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Post -TB lung disease overview

¢ Definition

*»* Epidemiology and disease burden
¢ Pathophysiology

¢ Screening and diagnosis

*¢ Management and Prevention



Y UNIVERSITY

F/65, Post-TB lung disease

¢ | have sputum and cough for more

than 10 years.

¢ | always have trouble breathing

when | have a cold.

vawe, vaiva s

Ref Pre %Ref Post %Ref %Chg

Spirometry

FvC Liters 323 148 46 152 47 3
FEV1 Liters 243 089 37 092 38 3
FEVIIFVC % 76 60 60

FEV3 Liters 1.26 1.28 2
FEV6 Liters 1.45 1.45 0
FEF25-75% Usec 2.31 043 19 044 19 0
IsoFEF25-75 L/sec 2.31 043 19 058 25 34
FEF50% Lsec 310  0.59 19 058 19 -2
PEF Usec 545 234 43 244 45 4
FET100% Sec 7.22 8.98 24

FIF50%  Usec 1.32 1.50 14
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M/53, TB = NTM => BPF

2016.07, AFB smear + 2022.3 "~ 2024.02
DS-TB Smear+ M. Intracellulare infection

M. intracellulare Bronchopleural fistula
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Beyond the CURE

+* Congratulation! you are graduated from TB.

** Bye~

¢ Re-visiting the clinic
> Chronic respiratory symptoms

> Chronic physical impairment

> Recurrent respiratory infection

> Death
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Tuberculosis as an acute illness
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Tuberculosis as a sub-acute illness
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Tuberculosis as a chronic illness
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Post-TB : TB survivor

s Korea
. -HE ey
> TB treated 338,371 (2011-2020)
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> TB survivors 1 5% 5880k (2020) o

Lancet Infect Dis 2021
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Post-tuberculosis mortality and morbidity
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Epidemiology

Lifetime burden of disease due to tuberculosis

tuberculosis post-tuberculosis _ Reductions
disease disability disability in length of life
.‘—
0-0 =
Reductions
in quality l
of life -1
5 12.1 DALYS per incident TB case, 47% from post-
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Lancet Glob Health 2021;9: e1679-87
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Tuberculosis related disability and post-TB long term mortality

Country ~ Mid-yearof  Deaths (n/N [%]) SMR (95%Cl) Weight
enrolment
_ Tocque etal (2005 UK 1993 104/439 (14%) s 153380540)  93%
Resplratorv Mental health Christensenetal (2014)**  Denmark 1993 2388/6402 (37%) + i 186 (1.77-1:96) 9.6%
impairment disorder Christensenetal Q014)%  Denmark 1003 13791889 (73%) - 1402137) 95k
20.7% Milleretal (2015 USA 1998 799/3853 (21%) Ly 763401294 7%
Hoskeletal Colppanetal 0082 Inda 2003 20712665 (11%) | MO(L96-245)  95%
Shudineretal 20167 kmel 2005 385/3201 (12%) | 372(338410)  95%
Blondal etal (013" Btona 2006 3882058 (19%) | 3760341415 95%
Dangisoetal (2018 Ethiopia 2007 238/2272 (10%) s 1008-170)  84%
Livetal (2018 China 2010 304/2741(14%) - 28028631 95%
Hearing Renal 5.7% Wangetal (2015)” China 2011 550/4342 (13%) _m 178320695 8%
14.5% Neurological ST ....o. VT .. 200 O848 e .5..:..............9.@@(1@1.4291 ..... 355,
Visual 9.8% 1.6% i
Heterogeneity: =99%, p<0-0001
— —>
Facvours tuberculosis  Favours control
treatment group  group

BMC Med 2021;16:203, Lancet Infect Dis 2019;19:1129
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Post-tuberculosis mortality in Korea

TB survivors 2010-2017 and matched control

Cumulative incidence probability of mortality (%)

No. at risk

TB survivors

Matched controls

0.14

0.10

0.06

0.02

Log-rank P <001

TB survivors

aHR 1.86

Matched controls

82098
82098

Years

59038
60 263

37322
38724

T
6

15946
16 767

Cause of death following TB diagnosis

Epidemiology

Total period Within 1 year 1-5 years After 5 years
Causes of death n (%) n (%) n (%) n (%)
iTuberculosis ~~ 21070(203)  15278(37.7)  3884(107) 1908 (7.1) 1
' I Pneumonia 4802 (4.6) 1389 (3.4) 1690 (4.6) 1723 (6.4) 4
'CLRD 5307 (5.1) 1107 (2.7) 2108 (5.8) 2092 (7.8)
-Lung cancer 9897 (9.5) 4287 (10.6) 3869 (10.6) 1741 (6.5) i
“OtRercancers " 498044~~~ 5226029 SO55 (163 37997137)
CDVD 6250 (6.0) 1799 (4.4) 2247 (6.2) 2204 (8.2)
CBVD 6152 (5.9) 1924 (4.7) 2408 (6.6) 1820 (6.8)
DM 4548 (4.4) 1302 (3.2) 1918 (5.3) 328(50)
Hypertension 1319(1.3) 368 (0.9) 510 (1.4) 41(1.6)
Others 28307 (27 3) 7368 (18.2) 11 487 (31.5) 9452 (35.4)
Unknown 1050 (1.0) 467 (1.2) 61(1.0) 222 (0.8)
Total 103682 (100.0) 40515 (100.0) 36437 (100.0) 26730 (100.0)

CID 2023;76:e973, UTLD 2020;24:492



Classification

Post-TB health and wellbeing

Post-TB morbitity in
Post-TB lung disease adolescents and children
_—-I I—

Post-TB economic, social

Post-TB cardiovascular and psychosocial wellbeing
and pericardial disease

Post-TB neurological
disabili

International Post-Tuberculosis symposium and working group

JTLD 2023;27:248
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Post-TB health and wellbeing

_ Post-TB morbitity in e
Post-TB Lung Disease adolescents and children £
—_—

Post-TB economic, social

Post-TB cardiovascular and psychosocial wellbeing
and pericardial disease

Post-TB neurological
disabili

International Post-Tuberculosis symposium and working group

JTLD 2023;27:248
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Definition

What is ‘Post-TB lung disease’ ?

** Chronic respiratory abnormality with or without symptoms, partially attributed to

previous tuberculosis

e —

Tracheobronchial stenosis

Bronchiectasis

Chronic pulmonary aspergillosis

Small airway disease

Restrictive lung disease

Chronic cough and sputum

Hemoptysis

Dyspnea

JTLD 2020;8:820, KJIM 2024,39:7
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Residual respiratory disability after successful treatment of TB

61 studies with 41,014 people with PTB

Post-TB respiratory impairment : lung function

- 59.1% of patients with pTB (vs 5.4% of controls)
- 17.8% obstruction

- 21.3% restriction

- 12.7% mixed pattern

Post-TB disability

- MRC dyspnea score (score 3-5in 24.7%)
- 6MW 440.5m (78.9% of predicted), 403m among MDR-TB (70.5% of predicted)

- HR-QOL (SGRQ)

Post-TB respiratory complications

- incidence of lung cancer IRR 4.0 compared to controls
- persistent cavity 31.4%

- fibrosis 37.4%

- bronchiectasis 16.8%

- chronic pulmonary aspergillosis 1.9%
eClinicalMedicine 2023;59:101979
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Heterogeneity of PTLD

Box 1. Consensus definition and proposed clinical patterns of post-TB lung disease (PTLD) from

the First International Post-Tuberculosis Symposium(156)

Minimum case definition of PTLD: Evidence of chronic respiratory abnormality, with or without

symptoms, attributable at least in part to previous tuberculosis.

Proposed clinical patterns of PTLD:

(1) Airways: TB-associated obstructive lung disease with airway obstruction on spirometry
OR bronchiectasis on chest radiography

(2) Parenchyma: Cavitation, parenchymal destruction, or fibrotic change on chest
radiography OR aspergillus-related lung disease on imaging and/or blood testing

(3) Pleural: Pleural thickening on chest imaging

(4) Pulmonary vascular: Pulmonary hypertension with elevated pulmonary artery pressures
on echocardiography and/or right heart catheterization

(5) Other: Other pathology not meeting the above criteria.

AJRCCM 202402-0374S0
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Heterogeneity of PTLD

Parenchymal
Involvement

Airway involvement

» Host : local

lung and Large airway |
systemic (tracheobronchial _ _ > Persistent

. Persistent cavity symptom and
immunity stenosis) ymp

ﬁ

—_— disability

Small airway obstructive
in spirometry
Bronchiectasis

environment

Parenchymal
destruction and fibrosis

» Early mortality

» Pathogen

abnormality:
Granuloma

> Interaction

Pleural involveme

monary vascular
involvement

Pleural thickening and
calcification

Pulmonary HTN
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Pathogenesis

Pathogenesis of post-TB lung disease

Pathogenesis of Post-Tuberculosis Lung Disease: Defining Knowledge Gaps and Research Priorities

at the 2" International Post-Tuberculosis Symposium

** Matrix destruction, MMPs and Neutrophils
¢ Fibroblasts and profibrotic activity

*¢* Granuloma fate and cell death pathways

» Mycobacterial factors and pathogen burden

** Interactions between clinical risk factors and

pathogenesis of PTLD
> HIV /Diabetes /undernutrition

AJRCCM 202402-0374S0
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Pathogenesis
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MMPs and lung destruction

¢ Matrix Metalloproteinase : a family of host enzyme that collectively degrade the
extracellular matrix (collagenases, gelatinases and stromelysins)

> Essential to degrade the structural fibrils of the lung

** MMPs are physiologically tightly regulated but are upregulated in monocytes,
macrophages, and neutrophils directly in response to Mtb infection and via cellular
networks, including uninfected stromal cells, without compensatory upregulation of
specific inhibitors TIMPS
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MMPs contribute to extracellular matrix (ECM) destruction in pulmonary TB

Transmission
M. tuberculosis T
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and IV collagens) destruction, cavity formation and Tb dissemination

Int. J. Mol. Sci. 2019, 20, 1350
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MMPs in serum and lung tissue of patients with pTB

Induced sputum MMP concentration Human lung tissue, pTB cavity
<0.001 o
i p<0.001 H&E Neutrophil elastase
108+ 108 E X
1074 107_ . -
a 106- -g 106 uu .:;'-I.'--nu p ..::- -
-y - S5 e e
~ 10t we® w"
el e & i - =
% 10°= ".-".:.:‘.-"“ o 103=
= '102' . = 102-
'10:" . 107=
v . o — -
& & Sp& &
«\) o ‘@\\0 O ‘\00
Y
R < Q@“
Blood MMP concentration MMP-9
D IS Stae .
A ek k —_ =38 v Ve on
4 o 108~ ’}ﬁn"." % }
104+ _-- __ Jokk s )
E 103 T 1% i
2 - 3 e
S s0ef L 7 £ 1044
o o
= 107 s 10°+
= s
100 1 —l\_ —l- 102 | l(’ ]
Sl RGN
R PLOS ONE 2013;8:e61333, PLOS ONE 2015;0117605/1004917



UNIVERSITY

Association of poor treatment outcome with MMPs and TIMS

100000

10000
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Baseline plasma level, pg/mL
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Baseline plasma level, pg/mL

100

MMP-9

100000

Baseline plasma level, pg/mL

Baseline plasma level, pg/mL

10000

1000

100

10000

1000

TIMP-1

Baseline plasma level, pg/mL

Baseline plasma level, pg/mL

Pathogenesis

Table 2. Association of the Baseline MMP and TIMP Levels With Treatment Outcomes

100000
= P<.001
— A @0
i @
10000 %
: %
1000
® Cases
@ Controls
100
MMP-7
10000 5 P<.001
1000 —H
100

Univariate model Multivariable model
Marker OR (95%Cl) Palue a0R (95% CI)® Palue
MMP-1 1.36(1.01-1.85) 04 1.32(0.95-1.84) 10
MMP-2 2.76(1.40-5.48) 004 3.26(1.51-7.03) 003
MMP-3 0.48(0.27-0.88) 02 0.45(0.22-0.92) 03
MMP-7 1.75(1.18-2.61) 006 1.71(1.09-2.68) 02
MMP-8 2.04(1.33-3.14) 001 2.16(1.34-3.47) 001
MMP-9 1.80(0.89-3.64) 10 2.16(0.99-4.67) 051
MMP-12 1.15(0.30-4.41) 84 1.29(0.30-5.50) 13
MMP-13 0.20(0.02-2.39) 20 0.18(0.01-2.77) 22
[TIMP 1 7.55(2.85-19.9) <001 8.23(2.92-23.22) f.OOl]
TIMP-2 12.50(3.98-41.82) <001 14.31(3.83-53.39) <001
TIMP-3 0.94(0.29-3.02) 92 0.75(0.23-2.47) 64
TIMP-4 1.01(0.62-1.63) 98 1.00(0.59-1.70) >99

TIMP-2

JAMA Network Open. 2020;3(12):e2027754
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Diagnosis or Screening of PTLD

1. Screening for PTLD within health systems

>  All people with pulmonary TB ?

>  Which population? Symptomatic? Advanced lung involvement? With co-morbidities?

2. Clinical evaluation of TB survivors with residual or recurrent respiratory symptoms:
> Recurrence
> Non-TB respiratory infection screening : NTM ? Fungus?
>  Chronic respiratory disease : COPD, bronchiectasis
>  Cardiovascular morbidity ?

> Lungcancer?

JTLD OPEN 20241(3):111-123
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Management of PTLD

** Management focused on the characteristics of PTLD




Management

1 year after the termination of anti-TB medication

Airway disease Airway disease Parenchymal|destruction Airway (disease
Tracheobronchial stenosis Bronchiectasis Cavitation Small airway disease (or COPD)

- If suspected (due to ongoing - Symptomatic Visits: Advise - For cavities larger than 2 cm, - Conduct yearly spirometry, use
respiratory symptoms without clear patients to visit if they display conduct routine chest X-rays to plethysmography if available to
signs of bronchiectasis exacerbation symptoms. Conduct a sputum monitor for the emergence of monitor lung function decline.
or pneumonic infiltrations), conduct study to determine the offending Aspergillosis within the cavity. - If diagnosed with COPD, start long-
CT scans or bronchoscopy to confirm pathogen (e.g., Pseudomonas, acting bronchodilator treatment
the presence of tracheobronchial NTM, Aspergillosis, etc.). (e.g. LABAJLAMA).
stenosis. - In Case of Hemoptysis: Instruct . . . - Exercise caution with ICS use.

- If stenosis is severe, refer to a patients to immediately seek care Infection complications
respiratory interventionist for at the emergency department.
evaluation and potential treatments, Chronic pulmonary aspergillosis Restrictive and obstructive
such as balloon dilation, stent ¢ - Conduct routine follow-ups lung irnbairments
insertion, or ablation therapy. using chest X-rays andfor CT

Hemoptysis scans, and obtain respiratory Pulmonary rehabilitation
\ - Mild to Moderate: Prescribe samples. - Aerobic exercise utilizing either a
Tranexamic acid (via IV, orally, or - Simple aspergilloma: Consider treadmill or cycle-ergometer for
nebulized). Direct patient to the surgical resection 30 minutes, 2-5 times a week over
emergency department. <4¢—— - CCPA/CFPA: Initiate standard a span of 4-8 weeks.

- Severe or Life threatening: treatment with oral triazole - Airway clearance techniques such
Ensure airway remains patent. therapy (e.g., itraconazole 200 as gravity-assisted drainage, various
Immediately send patient to mg or voriconazole 150-200 mg breathing strategies, directed
the emergency department twice daily) for a minimum of coughing, and positive expiratory
for further interventions, such 4-6 months. pressure
as intubation or angiography/ - Immediate refer to an expert - Provisions for nutritional guidance
bronchial artery embolization. when SAIA is suspected and psychological support.

Korean J Intern Med 2024;39:7



Prevention

Prevention of PTLD

*** The key to prevention and reducing the incidence of PTLD is early diagnosis and

adequate treatment of TB in order to minimize residual lung damage.

Minimal TB Moderate TB Advanced TB
PR et PER cEnT
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Am Rev Respir Dis 1960;81:839



Prevention

Doxycycline host-directed therapy in human pulmonary tuberculosis

** Only licensed MMP inhibitor with broad spectrum MMP inhibitory activity
¢ Mtb-induced MMP secretion in cellular models

** MMP inhibition improved drug efficacy in the mouse model

¢ Inhibits MMP activity in periodontal disease at 20 mg twice daily

¢ A first-in-human pilot phase Il randomized, double-blind, placebo-controlled trial
> 2015-2017, National University Hospital and Tuberculosis Control Unit in Singapore

> Primary outcome : Procollagen lll N-terminal propeptide (matrix degradation product) change

J Clin Invest. 2021;131(15):e141895



Prevention

Doxycycline host-directed therapy in human pulmonary tuberculosis
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Adjunctive NAC and lung function in pulmonary TB

¢ N-acetylcysteine (NAC) : antimicrobial, antioxidant and immunomodulatory
¢ Phase 2, open-label, prospective, parallel-arm, randomized controlled trial
¢ March 2019 —May 2021

*¢* Nested RCT in TB SEQUEL cohort study, Tanzania

> 18 to 65 years of age, RIF susceptible TB, moderately or far-advanced pulmonary tuberculosis in CXR

> 1200mg of oral NAC twice a day from days 1 to 112, 1:1 allocation

¢ The primary outcome was culture conversion

¢ Secondary outcomes included whole-blood glutathione levels and lung function

NEJM Evid 2024; 3 (9)
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Adjunctive NAC and lung function in pulmonary TB

A

mITT PP
140 ellglble 10-| 09— 10— N.O
NAC | Control 3 os 1 el 1 f:llfference
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NEJM Evid 2024; 3 (9)
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Adjunctive host-directed therapies for pulmonary TB

** Host immune modulators

> Protect the lung destruction

> Shortened treatment duration (reducing lung inflammation, improving lesional drug penetration,

inducing antimycobacterial activity)

> Improving survival

¢ Host-directed therapies candidates

> CC-11050: a type 4 phosphodiesterase inhibitor with anti-inflammatory properties
> Everolimus : mTOR inhibitors —induced autophagy
> Auranofin :an orally bioavailable anti-inflammatory gold salt — in vitro antimycobacterial activity

> Vitamin D : essential for host defenses against M.TB

Lancet Respir Med 2021;9: 897-908
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Adjunctive host-directed therapies for pTB

¢ Prospective, open-label, phase 2, randomized controlled trial, South Africa

> 18 to 65 years of age, RIF susceptible TB, moderately or far-advanced pulmonary tuberculosis in
CXR

% CC-11050, everolimus, auranofin, or ergocalciferol in addition to standard

tuberculosis therapy, or standard tuberculosis therapy alone (control) 1:1:1:1:1

¢ n=40 per group, apart from n=39 in the everolimus group after one patient

withdrew consent), 1 to day 112 days
¢ The primary outcome : the safety and tolerability of the study treatments

¢ Secondary preliminary efficacy outcomes : sputum culture status and lung function

Lancet Respir Med 2021;9: 897-908
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Prevention

11 treatment-emergent serous adverse events

NA=not applicable.

Seriousness Days from study Treatment relatedness Action on study Adverse event
entry to onset medications outcome
Tostandard  To host-directed
therapy therapy
Control
Ischiorectal abscess Required hospital admission 107 Unrelated NA Maintained Resolved
Drug-induced liver injury Life-threatening 28 Probable NA Discontinued Resolved
Drug-induced liver injury Life-threatening 37 Probable NA Interrupted Resolved
r & ok
| Everoiimus
pene PO e RQURd hospitaladmission 24 Hnelated, L Hnrelated, s Maintained L Reseded
: Auranofin
Syncope Required hospital admission 12 Unrelated Unrelated Maintained Resolved
Acute hepatitis B virus infection Life-threatening 148 Unrelated Unrelated Interrupted Resolved
Thrombocytopenia Life-threatening 53 Unrelated Probable Discontinued Resolved
Sepsis, disseminated intravascular Required hospital admission; resulted 14 Unrelated Suspected unexpected  Host-directed Unresolved
:  coagulation, respiratory failure in death serious adverse reaction therapy discontinued
Ergocalciferol
Dysfunctional uterine bleeding Required hospital admission 110 Unrelated Unrelated Maintained Resolved
Tuberculous spondylitis Medically significant 49 Unrelated Possible Maintained Resolved
Acute pancreatitis Required hospital admission 195 Unrelated Unrelated Occurred post- Resolved

treatment

Lancet Respir Med 2021;9: 897-908



UNIVERSITY

No difference in culture conversion
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PTLD cohort

** TB Sequel consortium in Africa and Europe

*** TB Sequel cohort

> Prospective, multi-country, multicenter, observational

cohort study
> 1.600 pTB patients at the time of TB diagnosis
> Sep 2017 ~ Sep 2019
> Follow up period of at least 24 months

> Primary outcome : a proportion of Pt with severe

pulmonary function impairment

RESEARCH TASK 1: THE TB SEQUEL COHORT

RESEARCH TASK 4: SOCIO-ECONOMICS

RESEARCH TASK 5: POST-TB IMPLEMENTATION RESEARCH

MRC Unit The Gambia Qo)
t LS| @,

hannesburg
m, nstitute
h Unit

Joha
The Auri
||||| | HIV Research U

RESEARCH TASK 2: THE NAC TRIAL RESEARCH TASK 3: HOST AND PATHOGEN CapeTownf-g@Stellenbosch
TB Proof

Stellenbosch University

https://www.tbsequel.org/research/



Cohort

XY/ UNIVERSITY

PTLD cohort in a Chines male smokers and non-smokers

: :
’:’ Th e p rOS pECt|Ve O bse rvat I O n a I CO h O rt Enrolment of 400 patients with active pulmonary TB

from 2022 to 2024

¢ To evaluate the effect of cigarette smoking on T,
PTLD

Measurements of serum biomarkers;

A 4

anti-TB treatment

** Peking University Third Hospital and Beijing |
Geriatric Hospital in China, 2022 ~2024 | e SR

| Immediately after completion of TB treatment |
I (Measurements of serum biomarkers) i
e

¢ 25-65 years newly diagnosed with pTB, male T

; s . ; ;
i at 2 years after the end of TB treatment

** Primary outcome : longitudinal changesinlung |~~~ |

g e e e ] e e s s
I
i at 3 years after the end of TB treatment

function measurements

Clinical symptoms

SGRAQ scoring; bronchiectasis, fibrotic
CAT scoring; banding, emphysema/ FEV /FVC, FEV,, FVC

BMJ Open 2023;13:€065950 i o




Post-TB lung disease registry
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Summary

Post-TB lung disease, Why ?

*¢* Monitoring impairment/disability as program

Functional
abnormalities

Imaging changes
40-60%

outcome

¢ Patients : Understanding symptoms

** HCWs : Prevent decline, promote recovery and g

ensure linkage to care

Low
FEV1/FVC

¢ Policy maker : To guide resource allocation and .
= (4}

intervention usage

From Union 2023 Conference
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Whattodo?

** Must include lung outcome not only microbiologic outcome Heterogeneity

» Understand the pathophysiology of lung outcome

Parenchymal
Involvement

Airway involvement
Large airway
(tracheobronchial
stenosis)
Small airway
obstructive in
spirometry
Bronchiectasis

» Lung outcome modifying intervention

Persistent cavity

Parenchymal
destruction and

* New baseline assessment

» More specific definition of PTLD including severity

¢ Determine patient-centered outcomes

Pleural involveme

vascular

s Validate measurement of outcomes involvement

Pleural thickening
and calcification

Pulmonary HTN

¢ Research on poor outcomes

From Union 2023 Conference



Thank you for your attention!
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