.4%
12.9%
16.1%

51.5%

45.5%
48.5%
12.5%

9.2

Survived (n=187)

72.2%
38.8%
0.6%
3.1%

23.6%

26.9%
21.6%
40%

14.2

Abate G, et al. CID 2021

p Odds ratio
.005 .342
.042 .379
.003 -

.012 5.963
.003 3.433
.040 2.259
.002 3.425
.002 214
.005 917

95%Cl

.162-.722

.147-.977

1.613 - 22.040

1.587-7.424

1.051-4.859
1.576 -7.441
.072 - .639

.864 - .973



NTM-LD Cohort in . l

477 patients

Respiratory comorbidities were found in 68% of cases,
tuberculosis sequelae in 31.4% of patients, and
immunosuppression in 16.8% of cases.

The three most common NTM spe- cies were Mycobacterium
avium complex (60%), M. xenopi (20%) and M. kansasii (5.7%).

Smear-positive was found in one third of NTM-PD.

Nodulobronchiectatic forms were observed in 54.3% of cases,
and cavitary forms in 19.1% of patients.

Sixty-three percent of patients were treated, 72.4% of patients
with smear-positive samples, and 57.5% of patients with
smear-negative samples.

Treatment was in adequacy with ATS guidelines in 73.5%.

The 2-year mortality was 14.4%. In the Cox regression,

treatment (HR = 0.51), age (HR = 1.02), and M. abscessus

#3.%9) appeared as the 3 significant independent prognostic
actors.

Bemer P, et al. BMIC Pulm Med 2021
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Consensus for treating less common NTM

NTM-PD treatment decision

4

Favours treatment

v

v

Withholding treatment

v

NTM-PD diagnosis according to ATS, ERS, ESCMID, and IDSA criteria

« Patient-related factors: patient preference, symptoms, immunocompromised host,
comorbidities, disease progression, and underweight

« Radiological factors: cavitary disease and extensive disease

+ Microbiological factors: detectable acid-fast bacilli on microscopy, repeated isolation of the
causative species, pathogenicity of the causative species, and expected treatment success

ATS, ERS, ESCMID, and ISDA criteria not fulfilled

« Patient-related factors: patient preference, no symptoms, no disease progression,
comorbidities, and advanced age

« Radiological factors: localised nodular bronchiectatic disease

+ Microbiological factors: low pathogenicity of the causative species
(ie, M gordonae), single isolation of the causative species, and expected treatment failure

Lange C, et al. Lancet Infect Dis 2022




Consensus
for treating

less common
NTM

NTM species

Drug susceptibilty testing

Lange C, et al. Lancet Infect Dis 2022

*Treatment should not be offered without overwhelming evidence that this organism is
causing invasive pulmonary disease—eg, multiple positive cultures plus histopathology.

A
(';l:]?sl)er of Drugs in the regimen
Ut
Tobramycin . . Clofazimine Linezolid
Azithromycin (457 mgfkg) ?zg)él::;);acm (100-200 mg) (600 mg)
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Amikacin + clofazimine

Avibactam + ceftazidime

Clarithromycin + linezolid +/- FQ

Clarithromycin + vancomycin

Clarithromycin + Rifabutin + FQ

SINERGY «
o

Tigecycline + linezolid

Bedaquiline + Clofazimine

Wu ML, et al. Drug Disc Today 2018; Ruth MM, et al. JAC 2019



M. marinum case series

Table2. TreatmentRegimens in 40 Patients Treated for M. marinumDisease

e Retrospective, culture-confirmed M. marinum, —
Netherlands, 2011-2018

* 40 cases oo Tos
* Fish tank 83%, swimming 7% Syl 209

* Antibiotic treatment cured 36/40 patients (90%) o e i e
after a mean treatment duration of 25 weeks. Frettaoman R

* Failure/relapse occurred in 3 patients, and 1 patient sl S
was lost to follow-up. X o

* Monotherapy in 35% and 2-drug therapy in 63%. o0
* Ethambutol-macrolide combinations (35%). Aol S

* Eleven patients (28%) received additional surgery.

Mean total treatment duration: 25 + 14 wk

d High rates Of in Vitro reSiSta nce to tetracycnnes (36% Of Mean duration of treatment after clinical cure: 6 + 3 wk
|SO|ate5) . Surgery 11(28)

Abbreviations: AZI, azithromycin; CLA, clarithromycin; EMB, ethambutol; RIF, rifampicin

Hendrikx L, et al. OFID 2022



Mycobacterium genavense individual patient
meta-analysis
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Wetzstein N, et al. J of Infection 2022



Mycobacterium genavense individual patient

: Table 3
I I I eta — a n a ‘ yS I S Clinical manifestations, antimycobacterial treatments and overall
outcome of included cases with M. genavense infection.
all M. genavense cases (n = 223)
n data available [%]
Clinical Manifestations

Fever 166 222 74.8
o . Weight Loss 133 222 59.9
We included 223 patients (1992 to 2021). mﬁmm - 2 22 369
While the majority was HIV-positive (n =171, Hepatomesaly o 33
Splenomegaly 81 222 36.5
7 6 . 7 %) Anemia 94 222 423
Lymphadenopathy 108 222 48.6
* 52 patients were non-HIV-patients (23.3%), 36 of Abdominal 8 108 815
whom received immunosuppressive therapy (69%). convial s s
nteropathy A

clerosing mesenteritis 2 7
We could confirm the bacterium’s tropism for the Pamonay s 2822
astrointestinal tract with abdomina i)am, Rt son s o 23
epato-/splenomegaly and abdomina s S i
lymphadenopathy being major clinical Pl s L o3
manifestations. N teray 1605 07
The regimens consisted mainly of macrolides, i3
rifamycins and ethambutol. Ritampici o 1
Rifabutin 68 123 55.3
Ethambutol 132 149 88.6
Overall mortality was high, but in logistic Gudelne rple 31 140 o1
regression and time-to-event analysis a macrolide Ciprfovacin 7 549
containing regimen was associated with better odloadn 20 252
outcomes. i .o 2
Isoniazid 32 149 215

Pyrazinamide 13 149 8.7

Linezolid 3 149 2.0
Wetzstein N, et al. J of Infection 2022 Do == =
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Fig. 3. FDG-PET/CT images of one of our patients suffering from disseminated M. genavense infection and HIV (not included in the analysis). The coronal view (A) and
increased glucose metabolism mirroring the predominant sites of infection of M. genavense.

maximum intensity projection (B) show remarkable hepatosplenomegaly, abdominal enlarged lymph nodes as well as bone marrow involvement/activation with significantly

Wetzstein N, et al. J of Infection 2022

idual patient



Mycobacterium genavense individual patient meta-analysis
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Wetzstein N, et al. J of Infection 2022



Drugs for Mabs (with pipeline
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Quang NT and Jang J. Frontiers Pharmacol 2021



Ritfamycins for NTM

TABLE 1 MIC ranges and MIC,, and MIC,, values of four rifamycin derivatives for 311 clinical NTM isolates

No. (%) of isolates with MIC (ug/ml) of:
MIC range MIC,, MIC,,

NTM species (no.)  Antibiotic <0.062 0.125 0.25 0.5 1 2 4 8 16 32 64 >64 (mg/ml) (ng/ml)  (mg/ml)

M. avium (63) Rifampin 2(3.2) 2(3.2) 6 (9.5) 16 (25.4) 8(12.7) 7(11.1) 2(3.2) 3(4.8) 11(17.4) 6(9.5) 0.25->64 4 64
Rifapentine 3(4.8) 4 (6.3) 22(349) 9(14.3) 6(9.5) 6 (9.5) 5(7.9) 4 (6.3) 1(1.6) 3(4.8) 0.125->64 1 16
Rifaximin 1(1.6) 2(3.2) 2(3.2) 15 (24) 19(30.2) 10(15.9) 4(6.3) 6 (9.5) 1(1.6) 3(4.8) 0.125->64 2 16
Rifabutin 33(524) 7(11.1) 4(6.3) 5(7.9) 9(14.3) 1(1.6) 1(1.6) 3(3.2) =0.062-64 =0.062 0.25

M. intracellulare (58) Rifampin 1(1.7) 1(1.7) 1(1.7) 11 (19) 41(70.7) 3(5.2) 0.25->64 64 64
Rifapentine 1(1.7) 5(8.6) 19(32.8) 19(32.8) 9(15.5) 2(3.4) 1(1.7) 234 =0.062->64 8 16
Rifaximin 1(1.7) 2(3.4) 12(20.7) 41(70.7) 2(3.4) 8->64 (YA (V!
Rifabutin 1(1.7) 2(3.4) 8(12.7) 26 (44.8) 16(28.4) 2(3.4) 1(1.7) 2(3.4) =0.062-16 0.5 1

M. kansasii (58) Rifampin 6(10.3) 32(55.2) 9(15.5) 3(5.2) 3(5.2) 1(1.7) 234 234 0.5->64 1 8
Rifapentine 14 (24.1) 30(51.7) 5(8.6) 4 (6.9) 2(3.4) 1(1.7) 234 0.125->64 0.25 1
Rifaximin 13(22.4) 26(44.8) 10(17.2) 3(5.2) 1(1.7) 1(1.7) 2(34) 234 0.25->64 ©:5 4
Rifabutin 51(87.9) 1(1.7) 3(5.2) 1(1.7) 1(1.7) 1(1.7) =0.062-64 =0.062 =0.062

M. abscessus (65) Rifampin 1(1.5) 64 (98.5) 64->64 >64 >64
Rifapentine 1(1.5) 3(4.6) 61(93.8) 32->64 >64 >64
Rifaximin 1(1.5) 2(3.1) 18 (27.7) 44(67.7) 4->64 Yavil >Yavil
Rifabutin 1(1.5) 3(4.6) 8(12.3) 25(38.5) 26(40) 2(3.1) 0.25-32 8 16

M. massiliense (67) Rifampin 1(1.5) 1(1.5) 1(1.5) 17 (25.4) 47 (70.1) 0.125->64 >64 >64
Rifapentine 1(1.5) 3(4.5) 4 (6) 5(7.5) 33(49.3) 21(31.3) 1->64 64 >64
Rifaximin 4 (6) 5(7.5) 6(9) 19 (28.4) 31(46.3) 2(3) 2->64 32 64
Rifabutin 1(1.5) 3(4.5) 2(3) 16(23.9) 24(35.8) 12(17.9) 9(13.4) =0.062-16 4 16

Kim DH, et al. AAC 2021



Rifamycins for NTM (2

TABLE 2 MIC ranges and MIC,, and MIC,, values of four rifamycin antibiotics for 57 macrolide-resistant and 44 aminoglycoside-resistant clinical NTM isolates

No. (%) of isolates with MIC (ug/ml) of:
MIC range MIC;, MIC,,

NTM species (no.) Antibiotic  <0.062 0.125 0.25 0.5 1 2 4 8 16 32 64 >64 (mg/ml) (ng/ml)  (mg/ml)
| Macrolide resistant |

M. avium (10) Rifampin 1(10) 1(10) 1(10) 1(10) 2 (20) 4 (40) =0.062->64 64 >64
Rifapentine 1 (10) 1(10) 1(10) 1(10) 3(30) 1(10) 2 (20) =0.062->64 8 >64
Rifaximin 1(10) 1(10) 3(30) 1(10) 2 (20) 2 (20) =0.062->64 4 > 64
Rifabutin 1 (10) 3(30) 2200 3(30)  1(10) =0062-2 | 05 2 |

M. intracellulare (17) Rifampin 2(11.8) 1(5.9 1(5.9) 3(17.6) 10(58.8) =0.062-64 64 64
Rifapentine 1 (5.9) 1(5.9) 1(5.9) 2(11.8) 8(47.1) 3(17.6) 1(5.9) =0.062-64 8 16
Rifaximin 1(5.9) 2(11.8) 1(5.9) 4(23.5) 9(52.9) =0.062-64 64 64
Rifabutin 3(17.6) 2(11.8) 2(11.8) 9(52.9) 1(5.9) 50.062—16[ 2 2 ]

M. abscessus (13) Rifampin 1(7.7) 1(7.7) 11(84.6) 32->64 >64 >64
Rifapentine 2(15.4) 2(15.4) 9(69.2) 32->64 >64 >64
Rifaximin 3(23) 3(23) 3(23) 4(30.8) 16->64 64 64
Rifabutin 5(385) 3(23) 4(308) 1(9) 2-16 L 4 8 )

M. massiliense (17) Rifampin 3 2(11.8) 12(70.6) 32->64 >64 >64
Rifapentine 2(11.8) 4(235) 11(64.7) 16->64 >64 >64
Rifaximin 2(11.8) 3(17.6) 1(5.9) 4(23.5) 2(11.8) 5(29.4) 4->64 32 >64
Rifabutin 1(5.9) 1(5.9) 7418 2(11.8) 4(23.5) 2(11.8) 0.5-16 [ 2 16 ]

| Aminoglycoside resistant |

M. avium (12) Rifampin 1(8.3) 5(41.7) 1(8.3) 1(8.3) 1(8.3) 3 (25) 1-64 2 64
Rifapentine 7(583) 1(8.3) 1(8.3) 1(8.3) 2(16.7) 0.5-8 0.5 8
Rifaximin 2(16.7) 3(25) 2(16.7) 2(16.7) 1(8.3) 2(16.7) 0.25-16 1 16
Rifabutin 7(583) 1(8.3) 1(8.3) 3(25) 50.062—0.5[ =0.062 05 ]

M. intracellulare (17) Rifampin 1(5.9) 2(11.8) 5(29.4) 8(47.1) 1(5.9 0.5->64 32 o4
Rifapentine 1 (5.9) 1(5.9) 3(17.6) 5(294) 3(17.6) 3(17.6) 1(5.9) =0.062-32 4 16
Rifaximin 1(5.9) 1(5.9) 1(5.9) 4(23.5) 3(17.6) 5(29.4) 2(11.8) 0.25->64 32 >64
Rifabutin 2(11.8) 3(17.6) 6(35.3) 2(11.8) 1(5.9) 2(11.8) 1(5.9 =0.062-8 l 0.5 4 l

M. abscessus (9) Rifampin 9(100) >64 o4 o4
Rifapentine 1(11.1) 8(88.9) 64->64 >64 >64
Rifaximin 2(222) 7 32-64 64 64
Rifabutin 6(66.7) 2(222) 1(11.1) 4-16 | 4 16 |

M. massiliense (6) Rifampin 6 (100) >64 >64 >64
Rifapentine 3(50) 3(50) 64->64 >64 >64
Rifaximin 5(83.3) 1(16.6) 64->64 >64 >64

Rifabutin 1(167) 1(167) 2(333) 2(33.3) 2-16 [ )
Kim DH, et al. AAC 2021




Rifabutin for Mabs?

e Rifampin shows poor growth inhibition of
M. abscessus isolates (MIC, 128 mg/liter)
due to the drug-modifying activity of its
ADP-ribosyltransfer- ase ArrMAB

* Deletion of arrMab in M. abscessus isolates
has been shown to decrease not only the MIC

TABLE 1 MIC and relative resistance ratios of strains

for RMP but also for two other rifamycins - il - i - — - il - = .

Strain MiCe RRR® MIC? RRR®? MIC? RRR® MIC? RRR® MIC? RRR
» Rifabutin was identified in an in vitro M. N cessus T1x10518 15 4 o388 a4 0 1 o
abscessus drug screen and verified to be e WA, CR57 aMAS_ 1483 46105 15 15 4 0259 240 0 1 0
active agalnst various M. abscessus strains Adrriss AMAB_ T496¢ 46x10°16 15 4 0199 1 5 1 0

o aMedian of 6 replicates in mg/liter.
(MIC, %3 mg/ liter). oG MM
* Subsequently, RBT proved to be
efficacious in in vitro and in vivo models of

M. abscessus infection, whereas RMP
lacked activity

Schafle D, et al. AAC 2021



DDI with rifampicin and rifabutin

* Rifampicin powerful inducer of

* |Intestinal and liver CYP450
isoenzymes (PXR activation)

* P-glycoprotein

 Rifabutin less powerful inducer
but sensitive to CYP3A4 inhibition
(boosted-Pl/rifabutin DDI)

* Enzyme induction takes 2-4
weeks to reach its top and it may
persist for 2-4 weeks after drug
discontinuation

Drug/Drug Class

Comments

HMG-CoA Reductase Inhibitors
(Simvastatin, Atorvastatin, Pravastatin)

Anticoagulants (Oral Coumarins)

Contraceptives (Oral)

Cyclosporine

Digitoxin/Digoxin

Glucocorticoids
[traconazole
Ketconazole

Methadone

Midazolam/Triazolam
Phenytoin
Propafenone
Quinidine

Tacrolimus

Theophylline

Calcium Channel Blockers (Verapamil, Diltiazem,

Nifedipine)

Monitor lipid panel; increased dose will likely be needed for select HMG-CoA reductase
inhibitors

Monitor international normalized ratio; increased anticoagulant dose will likely be needed

Use alternative form(s) of birth control; counsel patient and document in chart

Monitor serum cyclosporine concentrations; increased dosage will likely be needed

Monitor arrhythmia control, signs and symptoms of heart failure, and serum digitoxin/digoxin
concentrations

Increase dose of glucocorticoid 2 - to 3-fold

Prefer to avoid use with rifampin; if must use, increase dose and monitor response

Avoid concomitant use if possible; if must use, increase dose and monitor response; space
ketoconazole and rifampin doses by 12 h

Increase methadone dose with concomitant rifampin; monitor and control withdrawal
symptoms

Prefer to avoid use with rifampin; use another agent if possible

Monitor serum phenytoin concentrations and seizure activity; increase dosage if needed

Monitor clinical response; increased dose may be needed, or use another agent if possible

Monitor serum quinidine concentrations and arrhythmia control; increase dosage if needed

Monitor serum tacrolimus concentrations and clinical response; increased dose may be
needed, or use another agent if possible

Monitor serum theophylline concentratrions; increase dosage if needed

Alternative class of agents should be considered; dosage increase may be needed; monitor
clinical response




Rifamycin

Rifampin

Rifabutin

Rifapentine

DDI with rifampicin and ritfabutin

Rifamycin pharmacokinetic
characteristics

MEtabolized by esterases
Autoinduction of metabolism

Metabolized by esterases and
CYP3A4
Autoinduction of metabolism

Metabolized by esterases

Rifamycin observed or predicted effects on transporters and P450 enzymes expressed as AUC

ratio (AUC in presence/absence of rifamycin)

Transporters (probe drug used)

Key P450 Enzymes (probe drug used)

P-gp (total dabigatran)
0.33"

0.81'2

Human data not available

BCRP (rosuvastatin)

Minimal**

Minimal*?

Human data not available

1A2 (caffeine)
0.61%°

0.98%

Human data not available

2C9 (S-warfarin) 2C19 (lansoprazole) 3A4 (midazolam)

0.45° 0.16* 0.121°

0.60%° 0.22%° 0.34%

Human data not available Human data not available 0.07%°

Other transporters/enzymes :

Glucuronosyl-transferases
Sulfotransferases

CYP 2A6, 2B6, 2C8
OATP1B1, OATP1B3

OATP1B3



What would you do in a patient with bronchiectasis,
symptoms, lung nodules, MAC and Aspergillus on BAL
culture that needs antineoplastic chemotherapy?

1. Treat Aspergillosis first and MAC afterwards

2. Treat Aspergillosis with voriconazole and MAC with
rifampicin/ethambutol/azithromicine

3. Treat Aspergillosis with voriconazole and MAC with
rifabutin/ethambutol/azithromicine

4. Treat Aspergillosis with voriconazole and MAC with
moxifloxacin/ethambutol/azithromicine

5. Treat Aspergillosis with L-Amb and MAC with
rifampicin/ethambutol/azithromicine




Voriconazole and rifamycins

{2 . 3 case reports of VORICO + RIFABUTIN
No ot el Vorico dosed 3 times/day after TDM
Phenytoin/Rifampicin

CYP2C19
loss of
function

Prednisolone

[ CHEST Pearls ] %CHEST

Methylprednisolone

Dexamethasone

genes

| A 30-Year-Old Immune Deficient Woman (@ eweckirupsses,
o 1 2 3 4 5 & 1 8 With Persistent Cough and Shortness of

Short-term ritonavir

Voriconazole trough concentration (mg/L) Breath
(b) No DDI Daffolyn Rachael Fels Elliott, MD, PhD, Michael P. Combs, MD, Anil K. Attili, MD, and Carol F. Farver, MD
0
1 + St John's wort " )
CASE PRESENTATION: A 30-year-old woman was referred with increasing shortness of breath
s - and cough in the setting of GATA2 deficiency. She initially presented 9 years previously with
CYP2C19 Ry ORI Eic) recurrent episodes of pneumonia and sinusitis. Genetic testing revealed a heterozygous
) GATA2 mutation (c.988C>T). She has since had multiple infections that have included
IOSS Of Prednisolone necrotizing fasciitis of the right thumb, recurrent pilonidal infections (which required 23
procedures), esophageal candidiasis, and human papillomavirus-positive high-grade squa-
fu nctlon Methylprednisolone mous intraepithelial lesion of the cervix. Serial bone marrow biopsy specimens showed
persistent hypocellularity (20% to 60%) with intermittent erythroid atypia and variable
g enes Dexamethasone detection of trisomy 8, which were concerning for evolving myelodysplastic syndrome. One
year before the current admission, she was diagnosed with disseminated Mycobacterium
B - T e avium complex and was treated with rifabutin, ethambutol, and azithromycin. She was taking
Short-term ritonavir . . . . .
. . _ . : voriconazole, acyclovir, and trimethoprim-sulfamethoxazole prophylaxis.
0 2 4 6 8 10 12 14 CHEST 2021; 160(4):e343-e346

Voriconazole trough concentration (mg/L)

Dolton MJ, et al. International Journal of Antimicrobial Agents (2014); Schwiesow JN, et al. Pharmacotherapy, 2008 ; Debraine C. Fundam Clin Pharmacol, 2014; Elliott DRF, et al. Chest 2021.



Clofazimina

Farmaco molto lipofilo (volume di
distribuzione 1470 litri) e con lunga
emivita (fino a 70 giorni)

Meccanismo incerto:

Si accumula nella parete cellulare dei
batteri (o satura la componente lipidica)

= Nessun effetto nei primi 7-14 giorni (TB)

Potenziale meccanismo immunomediato
= Inibizione canali K, 1.3 (aumento attivita Linfociti T)

Ammermann NC, et al. JAC 2017; Strydom M, et al. PlosMedicine 2019; Faouzi M, et al. BJP 2015

A. Linezolid

B. Clofazimine




Open Forum Infectious Diseases
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OXFORD

Clinical Outcomes of Clofazimine Use for Rapidly
Growing Mycobacterial Infections

George B. Carey,' Pablo Tebas,” Christopher Vinnard,® Deborah Kim,” Denis Hadjiliadis,’ John Hansen-Flaschen,’ Daniel Dorgan,’ Laurel Glaser,®
Grant Barton,’ and Keith W. Hamilton?

'Department of Medicine, Yale-New Haven Hospital, New Haven, Connecticut, USA, “Division of Infectious Diseases, Hospital of the University of Pennsylvania, Philadelphia, Pennsylvania, USA,
*Public Health Research Institute, New Jersey Medical School, Newark, New Jersey, USA, “Division of Pulmonary, Allergy and Critical Care, Hospital of the University of Pennsylvania, Philadelphia,
Pennsylvania, USA, *Department of Pathology and Laboratory Medicine, Hospital of the University of Pennsylvania, Philadelphia, Pennsylvania, USA, and ®Division of Internal Medicine, Corporal
Michael J. Crescenz VA Medical Center, Philadelphia, Pennsylvania, USA

Background. Rapidly growing mycobacteria (RGM) have high rates of intrinsic antibiotic resistance and require prolonged an-
tibiotic therapies associated with considerable toxicity. Less toxic and more effective therapies are needed. One promising agent is
clofazimine (CFZ), an antibiotic with favorable in vitro data but limited clinical data in RGM.

Methods. We performed a retrospective cohort study of all patients treated for RGM infection with a CFZ-containing reg-
imen in the University of Pennsylvania Health System between January 1, 2010, and December 31, 2016. The primary outcome
was clinical cure, defined as no evidence of clinical or microbiologic infection recurrence 1 year after the completion of treatment.
Secondary outcomes included clinical, radiologic, and microbiologic response; all-cause mortality; infection-specific mortality; and
treatment-related adverse events. Descriptive and unadjusted analyses were performed to elucidate associations between pertinent
demographic and comorbidity data, clinical presentation, treatment history, and treatment outcomes.

Results. We treated 55 patients with CFZ for RGM infection during the study period, in combination with a median of 5 other
antibiotic agents during each treatment course. Clinical cure with initial treatment regimen was achieved in 43% of patients with
pulmonary infection and 71% of patients with nonpulmonary infection. CFZ was well tolerated in our cohort and was discontinued
prematurely in 20% of patients, but only in the context of discontinuing all antibiotic agents.

Conclusions.  As part of multidrug therapy, CFZ is well tolerated and may be effective in patients with RGM infection, especially
nonpulmonary and non-Mycobacterium abscessus complex infections.
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Cura “clinica” nel 43% dei casi

absence of clinical, microbiologic, or

radiographic evidence of recurrent
infection for 21 year after cessation of
CFZ-containing therapy

Carey GB, et al. Open Forum Inf Dis 2019



Clofazimine — new data

 Kim DH, et al. J Clin Med 2021

» 238/303 isolates low MICs (< 0.25 pg/mL) including R-strains (47/57 and
32/35)

* In 38 NTM-PD patients without resistance 47% achieved culture conversion
(higher in the MIC £ 0.25 pg/mL group) vs. 20% in patients with CLA or AMK-R



Inhaled liposomial amikacin

Immdiatel After _or Post

32 pg/mL 64 pg/mL 128 pg/mL

ALIS
3.Hours Post ‘6 Hours Post
b
T
Free
Ami

Pt fint

12 Hours Post ¢4 Hours Post

Weers J, et al. J Aeros Med and Pulm Drug Del 2009; Zhang J, et al. Frontiers in Microbiol 2018



Amikacin liposome inhalation suspension (ALIS)

Double-Blind Phase : Open-Label Phase*
(Days 1-84) : (Days 85-168)

 Double-blind e poi open label, fase |l

* 590 mg ALIS vs. placebo, 84 giorni in °°

aggiunta a una multiterapia
* 89 pazienti con NTM-PD refrattaria R

Mean Change From Basel

* 64% MAC, 36% MYC ABS

e Obiettivo primario non raggiunto ma
obiettivi secondari microbiologici e
funzionali a favore di ALIS (6EMWT)

* Lieve aumento di tosse e disfonia nel =
braccio ALIS wl o el s Bem

Baseline Day 28 Day 56 Day 84
LAl: n = 5/44 LAL: n = 10/44 LAl n=11/44 LAl: n = 14/44
PBO: n = 5/45 PBO: n = 5/45 PBO: n = 4/45 PBO: n = 4/45

Study Day

Olivier KN, et al. Am J Resp Crit Care Med 2017



Amikacin liposome inhalation suspension (ALIS)

Open label, randomizzato, fase Il

ALIS + Gudelines-based treatment vs.
GBT (2:1) (MAC-PD, dopo almeno 6 mesi
di GBT)

224 ALIS + GBT vs. 112 GBT

Conversione coltura in 29% (ALIS) vs.
8.9% (GBT) (OR 4.22, p<0.001)

Aumento di tosse, dispnea e disfonia nel
braccio ALIS (soprattutto primo mese)

Discontinuaizone <3%, SAEs non differenti
Tinnitus 7.6 vs. 0.9% (meta autorisoltisi)

Griffith DE, et al. Am J Resp Crit Care Med 2018;

| W ALIS + GBT (n=224)
35 - [ GBT alone (n=112)

30 +

25 +
Adjusted OR (95% Cl)

i =4.22 (2.08-8.57)

P < 0.001

15

10 ~

4.9 5 4
5 _
n= 53 ghl 61 10 65 10

Basellne Month 1 Month 2 Month 3 Month 4
ALIS + GBT GBT Alone

Percentage of Patients
N
o

40
35
30 -
25 -
20
S 151 o 15 -
O

5 10- | 10 -

tage of Patients

Study Month
=O— Dysphonia -1 Dyspnea --@- Fatigue --#- Nausea
== Cough =/ Oropharyngeal pain --#- Diarrhea --A- Hemoptysis

Shirley M, Drugs 2019



Open Forum Infectious Diseases

Positive Effect of Liposomal Amikacin

for Inhalation On Myco bacterium Table 1. Characteristics of the 5 Patients Treated With Liposomal Amikacin for Inhalation

: : : . s Before LAl After LAl (Most Recent Visit)
abcessus 1n Cystic Fibrosis Patients
Positive MAB Body Mass VEMS FVC (% of Most Recent Body Mass VEMS FVC
Year of First MAB Cultures Before  First LAl Treatment Index (% of Predicted Predicted  Visit at CF Index (% of Predicted (% of Predicted Positive MAB  Negative MAB
Davide Caimmi'1'2 Nicolas Manocq’1 De'phine Trio'eyre’1 Patient ID  Birth Genetic Mutations Infection Treatment Prescription Compliance (kg/m?) Value) Value) Center (kg/m?) Value) Value) Cultures Cultures
Catherine Guinet' Sylvain Godreuil 3 Thomas Daniel." and Raphael Chiron’ 1% 2000 DF508/W846 12/2013 7 03/2016 Good 15.9 52% 71% 072017 174 (+15)  71% (+19%)  79% (+8%) isince 4 since 09/2016
' ! ' 03/2016 (6 months
. . . ~ - . . . . 0 after treatment)
"Cystic Fibrosis Center, Hopital Arnaud de Villeneuve, Centre Hospitalier Universitaire de 09/2016
Montpellier, Univ l\/lontpellier, France; 2Ep]dgmiomw of Allergic and Hespiratory Diseases 2 1983 DF508/R347P 05/2008 26 03/2016 (* Drop out after 174 27% 56% 06/2017 175 (+0.1)  25% (-2%) 51% (~5%) 9since 0
. ., . . 2 months 03/2016
Department (EPAR), Sorbonne Université, French Institute of Health and Medical Research 3 1959 G542X/3849 + 10kb C >T  02/2011 1 04/2016 Good 186 33% 64% 05/2017  20.6(+2.0) 34% (+1%)  66% (+2%) Isince  3since 08/2016
(INSERM), Institut Pierre Louis d'Epidémiologie et de Santé Publique, Paris, France; and 0a/2016 ifeamt::et:;
3Department of Microbiology, University Hospital of Montpellier, France 08/2016
4 1995 S364P/S364P 05/2016 14 122016 ( Drop out after 171 61% 83% 072017 16.8(-03) 56% (-5%)  69% (~14%) 2 since 0
1 month 12/2016
. . . . 5 2005 DF508/DF508 05/2016 5 12/2016 Good 14.0 60% 65% 06/2017  16.0(+2.0)  75% (+15%)  83% (+18%) 1 since 3 since 01/2017
Mycobacterium abscessus is difficult to eradicate. At the 122006 2 months
0 after treatment)
Montpellier CF Center, we prescribed liposomal amikacin o017

for inhalation to 5 patients with M abscessus infection. The 3
patients who completed the treatment did not have any respira-
tory exacerbation, showed negative cultures for M abscessus in
their sputum, and stabilized their spirometric functions.

Caimmi D, et al. Open Forum Infect Dis 2017



Amikacin Liposome Inhalation Suspension
Follow up of the CONVERT trial in sputum converters by month 6

Converters, %

100%
90%
80%
70% -
60%
50%
40%
30%
20%
10% -

End of treatment

3 mo off treatment 12 mo off treatment
(up to 16 mo)

80.0% <

0%

ALIS + GBT GBT alone ALIS + GBT GBT alone ALIS + GBT GBT alone
(n = 65) (n =10) (n = 65) (n=10) (n = 65) (n=10)

H Culture negative (12 mo treatment)
l Culture negative (< 12 mo treatment)
@ Reinfection

[ Relapse

O Other (no data)

Griffith DE, et al. Chest 2022



Amikacin Liposome Inhalation Suspension
A 12-Month Open-Label Extension Clinical Trial

e Adults with refractory MAC
lung disease not achieving
culture conversion by
CONVERT Month 6 could
enroll in this open- label
extension (INS-312) to
receive 590 mg once-daily
ALIS1GBT for 12 months.

e ALIS-naive and prior-ALIS
(max 8 months)

Characteristic

Age, mean (SD), years
Female, n (%)
Body mass index, mean (SD), kg/m?
Race, n (%)
White
Asian: Japanese
Asian: other
Black/African American
Multiracial
Not reported

Respiratory, thoracic, and mediastinal disorders, n (%)*

Bronchiectasis

COPD

Cough

Pulmonary cavitation

Dyspnea

Asthma

Hemoptysis

Pulmonary mass

Dysphonia

Emphysema
Clarithromycin-resistant MAC, n (%)%
Current smoker, n (%)!!
Duration of NTM disease, median (range), years

Total (N=163)

64.8
105
20.8

.8
.8

—
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Amikacin Liposome Inhalation Suspension
A 12-Month Open-Label Extension Clinical Trial

Table 3. Prior-ALIS cohort: safety profile among patients with up to 8 months of ALIS

Table 2. ALIS-naive cohort: safety profile among patients who added ALIS at baseline

(safety population)

Parameter ALIS-Naive Cohort
(N=90)
Any TEAE 90 (100)
Grade 1: mild 21 (23.3)
Grade 2: moderate 33 (36.7)
Grade 3: severe 29 (32.2)
Grade 4: life threatening 3 (3.3
Grade 5: death 4 (4.4)
TEAE in =10% of patients
Dysphonia 39 (43.3)
Cough 32 (35.6)
Dyspnea 16 (17.8)
Fatigue 13 (14.4)
Hemoptysis 11 (12.2)
Infective exacerbation of bronchiectasis 11 (12.2)
Nausea 9 (10.0)
Diarrhea 9 (10.0)
TEAE: pulmonary exacerbation* 29 (32.2)
TEAE leading to discontinuation of ALIS 22 (24.4)
TEAE leading to discontinuation of GBT 8 (8.9
TEAE leading to discontinuation of ALIS and GBT 5 (5.6)
TEAE leading to death 4 (4.4)
COPD exacerbation 1(1.1)
Acute respiratory failure’ 1(1.1)
Pneumothorax 1(1.1)
Pulmonary fibrosis progression* 1(1.1)
Any serious TEAES 32 (35.6)
Serious TEAE occurring in =3% of patients
MAC infection worsening or progression 5 (5.6)
Pneumonia 4 (4.4)
COPD exacerbation 4 (4.4)
Infective exacerbation of bronchiectasis 3(3.3)
Serious TEAE: pulmonary exacerbation 17 (18.9)
j I I i i 9 (10.0)
Respiratory TEAEs of special interest
Bronchospasm
Dyspnea 16 (17.8)
Wheezing 5 (5.6)
Bronchospasm 2(22)
Dyspnea exertional 2 (2.2)
nfective exacerbation of underlying disease
Infective exacerbation of bronchiectasis 11 (12.2)
COPD exacerbation 6 (6.7)
Hemoptysis
Hemoptysis 11 (12.2)
Allergic alveolitis
Interstitial lung disease 1(1.1)
TEAEs of special interest typically associated with parenteral amikacin
Ototoxicity
Hearing loss!! 7 (7.8)
Tinnitus 6 (6.7)
Dizziness 5 (5.6)
Vertigo 2 (22
Balance disorder 1(1.1)
Nephrotoxicity
Hematuria 5 (5.6)
Renal impairment 3 (3.3
Blood creatinine increased 222
Leukocyturia 1(1.1)
Proteinuria 1(1.1)
Neuromuscular disorders
Peripheral neuropathy 1(1.1)
Balance disorder 1(3.1)

Winthrop KL, et al. Annals ATS 2021

exposure at baseline (safety population)

Parameter

Any TEAE
Grade 1: mild
Grade 2: moderate
Grade 3: severe
Grade 4: life threatening
Grade 5: death
TEAE in =10% of patients
Hemoptysis
Nasopharyngitis
Cough
Dyspnea
TEAE: pulmonary exacerbation*
TEAE leading to discontinuation of ALIS
TEAE leading to discontinuation of GBT
TEAE leading to discontinuation of ALIS and GBT
TEAE leading to death
COPD exacerbation
Lower respiratory tract infection
Any serious TEAET
Serious TEAE occurring in =3% of patients
Pneumonia
Serious TEAE: pulmonary exacerbation
Serious TEAE leading to discontinuation of ALIS

Prior-ALIS Cohort (N=73)
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Neuromuscular disorders
Peripheral neuropathy
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Amikacin Liposome Inhalation Suspension
A 12-Month Open-Label Extension Clinical Trial

A A
ALIS-Naive: patients added ALIS at baseline (N=90) _, Prior-ALIS: up to 8 mos ALIS exposure at baseline (N=73)
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Winthrop KL, et al. Annals ATS 2021



Inhaled Amikacin for Mabs

82 TT naive patients with
Mabs, 2015-2018

During the initial phase, all
patients received IV amikacin,
imi?enem (or cefoxitin), and
oral azithromycin.

Oral clofazimine was added in
cases of M abscessus
subspecies abscessus or M
abscessus subspecies
massiliense with cavitary
lesions.

During the continuation phase,
amikacin was changed from an

injectional to inhalational form.

TABLE 3 | Treatment Outcome 12 Months After Initiation of Treatment

Outcome Total (N = 82) M massiliense (n = 46) M abscessus (n = 36) P Value
Symptomatic response .047
Improved 72 (88) 44 (96) 28 (78)
Unchanged 4 (5) 1(2) 3 (8)
Worsened 6 (7) 1(2) 5 (14)
Radiographic response on CT scan .002
Improved 64 (78) 42 (93) 22 (61)
Unchanged 7 (9) 3(7) 4 (11)
Worsened 11 (13) 1(2) 10 (28)

Culture conversion® 56 (68) 44 (96) 12 (33) < .001
Time to conversion, mo 1.0 (0.9-1.2) 1.0 (0.9-1.2) 1.0 (0.9-8.1) .527
Microbiologic cure® 55 (67) 44 (96) 11 (31) < .001
Cure® 53 (65) 42 (91) 11 (31) < .001
Clinical cure® 6 (7) 0 (0) 6 (17) < .001




Tedizolid

 Linezolid associato a scarsa
tollerabilita—> 45% eventi avversi (NTM)

 Tedizolid

M. avium log4q cfu/mL

24% neuropatia periferica, 9% intolleranza
Gl, 8% anemia, 6% PLTpenia

200 mg QD

Migliore tollerabilita e minore incidenza
sindrome serotoninergica

Migliore penetrazione nell’ELF
Maggiore attivita in vitro

Buone MIC per NTM (lievemente peggiori
per abscessus)

M. abscesus log cfu/mL

Days

Winthrop KL, Eur Resp J 2015; Ruth MM, et al. JAC 2019
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Tedizolid

L))

Prolonged tedizolid use in cutaneous non-tuberculous | Clarithromycin A )
] 1

mycobacterial infection 500mg BD (cral)
. . b, b d Tobramycin 1 !
Timothy David Shaw ", Mark Smyth °, Graham Turner “, Michael Hunter 3mg/kg/day (IV) ¥ 1

# Wellcome-Wolfson Institute for Experimental Medicine, Queen’s University Belfast, Belfast, UK . . .

Y Department of Medical Microbiology, Belfast Health and Social Care Trust, Belfast, UK Imlpenemlc“smtln I I
¢ Gastroenterology Unit, Belfast Health and Social Care Trust, Belfast, UK

d Infectious Diseases Unit, Belfast Health and Social Care Trust, Belfast, UK

Tigecycline L 1
50mg BD (IV) y '
ARTICLE INFO ABSTRACT
Keywords: Cutaneous non-tuberculous mycobacterial (NTM) infections are an emerging infectious disease and require a Linezolid ’_|
Non—tuberc'ulous mycobacteria protracted course of combination antibiotics. Antimicrobial choice is limited by resistance and toxicity. Tedizolid GOOmg BD (IV)
Mycobacterium chelonae is a new oxazolidinone antibiotic with in vitro activity against some NTM, but its use in the management of
-}z;;;ﬂ;\il:nonary infection extrapulmonary NTM has not been described. We report on the utility of prolonged tedizolid use (8 months), Tedizolid N N
after linezolid intolerance, in combination therapy in a case of difficult Mycobacterium chelonae cutaneous 200mg BD (IV) ! !

infection. Although tedizolid contributed to clinical remission, it may have also contributed to a multifocal
peripheral neuropathy. Its efficacy may also have been limited by continued immunosuppression, with evidence

vt wih cation, i combinaton terepy for Aot case o orancors NT tmeton, 3507
Skin lesions from M. chelonae in a patient ~ ]
treated with mycofenolate (after steroids) E z:z-
€
3
« MOXR, TMP/SFX R, DOX R, AMK I, LZD | i
 severe thrombocytopenia with LZD a %7
* irreversible bilateral sensorineural 507
hearing loss and peripheral neuropathy R L L L I S S UL LIS S BN UL S S S

. . L. 0 30 60 90 120 150 180 210 240 270 300 330 360 390 420
(Wlth neuropathlc pain in both feet) Days from start of antimicrobial therapy

Shaw TD, et al. Journal of Clinical Tuberculosis and Other Mycobacterial Diseases 2021



Tedizolid vs. Linezolid in SOT recipients

* Single-center, retrospective, US, 2010-2019
* 24 patients: 15 TDZ vs. LZD

* Mabs (1 M. chelonae)

* No differences were identified comparing the effects of tedizolid vs
linezolid on platelet counts, ab- solute neutrophil counts (ANCs), and
hemoglobin over 7 weeks using mixed-effects analysis of variance models.

 ANC was significantly decreased in both groups after 7 weeks of therapy (P = .04).

* Approximately 20% of patients in each arm discontinued therapy due to an
ADE (no peripheral neuropathy)

e Seven of 12 (58%) and 2 of 3 (67%) patients were cured or clinically cured
with TDZ- and LZD-containing regimens, respectively.

Poon YK, et al. OFID 2021



Bedaquilina

In Vitro Activity of Bedaquiline and Delamanid against
Nontuberculous Mycobacteria, Including Macrolide-Resistant
Clinical Isolates

Dae Hun Kim, Byung Woo Jhun, Seong Mi Moon,? Su-Young Kim,® Kyeongman Jeon,® O Jung Kwon,? Hee Jae Huh,®
Nam Yong Lee,® Sung Jae Shin,<<-¢ Charles L. Daley,”9 Won-Jung Koh?

aDivision of Pulmonary and Critical Care Medicine, Department of Medicine, Samsung Medical Center, Sungkyunkwan University School of Medicine, Seoul, South Korea
bDepartment of Laboratory Medicine and Genetics, Samsung Medical Center, Sungkyunkwan University School of Medicine, Seoul, South Korea

Department of Microbiology, Yonsei University College of Medicine, Seoul, South Korea

dInstitute for Immunology and Immunological Disease, Yonsei University College of Medicine, Seoul, South Korea

eBrain Korea 21 PLUS Project for Medical Science, Yonsei University College of Medicine, Seoul, South Korea

Division of Mycobacterial and Respiratory Infections, National Jewish Health, Denver, Colorado, USA

9Department of Medicine, University of Colorado, Aurora, Colorado, USA

ABSTRACT We evaluated the in vitro activities of the antimicrobial drugs bedaqui-
line and delamanid against the major pathogenic nontuberculous mycobacteria
(NTM). Delamanid showed high MIC values for all NTM except Mycobacterium kansa-
sii. However, bedaquiline showed low MIC values for the major pathogenic NTM, in-
cluding Mycobacterium avium complex, Mycobacterium abscessus subsp. abscessus, M.
abscessus subsp. massiliense, and M. kansasii. Bedaquiline also had low MIC values
with macrolide-resistant NTM strains and warrants further investigation as a poten-
tial antibiotic for NTM treatment.

In Vitro Activity of Bedaquiline against
Nontuberculous Mycobacteria in China

Yu Pang,® Huiwen Zheng,® Yaoju Tan,c Yuanyuan Song,® Yanlin Zhao*

National Clinical Laboratory on Tuberculosis, Beijing Key Laboratory on Drug-Resistant Tuberculosis Research,
Beijing Chest Hospital, Capital Medical University, Beijing Tuberculosis and Thoracic Tumor Institute, Beijing,
China?; National Center for Tuberculosis Control and Prevention, Chinese Center for Disease Control and
Prevention, Beijing, China®; Department of Clinical Laboratory, Guangzhou Chest Hospital, Guangdong
Province, Guangzhou, China“

ABSTRACT The main goal of our study was to evaluate the in vitro bedaquiline sus-
ceptibility of six prevalent species of pathogenic nontuberculous mycobacteria
(NTM) in China. In addition, we investigated the potential molecular mechanisms
contributing to bedaquiline resistance in the different NTM species. Among slowly
growing mycobacteria (SGM), bedaquiline exhibited the highest activity against My-
cobacterium avium; the MIC5, and MICy, values were 0.03 and 16 mg/liter, respec-
tively. Among rapidly growing mycobacteria (RGM), Mycobacterium abscessus subsp.
abscessus (M. abscessus) and Mycobacterium abscessus subsp. massiliense (M. massil-
iense) seemed more susceptible to bedaquiline than Mycobacterium fortuitum,
with MIC;, and MIC,, values of 0.13 and >16 mg/liter, respectively, for both
species. On the basis of bimodal distributions of bedaquiline MICs, we proposed
the following epidemiological cutoff (ECOFF) values: 1.0 mg/liter for SGM and 2.0
mg/liter for RGM. Among M. avium, Mycobacterium intracellulare, Mycobacterium
kansasii, M. abscessus, M. massiliense, and M. fortuitum isolates, 14 (29.8%), 41
(27.2%), 33 (39.3%), 44 (20.2%), 42 (25.8%), and 7 (31.8%), respectively, were re-
sistant to bedaquiline. No significant differences in the proportions of bedaqui-
line resistance among these species were observed (P > 0.05). Genetic mutations
were observed in 74 isolates (10.8%), with all nucleotide substitutions being syn-
onymous. In conclusion, our data demonstrate that bedaquiline shows moderate
in vitro activity against NTM species. Using the proposed ECOFF values, we could
distinguish between bedaquiline-resistant and -susceptible strains with the broth
dilution method. In addition, no nonsynonymous mutations in the atpE gene
that conferred bedaquiline resistance in all six NTM species were identified.

Pang Y, et al. AAC 2017; Kim DH, et al. AAC 2019
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Bedaquilina (2)
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Brown-Elliott BA, et al. AAC 2019; Ruth MM, et al. JAC 2019
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Bedaquiline

DISPATCHES

Bedaquiline as Treatment for
Disseminated Nontuberculous
Mycobacteria Infection in 2
Patients Co-Infected with HIV

Eliza Gil, Nicola Sweeney, Veronica Barrett, Stephen Morris-Jones,
Robert F. Miller, Victoria J. Johnston, Michael Brown

Colonic perforation
secondary to rectal trauma
- emergency Hartmann'’s

procedure
- 2 months later fevers,

breathlessness, and a
purulent exudate at the
abdominal wound site

- Mabs

Well controlled HIV
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Efficacy and safety of tigecycline for Mycobacterium abscessus disease

Yong-Soo Kwon * \"}*&Adrah Levin °, Shannon H. Kasperbauer ™¢, Gwen A. Huitt >¢,
Charles L. Daley >¢ "

@ Department of Internal Medicine, Chonnam National University Hospital, Gwangju, South Korea 17.4%
7’
b Division of Mycobacterial and Respiratory Infections, National Jewish Health, Denver, CO, USA

¢ Department of Medicine, University of Colorado, Denver, CO, USA

MICRO CLIN RADIO

ARTICLE INFO ABSTRACT <
Keywords: Purpose: Mycobacterium abscessus disease is one of the most difficult mycobacterial infections to cure, as the TO L L E RA BI L I TA
Nontuberculous mycobacteria bacterium is highly resistant to conventional antibiotics. The purpose of this study was to evaluate the efficacy

My CObac.t erium abscessus and safety of tigecycline treatment of M. abscessus disease.

Eﬁiz;hne Procedure: We performed retrospective chart reviews of patients with M. abscessus disease receiving tigecycline-

Safety containing regimens at National Jewish Health from January 2009 to December 2017.

Main findings: Among the 35 patients, pulmonary disease was the most common presentation of M. abscessus
disease (n=29, 82.9%). Of those receiving tigecycline treatment, 17.4% (4/23) showed microbiological
improvement (>2 consecutive negative sputum cultures), while 86.2% (25/29) and 59.3% (16/27) showed
symptomatic and radiological improvements, respectively. The rate of dose reduction or discontinuation of
tigecycline owing to adverse drug reactions was 57.1% (20/35) at a median of 56.5 days (IQR 10.8-122.3). The
most common adverse drug reactions were gastrointestinal side effects, including nausea, vomiting, and
diarrhea.

Conclusions: Tigecycline-containing regimens for M. abscessus disease have a high rate of symptomatic and
radiological improvement. However, considering the poor microbiological response and the common adverse INTERRUZIONE RIDUZIONE DI DOSE
effects, selection of patients for tigecycline treatment and monitoring for adverse drug reactions should be
performed carefully.
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Potency of Omadacycline against Mycobacteroides abscessus
Clinical Isolates In Vitro and in a Mouse Model of Pulmonary

Infection

Danielle A. Nicklas,? Emily C. Maggioncalda,® Elizabeth Story-Roller,? Benjamin Eichelman,? Chavis Tabor,” Alisa W. Serio,”

Tiffany R. Keepers,” Surya Chitra,”  Gyanu Lamichhane®

=Division of Infectious Diseases, Department of Medicine, School of Medicine, Johns Hopkins University School of Medicine, Baltimore, Maryland, USA

bParatek Pharmaceuticals, Inc, King of Prussia, Pennsylvania, USA

Emily C. Maggioncalda and Elizabeth Story-Roller contributed equally to this study. Author order was determined alphabetically.

ABSTRACT The incidence of nontuberculous mycobacterial diseases in the United
States is rising and has surpassed that of tuberculosis. Most notable among the nontuber-
culous mycobacteria is Mycobacteroides abscessus, an emerging environmental opportunis-
tic pathogen capable of causing chronic infections. M. abscessus disease is difficult to
treat, and the current treatment recommendations include repurposed antibiotics, several
of which are associated with undesirable side effects. In this study, we have evaluated
the activity of omadacycline, a new tetracycline derivative, against M. abscessus using in
vitro and in vivo approaches. Omadacycline exhibited an MICy, of 0.5 wg/mL against a
panel of 32 contemporary M. abscessus clinical isolates, several of which were resistant to
antibiotics that are commonly used for treatment of M. abscessus disease. Omadacycline
combined with clarithromycin, azithromycin, cefdinir, rifabutin, or linezolid also exhibited
synergism against several M. abscessus strains and did not exhibit antagonism when com-
bined with an additional nine antibiotics also commonly considered to treat M. abscessus
disease. Concentration-dependent activity of omadacycline was observed in time-kill
assessments. Efficacy of omadacycline was evaluated in a mouse model of lung infection
against four M. abscessus strains. A dose equivalent to the 300-mg standard oral human
dose was used. Compared to the untreated control group, within 4 weeks of treatment,
1 to 3 log,, fewer M. abscessus CFU were observed in the lungs of mice treated with
omadacycline. Treatment outcome was biphasic, with bactericidal activity observed after
the first 2 weeks of treatment against all four M. abscessus strains.

KEYWORDS omadacycline, Mycobacterium abscessus, pulmonary infection

ycobacteroides abscessus (formerly Mycobacterium abscessus) (1) is an environmental
nontuberculous mycobacterium (NTM) and a causative pathogen of pulmonary and
soft tissue infections, among others. This organism has been described as a “clinical and anti-
biotic nightmare” (2, 3), as it demonstrates intrinsic resistance to a wide range of antibiotic
classes (4, 5). As only a few oral antibiotics show activity against M. abscessus, the current
treatment regimen, which requires regular and frequent administration of intravenous drugs
is a logistical challenge for patients. Acquired resistance to important antibiotic classes, par-
ticularly macrolides and aminoglycosides, has further limited therapeutic options. Therefore,
M. abscessus disease treatment is challenging, and there are currently no FDA approved
treatment agents or regimens for this indication. Current treatment options include repur-
posed antibiotics and regimens developed on the basis of empirical evidence and consensus
from experts (6-10). Cure rates using antibiotics alone are as low as 25 to 40% (11, 12).
M. abscessus is one of the most frequently recovered NTM from patients, causing
~10% of all NTM pulmonary infections (13). It was the second most common NTM

January 2022 Volume 66 Issue 1 e01704-21 Antimicrobial Agents and Chemotherapy
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Epetraborole Is Active against Mycobacterium abscessus

Uday S. Ganapathy,® ’ Martin Gengenbacher,*® {2 Thomas Dick*><

aCenter for Discovery and Innovation, Hackensack Meridian Health, Nutley, New Jersey, USA
bDepartment of Medical Sciences, Hackensack Meridian School of Medicine, Nutley, New Jersey, USA
“Department of Microbiology and Immunology, Georgetown University, Washington, DC, USA

ABSTRACT Benzoxaboroles are a new class of leucyltRNA synthetase inhibitors. We
recently reported that the antitubercular 4-halogenated benzoxaboroles are active against
Mycobacterium abscessus. Here, we find that the nonhalogenated benzoxaborole epetra-
borole, a clinical candidate developed for Gram-negative infections, is also active against
M. abscessus in vitro and in a mouse model of infection. This expands the repertoire of
advanced lead compounds for the discovery of a benzoxaborole-based candidate to treat
M. abscessus lung disease.

KEYWORDS epetraborole, Mycobacterium abscessus, NTM, nontuberculous
mycobacteria, benzoxaborole

ycobacterium abscessus lung disease is notoriously difficult to treat due to the bac-

terium’s high intrinsic drug resistance (1, 2). In addition to resistance to all first-line
tuberculosis (TB) drugs, M. abscessus displays resistance to macrolides (3, 4), threatening
the current macrolide-based treatment regimens (2, 5). Therefore, new antibiotics with
novel targets and mechanisms of action are needed to treat this disease (6).

Benzoxaboroles are a class of boron-heterocyclic antimicrobials that target leucyl-tRNA
synthetase (LeuRS) (7). Acting through the oxaborole tRNA-trapping (OBORT) mechanism
(8), these compounds form adducts with uncharged tRNA molecules that subsequently
bind to the LeuRS editing domain, blocking protein synthesis. Following the discovery of
tavaborole (7, 8), a benzoxaborole with antifungal activity, this compound class was opti-
mized for antibacterial activity. Addition of a 3-aminomethyl group to the benzoxaborole
core improved interactions with the editing domain of Escherichia coli LeuRS, while a 7-O-
propanol substituent added a novel interaction with the phosphate backbone of tRNAtev
(9). Combining these modifications yielded epetraborole (Fig. 1), a clinical candidate with
potent activity against a broad range of Gram-negative bacteria (9, 10). The subsequent
addition of a 4-halogen group (particularly Cl or Br) improved antituberculosis activity
(11-13).

Recently, we reported that the antituberculosis 4-halogen benzoxaborole EC/11770
(Fig. 1) is active against M. abscessus in vitro and in vivo in a mouse infection model (14).
Here, we asked whether the anti-Gram-negative, nonhalogenated benzoxaborole epetra-
borole (Fig. 1) is active against M. abscessus. We first measured the MIC of this compound
against our screening strain M. abscessus subsp. abscessus Bamboo (15) in Middlebrook
7H9 medium using 96-well plates, as previously described (14). Surprisingly, epetrabor-
ole showed activity similar to that of the antitubercular EC/11770 (Table 1). Epetraborole
retained activity against culture collection reference strains for each of the three subspe-
cies of the M. abscessus complex and a panel of M. abscessus clinical isolates (16, 17)
(Table 1). Taken together, the anti-Gram-negative, nonhalogenated benzoxaborole epe-
traborole was active against the M. abscessus complex in vitro.

To confirm that epetraborole indeed exerts its antimycobacterial activity by targeting M.
abscessus LeuRS, we selected for epetraborole-resistant M. abscessus mutants (Table 2).
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FIG 1 Structures of epetraborole and EC/11770.
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FIG 2 Epetraborole is active against M. abscessus in vivo. Lung CFU (A) and spleen CFU (B) from NOD SCID
mice 1 day after intranasal infection with Mab (drug-free day 1) and following daily oral administration of
drug-free vehicle, clarithromycin (CLR), or epetraborole (EPB) for 10 days (day 11). Data represent the means
plus standard deviations from six mice per treatment group. Statistical significance of the results was
analyzed by one-way analysis of variance (ANOVA) multiple-comparison and Tukey’s posttests. *, P < 0.05;
** P < 001.



Disseminated NTM infections in patients with
anti-IFN gamma autoantibodies — treatment?

e Recent evidence has supported the use of rituximab in the management of
patients with anti-IFNy autoantibodies and disseminated opportunistic
infections.

* Rituximab decreases autoantibody titers, which improves IFNy signaling, leading to

better clinical outcomes.
e Serum anti-IFNy autoantibody titers often correlate with disease activity.

* Progressive infection despite improvement in titers has also been
described:
* Long-lived autoantibody producing plasma cells which are not targeted by CD20+ B-

cell depletion?
e Case report of bortezomib (proteosome inhibitor, used in multiple myeloma and

mantle cell ymphoma)

Browne SK, et al. Blood 2012; Rocco JM, et al. Journal of Translational Autoimmunity 2021
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Low PK targets in antiINTM treatment

TABLE 4. RESULTS OF PHARMACOKINETIC ANALYSES OF KEY ANTIMYCOBACTERIAL DRUGS

'IIIIIIIIIIIIII.

u n
Drug N Mean Daily Dose (mg/kg) Cmax = SD Cist = SD " % Low @ Cpax (M) = Mean AUCo¢/7 = SD
Rifampicin 326 9.62 = 1.63 18.76 * 6.61 6.20 = 3.13 1} 5% (17) E 68.42 = 24.26
Ethambutol 431 17.65 + 3.52 2.27 = 1.01 1.16 £ 0.51 = 48% (207) . 10.18 *= 4.35
Clarithromycin 59 14.33 = 5.09 2.31 = 1.89 1.32 = 1.51 - 56% (33) . 10.67 + 9.53
Azithromycin 367 6.71 + 2.48 0.33 = 0.23 0.18 = 0.13 = 35% (129) . 1.47 = 1.00
Moxifloxacin 96 6.73 = 1.60 4.42 = 1.46 2.86 =1.05 = 13% (12) . 18.81 = 6.46
Ciprofloxacin 17 12.04 = 4.08 3.60 = 2.04 1.41 £ 0.78 . 76% (13) . 13.61 = 7.58
Amikacin 113 15.05 + 3.62 55.30 = 16.88* 12.34 = 6.42 | n.a. - 152.82 = 50.83*
Clofazimine 17 1.62 = 0.28 0.43 = 0.19 0.44 = 0.19 = 53% (9) . 2.25 £ 0.96
Rifabutin 51 4.80 = 1.46 0.52 = 0.29 0.28 = 0.19 - 27% (14) . 2.28 = 1.31

tration; n.a. = not applicable.

* After backcalculation for Cp,ax (see METHODS).

van Ingen 2012, Am J Crit Resp Med 2012

S R EEEEEEEEEEEERN
Definition of abbreviations: AUC = area under the concentration time curve; Cj,: = final concentrations; C,,.x = maximum observed concen-



AZT Cmax and Treatment outcome

44 * ]
. Univariate analysis Multiple logistic regression®
., Therapy type Cooax (g/ml) by drug? Favorable responses Unfavorable responses OR (95% CI) p aOR (95% CI) p
34 Dail AZM 0.24 (0.14-0.51) 0.18 (0.08-0.35) 1.53 (1.01-2.31) 0.045 1.58 (1.01-2.48) 0.044
y
AZM =02 20/50 (55 2\ 19/05 (42 0\ L3Z.(0.53.3.26) 0503 145059
—E' I AZM =04 21/52 (40.4) 4/25 (16.0) 3.56 (1.07-11.86) 0.039 3.98 (1.06-14.85) 0.040
> . T T2 o) 197 (0.0-20-2) IAZAVAL D WLy 0.670 T.00 \U.m— : :
= . RIF =8.0 36/52 (69.2) 20/25 (80.0) 0.56 (0.18-1.76) 0.324 0.68 (0.19-2.38) 0.545
X 2 [ EMB? 3.4 (1.8-4.6) 2.4(1.7-3.5) 1.34 (0.79-2.25) 0.279 1.30 (0.73-2.31) 0.367
g o* EMB =2.0 37/52 (71.2) 17/25 (68.0) 1.16 (0.41-3.26) 0.777 1.14 (0.38-3.46) 0.810
O
. Intermittent AZM? 0.65 (0.18-1.31) 1.00 (0.18-1.44) 0.84 (0.59-1.19) 0.322 0.85(0.58-1.23) 0.379
. . AZM =0.2 54/73 (74.0) 12/16 (75.0) 0.95 (0.27-3.30) 0.932 1.01 (0.27-3.72) 0.991
RIF4 11.2 (3.0-21.6) 12.0 (6.5-19.5) 0.87 (0.64-1.18) 0.382 0.93 (0.67-1.27) 0.636
14 :o RIF =8.0 47/73 (64.4) 11/16 (68.8) 0.82 (0.26-2.62) 0.740 1.12 (0.33-3.84) 0.861
— EMB** 3.5 (2.0-5.6) 4.8 (3.0-6.6) 0.65 (0.35-1.21) 0.177 0.63 (0.33-1.23) 0.176
EMB =2.0 55/72 (76.4) 14/16 (87.5) 0.46 (0.10-2.24) 0.338 0.41 (0.08-2.13) 0.291
o v vITeed" T
) 1 I
MAC MAC MABC

daily therapy intermittent therapy

AZM Cmax (pg/mL)!
AZM Cmax < 0.2 pyg/mL

0.22 (0.13-0.47)
36/77 (46.8%)

0.66 (0.18-1.32)
23/89 (25.8%)

0.53 (0.29-0.77)
9/55 (16.4%)

Jeong BH, et al. AAC 2016



PK TISSUTALE: caseum vs. macrofagi
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CAM concentration (pg/mL)

The effect of RIF on CAM/14-OH-CAM

5 (@ 5 ®)
-x-CAM
-—-CAM+EB
-x-CAM
-o—CAM+EB+RFP CAM-+EB
Pharmacokinetic parameters of CAM and 14-OH CAM in CAM monotherapy and in CAM+EB and CAM-+EB-+RFP combination therapy in patients with Mycobacterium
—_ -o-CAM+EB+RFP avium complex lung disease.
é CAM 14-OH CAM
&
= CAM (n = 10) CAM+EB (n = CAM+EB+RFP (n = p- CAM (n = 10) CAM+EB (n = CAM+EB+RFP (n = P-
) 10) 9) value 10) 9) value
=}
2 AUCo.gast (pgeh/mL) 21.5 19.9 1.7 (1.4-1.8) 0.000 8.2 (6.3-9.3) 8.2 (7.3-9.3) 9.1 (7.3-10.9) 0.633
= (17.7-32.3) (14.3-31.3)
E AUC ratio (vs. CAM - 0.93 0.08 - 1.00 1.11
Q9 monotherapy)
g Cmax (pg/mL) 3.1(2.7-3.8) 2901.94.1) 0.4 (0.2-0.4) 0.000 0.8 (0.7-0.9) 0.9 (0.7-1) 1.5(1.2-1.5) 0.008
8 T (N 2. (2-2) 2. (2-2) 2.(2-4) 0.796 2 (9-2) 4(2-4) 2 (9-4) 0.247
T1/2 (h) 5.9 (5.3-9.8) 7.1 (4-11.9) 2.8 (2-3.2) 0.005 16.2 17 (12-56.5) 3.1 (2.5-4.7) 0.000
2 QA 24 A)
S 1 CL (L/h) 18.6 20.1 (13-28) 235.3(219.8-289.9)  0.000  49.3 48.7 (42.8-55)  43.9 (36.7-55.1) 0.633
[ (12.4-22.9) (42.9-63.2)
o
@)
<
—

2 AUC=area under the curve. ® The value are medians (IQRs).

Iketani O, et al. Journal of Infection and Chemotherapy 28 (2022) 61-66



RIF/AZT/ETB for MAC — hollow fiber model
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RIF PK and M. kansasi — hollow fiber model

We retrospectively collected clinical data from 33 patients with
M. kansasii pulmonary disease to determine the time-to-sputum
culture conversion (SCC) upon treatment with a standard
combination regimen consist of isoniazid-rifampin-ethambutol.

Next, MIC experiments with 20 clinical isolates were performed,
followed by a dose-response study with the standard laboratory
strain using the hollow-fiber system model of M. kansasii
infection (HFS-Mkn).

Finally, in silico clinical trial simulations were performed to
determine the clinical dose to achieve the optimal rifampin
exposure in patients.

The SCC rate in patients treated with combination regimen
containing rifampin at 10 m%/kﬁ of body weight/day was 73%,
the mean time to SSC was 108 days, and the mean duration of
therapy was 382 days.

The target attainment probability of the standard 10-mg/kg/day
dose fell below 90% even at the MIC of 0.0625 mg/L.

Despite the initial kill, there was M. kansasii regrowth with the
standard rifampin dose in the HFS-Mkn model. Doses higher
than 10 mg/kg/day, in combination with other drugs, need to
be evaluated for better treatment outcome.
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RIF PK and M. kansasi — hollow fiber model
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FIG 4 In silico simulations of different rifampin doses for PK/PD target attainment. The target attainment
probability of different rifampin doses for the probability to achieve an fC,,/MIC ratio of 34.22 was

calculated. All simulated doses failed to achieve the target attainment in 90% of the patients beyond a
MIC of 0.125 mg/L.
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Therapeutic drug monitoring in NTM therapy

Text box 2 Recommendations for TDM in NTM disease

Efficacy Information on PK/PD targets on drugs used for NTM is scarce. TDM for efficacy is preferably guided by
PK/PD targets but if these are lacking it would help to target normal exposure in patients with low expo-
sure not responding to therapy

Toxicity In the case of presumed drug-related toxicity, dose adjustment is suggested when high drug concentrations
are observed at a standard dose

Drug—drug interactions Drug—drug interactions can be managed as usual and TDM can be used to verify if exposure is within the
normal range for that particular drug

Renal or hepatic function problems For renally excreted or hepatically metabolized drugs, dosages can be adjusted as recommended by guide-
lines and TDM can be used to verify if exposure is within the normal range for that particular drug

Comorbidities (e.g., diabetes mel-  As treatment in patients with comorbidities is often accompanied with complications, it is recommended to
litus, HIV, CF) evaluate drug exposure in situations where these may arise

Sampling At least 2 samples should be collected during the dose interval to assess drug exposure. A single sample
often does not provide sufficient information as delayed absorption on reduced clearance is imperceptible

CF cystic fibrosis, HIV human immunodeficiency virus, NTM nontuberculous mycobacteria, PD pharmacodynamic, PK pharmacokinetic, TDM
therapeutic drug monitoring

Alffenaar JW, et al. Clin Pharmacok 2021




Therapeutic drug monitoring in NTM therapy

Cmax TDM for TDM for
“- oo | Pt | e | o

38.73 £

- AUC/MIC - 433 5.79+2.14
INH - AUC/MIC - - 3-5 Yes Yes
EMB MAC CArtlJaCx/ /I\I<I/:ICC - 1.23 2-6 Yes Yes
STR MAC - - - 44 (33-58) Yes Yes
MAC Cmax/MIC >8/12 153 + 51 55.3+16.9 Yes Yes
AMK Mabs Cmax/MIC >3.2 - 79 (54-98) Yes Yes
KAN MAC - - - 44 (32-65) Yes Yes
TGC Mabs AUC/MIC 36-44 - No data Yes Yes
TZD MAC AUC/MIC 24-37 - No data Yes ?
CZA/AVI MAC fT>MIC >52% - No data Yes ?

Alffenaar JW, et al. Clin Pharmacok 2021
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Abstract

Non-tuberculous mycobacteria (NTM) are an emerging group of pulmonary infectious pathogens of increasing importance
to the management of patients with cystic fibrosis (CF). NTM include slow-growing mycobacteria such as Mycobacterium
avium complex (MAC) and rapidly growing mycobacteria such as Mycobacterium abscessus. The incidence of NTM in the
CF population is increasing and infection contributes to significant morbidity to the patient and costs to the health system.
Treating M. abscessus requires the combination of multiple costly antibiotics for months, with potentially significant toxicity
associated with treatment. Although international guidelines for the treatment of NTM infection in CF are available, there
are a lack of robust pharmacokinetic studies in CF patients to inform dosing and drug choice. This paper aims to outline the
pharmacokinetic and pharmacodynamic factors informing the optimal treatment of NTM infections in CF.

Key Points

The treatment of non-tuberculous mycobacteria (NTM)
in cystic fibrosis (CF) is complicated by differing phar-
macokinetics to the non-CF population.

NTM treatment requires the prolonged use of repurposed
antibiotics and is characterized by relatively low success
rates and high toxicity.

The increasing use of CF transmembrane regulator
(CFTR) modulator drugs poses challenges, with poten-
tial drug—drug interactions that may limit therapeutic
options.



Long-term macrolide in bronchiectasic patients
(and the risk of NTM)

e US bronchiectasic registry, non previous NTM

* 410 subjects (out of 3472): 91 macrolide and 319 non-macrolide
e Similar patients’ characteristics

* At least one positive culture in 3/91 (3.3%) vs. 44/319 (13.8%)
* OR=0.21; 95% Cl, 0.06-0.70; P=.005
* No macro-R observed (in 2/3 available) in the macro group

Metersky M, et al. Chest 2021
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FIG 2 Changes in MICs of antibiotics among isolates were obtained from nine identical patients. Obvious MIC changes were observed in isolates from two
cases (indicated by arrows): from susceptible to resistance to clarithromycin and from resistant to susceptible to amikacin and imipenem. Mab,
Mycobacterium abscessus subsp. abscessus; Mma, Mycobacterium abscessus subsp. massiliense.
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St. George Respiratory

Questionnaire (SGRQ

St. George's Respiratory Questionnaire (SGRQ)

Name of
questionnaire

Type of
questionnaire-
description

Number of items

Number of domains
& categories

Name of
categories/domains

Scaling of items

Scoring

Test-retest
reproducibility

Internal consistency

Validity

Minimally important
difference

St. George's Respiratory Questionnaire (SGRQ)

Disease-specific instrument designed to measure impact on overall health, daily life, and perceived
well-being in patients with obstructive airways disease.

50 items

2 parts (3 components)

Part 1 : Symptoms component (frequency & severity) with a 1, 3 or 12-month recall (best
performance with 3- and 12-month recall); Part 2: Activities that cause or are limited by
breathlessness; Impact components (social functioning, psychological disturbances resulting from
airways disease) refer to current state as the recall.

Part | (Symptoms): several scales; Part Il (Activity and Impacts): dichotomous (true/false) except last
question (4-point Likert scale)

Scores range from 0 to 100, with higher scores indicating more limitations.

Yes. For the American version, the intraclass correlations were 0.795 to 0.900

Reported (Jones PW, Quirk FH, Baveystock CM, Littlejohns P. A self-complete measure of health
status for chronic airflow limitation. Am Rev Respir Dis 1992;145;1321-1327). For the American
version, Cronbach's a was > 0.70 for all components (Barr JT, Schumacher GE, Freeman S, LeMoine
M, Bakst AW, Jones PW. American translation, modification, and validation of the St. George's
Respiratory Questionnaire. Clin Ther. 2000 Sep, 22(9):1121-45).

Reported: - Significant correlations between total score and presence of cough, sputum, and wheeze;
- Significant correlations between symptom, activity, and impact domains and other measures of
disease activity (FEV1, FVC, Sa02 at rest, 6-MWD, MRC dyspnea grade, anxiety score, depression
score, Sickness Impact Profile (SIP) total score, SIP physical and psychosocial domains) (Jones PW,
Quirk FH, Baveystock CM, Littlejohns P. A self-complete measure of health status for chronic airflow
limitation. Am Rev Respir Dis 1992, 145: 1321-1327; Jones PW, Quirk FH, Baveystock CM. The St.
George's Respiratory Questionnaire. Resp Med 1991, 85(suppl):25-31).

Based on empirical data and interviews with patients, a mean change score of 4 units is associated
with slightly efficacious treatment, 8 units for moderately efficacious change and 12 units for very
efficacious treatment (Jones PW and the Nedocromil Sodium Quality of Life Study Group. Quality of
life, symptoms, and pulmonary function in asthma: long-term treatment with nedocromil sodium
examined in a controlled multicentre trial. Eur Respir ] 1994, 7:55-62; Jones PW. Interpreting
thresholds for a clinically significant change in health status in asthma and COPD. Eur Respir J. 2002
Mar, 19(3):398-404).



ST. GEORGE’S RESPIRATORY QUESTIONNAIRE 9) Questions about what activities usually make you feel breathless. For each statement, please tell me

which applies to you these days.

FORM CODE: SGR .
IDNUMBER: VERSION: 3.0 10/2412017 Event:

False, True,

9a) Washing or dressing yourself O O

9b) Walking around the house O O

oayDate of Cottection || |/ [ J[ 1/ I ]I ] obystaricode J[ [ ] 9c) Walking outside on the level ground O O
9d) Walking up a flight of stairs O O

{:{g];;ﬂi@g: This form should be completed during the participant's clinic visit. Please read the script exactly as | 9e) Walking up hills O O

This questionnaire is designed to help us learn much more about how your breathing is troubling you 10) Some more questions about your cough and breathlessness. For each statement, please tell me which

and how it affects your life. We are using it to find out which aspects of your illness cause you most applies to you these days.

problems, rather than what the doctors and nurses think your problems are. Falseo True:
10a) Coughing hurts ] [}
Please ask if you have diffi ing the questi Do not spend too long deciding about 10b) Coughing makes me tired O O
your answers. 10c) | am short of breath when | talk O Od
0c) Please pick one response to show how you describe your current health: 10d) 1 am short of breathAwhe!'l Ibend over g g
10e) My cough or breathing disturbs my sleep O O
Very good;  Good: Fair; Poor: Very Poors 10f) 1 get exhausted easily U U

O O O O O

11) Questions about other effects that your chest trouble may have on you. For each statement, please tell
me which applies to you these days.

The following questions ask about your chest trouble. Please answer as it applies to you. False, True
11a) My cough or breathing is embarrassing in public O O
PART 1 11b) My respiratory problems are a nuisance to my
family, friends, or neighbors O Od
1) | cough: 11c) | get afraid or panic when | cannot catch my breath O O
[J Most days a week 11d) | feel that | am not in control of my respiratory
[J Several days a week: problems O O
[ Only with respiratory infections: 11e) | have become frail or an invalid because of my
O Not atalls respiratory problems O O
11f) Exercise is not safe for me O O
2) 1 bring up phlegm (sputum): 11g) Everything seems too much of an effort O Od

[J Most days a week;
[ Several days a week.

[ Only with respiratory infections 12) These are questions about how your activities might be affected by your respiratory problems.
4

For each statement, please tell me which applies to you because of your breathing.

[JNot atall;
False, True;

3) I have shortness of breath: .

[ Most days a week; 12a) | take a long time to get washed or dressed O O

[ Several days a week. 12b) | cannot take a bath or shower, or | take a long

[INot at alls time to do it O O
4) | have attacks of wheezing: Fales True:

[ Most days a week 12c) | walk slower than other people, or | stop to rest O O

[J several days a week, 12d) Jobs such as house chores take a long time, or

[J A few days a months | have to stop to rest O O

[ Only with respiratory infections. 12e) If I walk up one flight of stairs, | have to go slowly

[J Not at alls or stop [} O

X 3 12f) If I hurry or walk fast, | have to stop or slow down d (]

5) How many attacks of chest trouble did you have during the last year?

[ 3 or more attacks: 12g) My breathing makes it difficult to do things such as

[J 1 or 2 attacks: walk up hills, carry things up stairs, do light gardening

[J None: such as weeding, dance, bowl, or play golf O O

12h) My breathing makes it difficult to do things such as
6) How often do you have good days (with few respiratory problems)? carry heavy loads, dig the garden or shovel snow,
jog or walk briskly (5 miles per hour), play tennis, or

[ No good days: swim O O

[J A few good days.

[J Most days are good: 13) We would like to know how your chest usually affects your daily life. For each statement, please tell

[J Every day is good: me which applies to you because of your breathing.

False, True:

7) If you have a wheeze, is it worse when you get up in the morning? 13a) | cannot play sports or do other physical activities Od O

[ Nos 13b) | cannot go out for entertainment or recreation Od O

[ Yes: 13c) | cannot go out of the house to do the shopping ] O

13d) | cannot do household chores O O

PART 2 13e) | cannot move far from my bed or chair O O
8) How would you describe your respiratory problems? 14) How do your respiratory problems affect you? Please pick one response.

[] Cause me a lot of problems or are the most important physical problem | have; [J They do not stop me from doing anything | would like to do-

[J They stop me from doing one or two things | would like to do,
[ They stop me from doing most of the things | would like to dos
[ They stop me from doing everything | would like to dos

[ Cause me a few problems:
[] Cause no problems;



SGRQ In NTM-LD patients

*kk 1 General population
Il MAC-PD
30
Prospective observational study (2012-2018)
269 pts with MAC-PD g, 1 )
74
Age- and sex-matched SGRQ scores indicated significantly @
greater impairment in patients with MAC-PD than in the general o
population (P < 0.001)
Patients with a greater decline from baseline FEV1 (% predicted)
exhibited significantly worse impairment in the SGRQ total score O Symptom  Actity  impact  Tota
(mean + SE, 4.69 + 10.9 points, P = 0.001). SCRQsubscales

On multivariable Cox proportional hazards regression analysis,

. . A 100- B
the SGRQ total score 225 was an independent risk factor for 1001 T
mortality (adjusted hazard ratio, 5.90; 95% confidence interval, 801 e
1.65—-37.7) as well as age, body mass index, and forced vital g ol g P<0.001
capacity (FVC). 2 2 5
§ 40- (%
Mixed-effect model results showed a significant association 25 —— SGRAQ total score <25 (n = 158)
. 204 /" [n=269 (deceased 22) =~ SGRQ total score 225 (n = 111)
between SGRQ symptom/total scores and forced expiratory = es—ssen
volume in 1 s (FEV1), FVC, and diffusing carbon monoxide co/ o, ot 1. : : y .
capacity. Older age, a positive smear, non-nodular/bronchiectatic 100% - Specificity% Years

form, and cavity regions were associated with SGRQ total score
deterioration.

Ogawa T, et al. Resp Med 2021
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The 6-minute walk test predicts g

mortality in a pulmonary nontuberculous
mycobacteria-predominant bronchiectasis
cohort

Rebekah A. Blakney', Emily E. Ricotta', Dean Follmann?, Jessica Drew', Kelly A. Carey', Lisa N. Glass>,
Chevalia Robinson?, Sandra MacDonald*, Pamela J. McShane’, Kenneth N. Olivier, Kevin Fennelly* and
D. Rebecca Prevots'®”

Abstract

Background: Bronchiectasis is a chronic lung condition frequently associated with nontuberculous mycobacteria
pulmonary (NTM) disease. Persons with these conditions are at increased risk of mortality. Patient reported outcome
(PRO) instruments and the 6-minute walk test (6GMWT) have been shown to predict mortality for several lung condi-
tions, but these measures have not been fully evaluated for bronchiectasis and NTM.

Methods: We conducted a retrospective cohort study among adult patients enrolled in a natural history study of
bronchiectasis at the National Heart, Lung, and Blood Institute. Electronic medical records were queried for demo-
graphic, clinical, microbiologic, radiographic, and PRO instrument data: St. George’s Respiratory Questionnaire (SGRQ),
Medical Research Council Dyspnea Scale, and the Pulmonary Symptom Severity Score (PSSS). The study baseline

date was defined as the patient’s first visit after January 1st, 2015 with a SGRQ or 6MWT completed. Follow-up was
defined as the interval between the study baseline visit and date of death or December 31st, 2019. Sex-stratified Cox
proportional-hazards regression was conducted to identify predictors of mortality. Separate models were run for each
PRO and 6MWT measure, controlling for age, body mass index (BMI), fibrocavitary disease status, and M. abscessus
infection.

Results: In multivariable Cox proportional-hazards regression models, the PSSS-severity (@aHR 1.29, 95% Cl 1.04-1.59),
the 6MWT total distance walked (aHR 0.938, 95% Cl 0.896—0.981) and distance saturation product (@aHR 0.930, 95% Cl
0.887-0.974) independently predicted mortality. In addition, BMI was significantly predictive of mortality in all models.
Conclusions: The 6MWT and a PRO instrument capturing symptom severity are independently predictive of mortal-
ity in our cohort of bronchiectasis patients.

Keywords: Bronchiectasis, Nontuberculous mycobacteria, Mortality, Patient reported outcomes, Health-related
quality of life, 6-Minute walk test




Serum IgA against Glycopeptidolipid Core in MAC-LD (2)

antibody levels (U/ml)

Anti GPL core IgA
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o ~ p<0. *
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Kitada S, et al. JCM 2016; Fukushima H, et al. Resp Med 2021



Impact of Time Between Diagnhosis and Treatment
on Culture Conversion and All-Cause Mortality

712 patients who received antibiotics for 6 or
more n)wonths after diagnosis of NTM-PD (1997
—2013).

Thirty-eight percent of study patients had mild
disease, 48% had moderate disease, and 14%

ha d severe d ISease. TABLE 3 | Effect of 6-Months or 12-Months Culture Conversion on Death in Patients With NTM-PD

Patient Group

The median waiting period without

Treatment for = 6 mo (n = 712)°

Treatment = 12 mo (n = 676)°

Death

antibiotics among all patients was 4.8 HR of conversion wihin 6 or 12 mo for death
(interquartile range, 1.3-20.8) months. Crude HR (95% CI, P)

Model 1, adjusted HR (95% CI, P)
After treatment initiation, 479 (67%) patients Model 2, adjusted HR (95% CI, P)
achieved culture conversion within 6 months, Model 3, adjusted HR (95% CL, P)

n=135

0.46 (0.33-0.65, < .001)°
0.51 (0.35-0.74, < .001)°
0.52 (0.35-0.76, < .001)°
0.52 (0.36-0.77, < .001)°

n=116

0.42 (0.29-0.61, < .001)°
0.51 (0.33-0.78, .002)°
0.52 (0.34-0.80, .003)°
0.52 (0.34-0.81, .003)°

and 135 (19%) patients died.

In univariable and multivariable models
adjusted for BACES (BMI, Age, Cavities, ESR,
sex) severity, no association between the
waiting period and 6-month culture
conversion or death was identified.

ImYY, et al. Chest Infections 2022



Early sputum conversion and outcome in Mabs

* M. abscessus PD treated with i.v. amikacin for 28 weeks and i.v. B-lactams
for 22 weeks (2005-2019).

* Sputum sample with at least a 1-month interval after treatment initiation
* Culture conversion and microbiological cure at 1 year was determined

* 57 patients
* Mean age was 58.6 years and 68.4% were female
* Mean BMI was 20.3 kg/m?2.
e Positive sputum in 71.9% of patients
45.6% of patients showed cavitary lesions.
Inducible resistance to clarithromycin in 73.7% (42/57)
Median duration of i.v. amikacin and B-lactam: 26.9 weeks and 8.3 weeks

* Overall, the microbiological cure rate was 31.6% (18/57)

Park YE, et al. J Glob Antimc Res 2021



TTP and sputum conversion

Mycobacterium Growth )
Indicator Tube Time-To-
Positivity Can Serve As an

Early Biomarker of

Treatment Response in
Mycobacterium avium

Complex Pulmonary Disease

Culture conversion Yes (n = 34) No (n = 15) Total (N = 49)
Female patients, No. (%) 19 (56) 8 (53) 27 (55)
Age, mean + SD, y 65.59 + 9.32 60.53 + 10.45 64.0 £ 9.9
Fibrocavitary disease, No. (%) 18 (53) 10 (67) 28
Nodular-bronchiectatic disease, No. (%) 16 (47) 5 (33) 21

M avium, No. 16 6 22

M intracellulare, No. 8 4 12

M chimaera, No. 10 5 15
Baseline time to positivity, mean + SD, d 7.68 + 4.64 4.87 +£2.20 6.82 + 4.23
Time to positivity after 3 mo, mean + SD, d 36.38 +£ 12.30 9.75 £ 5.19 32.57 + 14.89
Samples per patient, mean + SD, No. 5.32 +£1.20 4.87 £ 1.46 5.18 &+ 1.29
3-Drug regimen, No. (%) 27 (79) 13 (87) 40°
4/5-Drug regimen, No. (%) 7 (21) 2 (13) 9P

Cure at end of treatment, No. (%) 22 (65) 2 (13) 24 (49)

Danho R, et al. Chest 2022
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TTP and sputum conversion (2)

25

71 participants

Median TTP at screening was longer in those 7
participants who subsequently achieved vs. did
not achieve culture conversion (10.5 [IQR 9.4]
days vs. 4.2 [IQR 2.8] days, p = 0.0002).

15

10

Individuals with culture conversion by study
treatment month 6 were more likely to have a
screening TTP > 5 days compared to those who
did not achieve culture conversion (OR 15.4, SCR  BSL MO1 MO2 MO3 MO4 MOS  MO6
95% Cl 1.9, 716.7, p = 0.0037) and had Month

increasing TTPs over time. O Culture conversion achieved
o Culture conversion NOT achieved

Median shortest TTP, days

Mingora CM, et al. BMC Infect Dis 2022



Early sputum conversion in Mabs (2)

Months since treatment initiation Sensitivity Specificity PPV NPV K
M. abscessus isolates with IR (n = 42)

1 0.18 0.94 0.50 0.76 0.15
2 0.45 0.84 0.50 0.81 0.30
3 0.64 0.84 0.58 0.87 0.46
4 0.73 0.87 0.67 0.90 0.58
o) U./73 U.8/ U.0/ U.90 U.58
6 0.73 0.90 0.73 0.90 0.63
7 0.91 0.90 0.77 0.97 0.77
8 0.91 0.90 0.77 0.97 0.77
9 0.91 0.94 0.83 0.97 0.82
10 0.91 0.94 0.83 0.97 0.82
11 0.82 0.97 0.90 0.94 0.81
M. abscessus isolates without IR (n = 15) I

| 0.57 1.00 1.00 0.73 0.59
2 0.71 1.00 1.00 0.80 0.73
2 a) QE 100 100 a) Qg n Q7
4 1.00 0.88 0.88 1.00 0.87
5 1.00 0.88 0.88 1.00 0.87
6 1.00 1.00 1.00 1.00 1.00
7 1.00 1.00 1.00 1.00 1.00
8 1.00 1.00 1.00 1.00 1.00
9 1.00 1.00 1.00 1.00 1.00
10 1.00 1.00 1.00 1.00 1.00
11 1.00 1.00 1.00 1.00 1.00

Park YE, et al. J Glob Antimc Res 2021



Figure 2. Spectrum of Nontuberculous Mycobacteria Species in the Early and
Late Posttransplant Periods According to 6-Month Median Cut-off

Number of patients

NTM in Lung Transplant Recipients

* |srael, monocentric, LT recipients, 1997-2019
e 58/690 (8.4%)

* Mycobacterium simiae (n = 24), avium complex (n = 12),
abscessus (n = 9), fortuitum (n = 6) and others

 Early (<6 months) more common M simiae and M
fortuitum vs. M abscessus and MAC in the late

period
L * No difference in FEV1 (NTM+ vs. NTM-)
M. aviui -—] M. ¥—1 L%I%Jd M. [ ] [] [ ] [] [} [ ] [ ] [ ]
e i s e T * NTM acquisition was significantly associated with

decreased survival (relative risk of 2.41, 95% Cl,
1.70-3.43; P < .001).

Izhakian S, et al. Exp and Clin Transplantation



FDG-PET Iin pazienti con NTM

Autori N pazienti SUV medio N medio
lesioni
Kawate E. 2 9 1 M. avium
Matsuyama W 1 5.1 1 M. intracellulare
Nagai A 1 10.8 1 M.avium
Kwon YS 1 11.5 1 M. abscessus
Nakagawa N 1 4.8 1 M.avium
Tanaka S 1 - 1 Mycolicibacterium phlei
Namkoong H 1 Riferito solo ai linfonodi - MAC
Del Giudice 6 3.6 2 M. kansasii, M. xenopi, MAC
Zhuang H 1 8.1 - M. intracellulare
Kato A 1 26.9 - M.avium
Bandoh S 2 2.86 - MAC, M. intracellulare
Demura Y 6 6.2 1 MAC
Talwar A 1 4.2 1 M.chelonae
Abe M 1 HIGH 1 M. kansasii
Nishino K 6 8.9 1 M. intracellulare, M.avium
Gaviraghi A 20 4.20 2 14 MAC




FDG-PET in NTM-LD: SCENARI CLINICI

1. INIZIARE O NON INIZIARE TERAPIA (DD!)

2. INTERROMPERE TERAPIA SENZA CRITERIO MICROBIOLOGICO

3. ATTEGGIAMENTI IN CASO DI RECIDIVA




Pipeline

Discovery

LCB01-0371

- Target 50S ribosome
- For M. abs

PIPD1

- Target MmpL3
- For M. abs

Indole-2-carboxamides

- Target MmpL3
- For M. abs

Thiacetazone
derivatives

- Target FAS-II
dehydratase

- For M. avium and M. abs

Clofazimine*

- Target NDH-2
- For M. abs

Tedizolid*

- Target 50S ribosome
- For NTM

Bedaquiline*

- Target ATP synthase
- For NTM

B-lactams with
avibactam*

- Target penicilin-binding
protein
- For M. abs and M. avium

Rifabutin*

- Target RNA polymerase
- For M. abs

Phase I/ll

Clofazimine

- Target NDH-2
- For M. avium PD

Liposomal amikacin
for inhalation (LAI)

- Target 30S ribosome
- For M. abs PD

Nitric oxide

- Enhance host defense

- Produce reactive
nitrogen intermediates

- For CF patients with NTM
(especially M. abs)

- From AIT therapeutics

Gaseous nitric oxide
(gNO)?

- Enhance host defense

- Produce reactive
nitrogen intermediates

- For NTM

- Thiolanox® from
novoteris

Wu ML, et al. Drug Disc Today 2018

Phase IV

Phase lll

]
Liposomal amikacin Linezolid

Hon [ TG E1) - Target 50S ribosome

- Target 30S ribosome - For NTM disease

- For refractory MAC PD
Clarithromycin vs
azithromycin

- Target 50S ribosome
- For MAC PD
Clarithromycin vs
moxifloxacin

- Target DNA gyrase
- For M. xenopi PD

Mechanism of action

Inhibition of cell wall synthesis
Inhibition of protein synthesis
Inhibition of nucleic acid synthesis

Other mechanisms
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Hemoptysis requiring bronchial artery
embolization in patients with
nontuberculous mycobacterial lung disease

Su Hwan Lee'®, Jin Hwa Lee’®, Jung Hyun Chang?®, Soo Jung Kim?@®, Hee-Young Yoon’®,
Sung Shine Shim*®, Min Uk Kim*®, Sun Young Choi’® and Yon Ju Ryu” ®

Abstract

Background: Although infections caused by nontuberculous mycobacteria (NTM) are increasing in prevalence,
there are few data about hemoptysis in patients with NTM lung disease. This study investigated the characteristics
and prognosis of hemoptysis secondary to NTM infection.

Methods: Following a retrospective review of cases managed between 2006 and 2016, 183 patients with NTM lung
disease were enrolled and analyzed.

Results: Among 183 patients with NTM lung disease, Mycobacterium intracellulare (n = 64, 35%) was the major cause of
NTM infection, followed by M. avium (n =59, 32.2%) and M. abscessus complex (n =40, 21.9%). Hemoptysis developed in
78 patients (42.6%), among whom 33 (42.3%) required bronchial artery embolization (BAE). Between patients with and
without hemoptysis, there were no significant differences with respect to sex, radiographic manifestations, distribution
over 3 lobes on chest computed tomography, history of pulmonary tuberculosis, antiplatelet or anticoagulation therapy,
and species of NTM. However, mean age at diagnosis was significantly lower in the hemoptysis group in univariate and
multivariate analyses (65.7 + 12.8 vs. 59.7 + 11.8, P=0.002, odds ratio: 0.969, 95% confidence interval: 0.944-0.996). Among
patients with hemoptysis, those requiring medical therapy and those requiring BAE were not significantly different in
terms of demographic characteristics, radiographic manifestations, and distribution over 3 lobes. All patients who received
BAE showed immediate clinical improvement, no procedure-related complications, and none of them died during the
period under review.

Conclusions: NTM lung disease patients commonly experienced hemoptysis without specific risk factors except for
relatively young age. Although some patients with hemoptysis needed BAE, the success rate of BAE was high, and there
were no serious complications associated with BAE.

Keywords: Mycobacterium infections, nontuberculous, Tuberculosis, Hemoptysis, Embolization, therapeutic




Role of Surgical Intervention (ATS/IDSA 2020)

In selected patients with NTM pulmonary disease, we suggest surgical resection as
an adjuvant to medical therapy after expert consultation

* 15 observational studies (approximately 700 patients)

* Almost all of the patients who underwent surgery had received
antimicrobial treatment before and after surgery.

e Cure rate of the NTM disease, death, and recurrences were not
significantly different between medical and surgical therapy (3 studies)

* Although there was more culture conversion observed in the patients
who underwent surgery, the quality of evidence was very low,

e Surgical complications (such as bronchopleural fistula, prolonged air
leak, pneumonia) were observed in 7-35% of participants.



Multidisciplinary Management

 Respiratory Medicine,
* Infectious Diseases,
» Microbiology,
* Immunology,

 Radiology,
 Respiratory Physiotherapy,
 Psicology/Psychiatry,
* Food and Nutrition




Conclusioni

* La terapia delle micobatteriosi non tubercolari € al momento
insoddifsfacente con efficacia variabile ma nel range 50-75%

* Efficacia microbiologica/clinica/radiologica
* M abscessus piu difficile da trattare

* Necessita di team multidisciplinare e di coinvolgiemento del paziente

 Sensibilita genotipica vs. fenotipica

* Prognosi importante per decider inizio prima terapia e eventuali
recidive/reinfezioni

* Abbiamo bisogno di RCTs (e di nuovi farmaci)



