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Anti-TB Agents, Mechanisms of Action &

Actvely repicating 1. Fluoroquinolones,
pretomanid
R 2. Rifampicin ﬂ
| e 3. Streptomycin, linezolid
stamycin, g Eosds cottetrSalcyits metabolsm 4. lIsoniazid, ethambutol,
OSSN e . cycloserine,
P Uooarabinoms W ethionamide

IO | 5. Pyrazinamide,
I Ry bedaquiline,
- Sestsssbesorditortelsboilite i¥iantams E“e‘g\', ) )
Rede first line quartet / clofazimine
ATPsymhaQ
TMC207
Goldberg DE, Cell 2012 https://doi.org/10.1016/j.cell.2012.02.021

Bhat ZS, Biomedicine & Pharmacotherapy 2018 https://doi.org/10.1016/].biopha.2018.04.176
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MNew and relapse TB cases

ir Rasir J 2006 28 SHD-385
DO 1011830031 B50600125705
CopyightCERS Jorals L3 2006

Outcome of pulmonary multidrug-resistant

—
=
tuberculosis: a 6-yr follow-up study g 2017
=
B ]
C-Y. Chiang*, D.A. Enarson*, M-C. Yu”, K-J. Bai®, R-M. Huang', C-J. Hsu', i
J. Suo” and T-P. Lin — 2016
=
=]
ABSTRACT: A retrospective study was performed to determine factors associated with the | AFLATING - 2015
outcome of pulmonary multidrug-resistant tuberculosis (MDR-TB) in Taipel, Taiwan. TTM‘"“‘ ”:T*B;M 2
All patients newly diagnosed with pulmonary MDR-T in a referral centre from 1992-1996 were | "y - """ =
enrolied and thair outcome over the subsequent 6 yrs was dstermined. e By 5 2074
A total of 299 patients were identified, comprising 215 (71.9%) males and 84 (28.1%) females | Vel W Frg g ol &
with & mean age of 47.3 yrs. The patients recelved a mean of 3.7 effective drugs. Outofthe2e |0 =
patients, 153 (51.2%) were cured, 31 (10.4%) failed, 28 (9.4%) died and 87 (29.1%) defaulted. Of | T .= " Y] 2013
the 125 patients receiving second-line drugs with offoxacin, 74 (58.2%) were cured. Those Who |t Tubercisss fscocidion S
received ofioxacin had a lower risk of relapse than those receiving only first-ling drugs (hazard | Tass. Cite
ratio (HR) 0.16, 95% confidence interval (CI) 0.03-0.81) and a lower risk of TB-related death than 2012
coREPOENE
those recelving second-line drugs but not ofloxacin (adjusted HR 0.50, 95% C1 0.31-0.82).
In conclusion, more likely | pieire Lo Agirs
to be cured, and were less lkely to dio, fall or relapse. The utlity of now-generation | iwious i Lins e
fluoroquinolenes, such as moxifioxacin, in the treatment of multidrug-resistant tuberculosis gi":“‘““ S 75006 o 20 &0 1) 820 100
needs to be evaluated. Default from treatment is a major challenge in the treatment of multidrug- | /"
resistant tuberculosis. Fax 33 22877100

Ermi: dorarson@uatiory

MDR/RR-TB cases

KEYWORDS: Death, follow-up, multidrug resistant, relapse, tuberculosis
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ultidrug-resistant tuberculosis (MDR-  the use of ofloxacin in the second-line treatment 2019
M TB), which is defined as a disease with  regimen [17]. To understand the long-term out- | suspoar sTarpiet
isolates resistant to at least isoniazid  come of MDR-TB, a consecutive series of MDR- | ¢y cring ans 04 srarson

and rifampin, compromises response to anti-TB  TB cases were reviewed and followed up over | wopose the crgral e a3 2018
treatment [1-3l. MDR-TE is prevalent in a time, with specific attention paid to the results of | S he sty C-1. Criam, M.
number of countries [4] the use of ofloxacin for treatment. The results of

this follow-up study are reported here.

2017

Recommended  treatment of MDR-TB includes

the use of second-line anti-TB drugs [3]. To date, 1. Changand DA Exarn
there have been no randomised controlled trials  METHODS malyser and etmpree e itz Al
to evaluate the treatment of MDR-TB, Treatment aubors s inche i drting B2

2016

Case ascertainment maserta o el pprra of
Patients with MDR-TB were identified from the | s nausopt

Mycobacteriology Laboratory of the CDCB
(Taipei, Taiwan). Patients who were newly
diagnosed with pulmenary MDR-TB from 1992
The management of MDR-TB in Taipei, northern 1996 were enrolled in this study in 2000, and their
Taiwan, has been highly specialised in a referral | outcome over the subsequent & yrs after com-
centre, the Chronic Disease Control Bureau — mencing treatment determined. All drug-
(CDCB), which was the headquarters of a TB  susceptibility testing was performed in the
control system functioning for 40 yrs funtil  CDCB [18]. Medical records were reviewed and
2002), with a network of public health nurses  information was collected on age, sex, history of
distributed in all townships and villages, respon-  TB treatment, drug susceptibility, HIV status,

regimens are determined individually for each

patient, taking into account the results of suscept-
ibility testing [6-12], or are standardised regi-
mens [13-15] depending on the local situation.

2015
2014

Year started on treatment

sible for TB services [16]. The majority of MDR-  medicatians used for treatment, adverse reactions

TB patients identified in general hospitals were  occurring during treatment for which medica- | gy Repiainy el 2012
referred to the CDCB for further management.  tions had to be stopped, and outcome of | Pirl SN 0031866

Treatment of MDR-TB has increasingly included  treatment. Onine 554 1398-3008

I
980 —, EUROPEAN RESPIRATORY JoURNAL 0 20 40 60 80 100

[ Treatment success [ Failure [II Died
Chiang CY 2006 ERJ || Losttofollow-up || Notevaluated
)
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Physical, mental, economical distress Adverse Events
Injectables Enormous pill  80% Catastrophic Hearing loss
6 -8 mo burden economical distress

Permanent numbness

a 80% Required regimen adjustment
7 Range 67-100% . .
{; Lead to admission or death
WHO, 2021, Global TB Report
Ageing and Comorbidities Social Stigma

Age distribution of MDR-TB patients

100% u I
80% I I I I I m >80
60%
M 65-79
40%
20% M <65
0

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Comorbidities 69.3%, DM 27.2%, Cancer 6.7%
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Novel Regimen with Shorter Treatment Course%@f

Treatment of Highly Drug-Resistant Pulmonary TB

NIX-TB, AN OPEN-LABEL, SINGLE-GROUP STUDY

109 Patients - Three-drug regimen (26 wk)
with confirmed tuberculosis e \\ .+ Pretomanid Linezolid
BEDAOUILINE \ C,‘; . (recently approved) g—
. MDR T8 Q T D
& \
‘= Nonresponsive or
0 XDR treatment-intolerant
* tuberculosis MDR tuberculosis
N=71 N=38
(65%) (34%)

90% of all patients had favorable outcomes

Clinical resolution at 899, 95% Cl, 83-95 929,

6 mo after therapy

95% CI, 79-95 95% CI, 79-98
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Outreach the patient-centered care to the community
Timely response for adverse event management

Attending Nursing Patients
physicians speC|aI|sts supporters

Social
Network
Al o3 Software
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DOTS-Plus, Much More Than Just DOTS

Anywhere: either rural or urban, even far in the mountains
Omnipotent: wound care, injection, adverse events monitoring ...
Nonstop: throughout the course of treatment

FABRBEAHSNESREBREI T4

H#HE wisai # A 8

s
i, # ] | W R
U8 . f —HMEEAGESRAEL
1 144 1 fula O OF0
iR Y2 2. Bif O OFo
n h' 3. kX Oxm OFo)
RN, 4 PHREAP D& OFe)
o) p——
Ry S BEEA CAARINEARE D& DF0
0 U: 2 BFFATARAADRIALS &) Al1)
::M u'.. Rt LT
gy o 1L BERERivREseRiARizERAd R0 D00
ol e L
.- et 2. MEEFRMPS DRBEHHT - ABELEED D) OF0)
oHoe ARNASHES  REFHAAL -
ERF S TN a#)
Lk
it
#iEAR EFRE

Emergency

Allowance
15




?p\GAL Uy,

Am Z VAR A B IR AR 75
¢

Q%a«

Directly Observed Treatment, DOT i

AAAAAAA

16



Education and preparation Free cell phones and data plans User-friendly

I Adverse events [ others

E-DOT C-DOT

4.0

3.54

3.04

254

2.0

1.5

1.0

0.5

Withdrawal from LTBI treatment(%)

00 ——T1—TTT
123456?89 123 4567829

Month
All-in-one package International video DOT Lower drop-out rate by video-DOT

Lee C. J Inf Pub Health 2020
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Taipei Municipal Wan Fang Hospital (Managed by Taipei Medical University)
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Active surveillance for adverse events in
patients on longer treatment regimens for
multidrug-resistant tuberculosis in Viet Nam

Nguyen Bao Ngoc»''2?, Hoa Vu Dinh»2*, Nguyen Thi Thuy'-2, Duong Van Quang?, Cao
Thi Thu Huyen®, Nguyen Mai Hoa®, Nguyen Hoang Anh 3, Phan Thuong Dat', Nguyen
Binh Hoa', Edine Tiemersma®, Nguyen Viet Nhung'

Vietnam: 659 (Age 41) MDR-TB

71% AE, 17.5% SAE
Ngoc NB. 2021 PLoS ONE 16(9): e0255357

Drug-associated adverse events in the treatment of
multidrug-resistant tuberculosis: an individual patient data
meta-analysis

Zhiyi Lan, Nafees Ahmad, Parvaneh Baghaei, Linda Barkane, Andrea Benedetti, Sarah K Brode, James C M Brust, Jonathon R Campbell,
Vicky Wai Lai Chang, Dennis Falzon, Lorenzo Guglielmetti, Petros Isaakidis, Russell R Kempker, Maia Kipiani, Liga Kuksa, Christoph Lange,
Rafael Laniado-Laborin, Payam Nahid, Denise Rodrigues, Rupak Singla, Zarir F Udwadia, Dick Menzies, and The Collaborative Group for the
Meta-Analysis of Individual Patient Data in MDR-TB treatment 2017*

Global: 9178 MDR-TB, (Age 37)
Permanent interruption: Lev 1.3%, Mox
2.9%, Bedaqg 1.7%, Clofaz 1.6%

Amk 10.2%, Kana 7.5%, Capre 8.2% PAS

11.6%, Linezolid 14.1%
Lan Z. 2020 Lancet Resp Med

Putting in harm to cure: Drug related adverse
events do not affect outcome of patients
receiving treatment for multidrug-resistant
Tuberculosis. Experience from a tertiary
hospital in Italy

Gina Gualano', Paola Mencarini('*, Maria Musso', Silvia Mosti', Laura Santangelo?,

Silvia Murachelli?, Angela Cannas®, Antonino Di Caro®, Assunta Navarra®, Delia Goletti®,
Enrico Girardi®, Fabrizio Palmieri®

ltaly: 74 MDR-TB (Age 32)
84% AE, 15.4% SAE
Gualano G. 2019 PLoS ONE 14(2): e0212948

Adverse Events Associated with Treatment
of Multidrug-Resistant Tuberculosis in China:
An Ambispective Cohort Study

China: 751 MDR-TB (Age 44) 90.7%
AE, 55.2% Regimen adjustment,
6.8% Discontinuation of offending

drug
Chang Y. 2017 Medical Science Monitor
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Conventional longer course regimen (=20 months)

'

Group A Group B Group C Others

( Kanamycin

oycloserine ¢
(Bedaquiline) (CIofazimine) ( Ethambutol )/ CCapremycin)

C Linezolid ) //I ( PZA ' ) CAmox/CIav)
/I (Prothiénamide)

Shorter course regimen (>9 months) /( Delamanid )

(Carbapenem)

C_sm D

C  pas )

WHO, 2020 Treatment guidelines for DR-TB

BPalL/BPal+

* sisuazun
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Minimizing Nephrotoxicity of Aminoglycosides

Accumulation in Proximal Tubular Cells

-,/= s

" Proximal Tubular Cells

Y

(b)
Copyright © 2001 Benjamin Cummings, an imprint of Addison Wesley Longman, Inc.
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[ Megaln | Cubilin o Nutrient (vitamin, iron) @ Carrier protein
© Lipoproteins, hormones, enzymes, drugs and others @ Thyroglobulin, RBP?

Megalin mediated, saturable endocytosis
Christensen et al. 2002 Nature review: molecular cell biology
Nature Reviews | Molecular Cell Biology
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Risk factors for nephrotoxicity of aminoglycosides

Saturation of megalin

Aminoglycoside uptake threshold mEdIaSted endocytOSIS

Shorter dosing intervals

Cmax

L T T

-Z M EA A BICRRARHE-

Cmax

Cmax

Cmax

Reduced renal excretion
CKD, old age, DM

Saturation of megalin
» mediasted endocytosis

Once-daily vs. Thrice a day

22
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Cmax Cmax

Cmax / MIC ratio

Endosome

oo \ Cubilin
: & '
» = Cation channel

Lysosome C - g

Cmax

§ e
!

Channel activator

.
High Cmax/MIC ratio 2 Maximize bactericidal Tubular necrosis due to Megalin-mediated
efficacy endocytosis in renal proximal tubular cells
Initial daily administration of AMG ensures (Saturable)
maximal bactericidal efficacy 2> 78.4% SCC Extend dosing intervals after SCC >
within 2 months, without acquired drug Longer duration to eliminate |, Nephrotoxicity

resistance Tolerate higher accumulative dose




Stepwise De-escalation of Dosing Interval for
aminoglycosides

* Aminoglycosides (AMG) are inexpensive and
highly potent for treating multidrug-resistant
tuberculosis (MDR-TB).

* Stepwise de-escalation of AMG dosing
intervals was implemented to minimize the
nephrotoxicity

24



Dosing Interval De-escalation Protocol

* Once daily during admission
* 5 times weekly after discharge

* Thrice weekly after documented sputum culture
conversion (SCC) for a further 2 months and later

* Twice weekly for a minimum of 6 months after SCC

|

Bacterial
Burden

25
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Hepatotoxicity, Nephrotoxicity, Hypothyroidism, QTc prolongation, Ototoxicity
Bone marrow suppression, Peripheral neuropathy, Optic neuropathy, Mood disorder
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0\ (Core package):

— All serious adverse events, SAE
#EFE (Intermediate package):
— All SAE

— AE of special interest

= P& (Advanced package):

— All AE of clinical significance
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Clinical Features of Hypothyroidism

* A 40-year-old woman developed fatigue,
weight gain, constipation, dry skin, myalgia,
dyspnea, and menstrual irregularities during
the MDR-TB treatment

* Pericardial effusion, pleural effusion

https://www.uptodate.com




Adverse Events in MDR-TB Treatment

ADVERSE EVENT N (%)
Nausea/vomiting 268 (32.8)
Diarrhea 173 (21.1)
Arthralgia 134 (16.4)
Dizziness/vertigo 117 (14.3)
Hearing disturbances 98 (12.0)
Electrolyte disturbances 94 (11.5)
Abdominal pain 88 (10.8)
Anorexia 75 (9.2)
Peripheral neuropathy 65 (7.9)

ADVERSE EVENT
Depression
Tinnitus

Allergic reaction
Rash

Visual disturbances
Hypothyroidism
Psychosis

Hepatitis

Nephrotoxicity

Nathanson, 2004 JTLD

N (%)
51 (6.2)
42 (5.1)
42 (5.1)
38 (4.6)
36 (4.4)
29 (3.5)
28 (3.4)

18 (2.2)
9 (1.1)
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A case report of ethionamide associated
acquired-hypothyroidism

Thyrotropin (pU/ml)

150+ —20
140 19
—-18
130- L~
120 -16
110 15
-14
1004 13
50 =12
—-11
29 Ethionamide 10
70+ Total thyroxine restz?rted | g
60 i -8
] -7

501 ' Levothyroxine
o ! added 6
Ethionamide Ethionamide Y\ -5
30- started stopped n | 4
20 : | B
Y ! -2

104 Thyrotropin J
Ethionamide stopped - - - - » -1
0 T ] ] ] ] ] ] ] ] ] ] ] ] | | | | ] I\ ] D
L c A R A S N oA A N S o S 7
KO F N E W WY WU O & &7 W
2002 2003 2004

McDonnell, 2005 NEJM

Total Thyroxine (ug/dl)
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Hypothyroidism in MDR-TB Treatment

seres N %

Lesotho, 2012 186 69%
S. Africa, 2011 137 58%
Botswana, 2012 213 34%
India, 2016 188 23%
India, 2016 52 21%

Safti, 2012 IJTLD; Thee, 2011 JTLD; Modongo 2012 IJTLD; Munivenka, 2016 J Tuberc Res; Dutta, 2012 IJTLD
+ miruazun
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Taipei Municipal Wan Fang Hospital (Managed by Taipei Medical University)
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Dose-Dependent Bactericidal Effect

* Moxifloxacin
— AUC/MIC >100 (MIC 0.5 mcg/ml)

Predicts bactericidal effect of log-phase growth
during monotherapy
— MSC.;,=2 mcg/ml
minimal conc. to kill 50% of bacteria in a
stationary (slowly or infrequently growing) phase.
— MDC;,=4 mcg/ml

minimal conc. to kill 50% of bacteria in a dormant
phase.
Anna Diewerke Pranger, Rijksuniversiteit Groningen 2018
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Conc.-dependent QT prolongation (Toxicity)

AAQTF (ms)

Effect of moxifloxacin in fed
and fasted states
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Taubel J, Br J Clin Pharam 2013, doi: 10.1111/bcp.12168
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The Gap between Efficacy and Toxicity

* Shorter Course Needs Higher Dose

— Conventional > 18-month regimen
* Moxifloxacin 400 mg
* Levofloxacin 750 mg
* Linezolid 600 mg
— Short-course > 9-month regimen
* Moxifloxacin 800 mg

— Nix-TB Trial 6-month BPAL regimen
* Linezolid 1200 mg

— NEXT study > 6-month regimen
* Levofloxacin 750-1000 mg
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* Only a few subjects were eligible for clinical
trials.

e Patients with comorbidities, extreme BMI,
advanced age, drug-drug interaction are
usually not covered during the development
of pharmacometrics data in phase I-1ll stages.

One-size-fits-all

Individually optimized
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Levofloxacin Cmax in MDR-TB (Tanzania)
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eCmax <7.55 pg/ml eCipyax = 7.55 pg/ml P value

n=18 n=15
Wide variabili ty in Cmax Time to Sputum Culture Conversion in days 47.8+£26.5 38.3+£22.7 0.27
Only 1/3 reached the target rreatment outcome?
Cured 6(33.3) 10 (66.7) 0.06
In ad eq uate Cmax . Treatment completed 7(38.9) 3(20.0)
- Later sputum conversion
. . Death 4(22.2) 2(13.3)
- Acquired resistance
Development of acquired drug resistance 1 (4.5) 0(0)
Favorable? 13 (72.2) 13 (86.7) 0.31

Andrew Ebers, PLoS one, 2017 doi: 10.1371/journal.pone.0170663 38
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Therapeutic Drug Monitoring (TDM)

* The clinical laboratory assay of a chemical parameter
that, with appropriate medical interpretation, will
directly influence drug prescribing procedures.

* Individualization of drug dosage by keeping plasma

(blood) drug conc. within a targeted therapeutic
range.

e TDM is certainly not suitable for every drug in every
patient and every disease.

Kang JS, Korean J Int Med 2009. doi: 10.3904/kjim.2009.24.1.1
Buclin T, Front Phar 2020. doi:10.3389/fphar.2020.00177
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Are TB Drugs Suitable Candidates to TDM?

* Significant between-subject PK variability
— Absorption: moxifloxacin, linezolid
— Distribution: clofazimine, bedaquiline, moxifloxacin
— Metabolism: isoniazid, pyrazinamide, moxifloxacin
— Excretion: levofloxacin, ethambutol, 2"-line Inj

* Poorly predictable from individuals'
characteristics

* A standard dosage achieves a wide range of drug
exposure
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* A narrow therapeutic margin
forbidding the use of very high
standard doses in all patients to
ensure overall efficacy.

* Absence of PD markers for
efficacy and/or toxicity readily
assessable. (warfarin)

* Consistent PD relationships
between drug exposure and
efficacy and/or toxicity.
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Predictability after Dosage Optimization

e Sufficient treatment duration and criticality
for patient's condition to justify dosage
adjustment efforts

* Acceptable PK stability, limited within-subject
PK variability over time
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Moxifloxacin 2020-2021

Conc 2hr (mcg/ml)
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Baseline QTc of Patients in TMTC
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QTc Prolongation during Treatment
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Circadian Rhythm + Fluoroquinolones
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Treatment Outcomes of MDR-TB in Taiwan i
Tackling Loss to Follow-up S

T.
Albg,
.)V
s

32.4

%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

B Success M Death M Failure Lost to follow up

Predictor Univariate Multivariate
(0]} (95% Cl) aOR (95% Cl)

Age, year

<45 224 Reference Reference

45-64 294 0.55 (.31-.99) 0.71 (.37-1.35)

265 168 0.16 (.09-.28) 0.19 (.10-.35)
FQ resistance 121 0.64 (.40-1.03) 0.49 (.29-.85)
Cancer 41 0.12 (.06-.23) 0.11 (.05-.24)
Chronic kidney disease 46 0.25 (.14-.47) 0.28 (.14-.55)

Ming-Chih Yu. Clin Infect Dis. 2018 Jul 15; 67(2): 202-210.
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