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Rifampin

Every TB treatment decision starts
or not one can use rifamp
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Table 3. Mantel-Haenszel Weighted Relative Risks for Treatment Outcome of New and
Retreatment Tuberculosis (TB) Cases With Drug Resistance™

Weighted Relative Risk (95% Confidence Interval)

|
Treatment Success

Mortality

Failure

All resistant cases

New Cases
0.90 (0.86-0.93)t

1.45 (0.97-2.16)

5.35 (3.87-7.40/

Any resistance excluding
multidrug-resistant TB

0.95 (0.92-0.99)}

1.01 (0.62-1.66)

3.27 (2.20-4.87)t

Janette Baéz. MD. MPH

Multidrug-resistant TB

0.61 (0.53-0.70)t

373(2.13-653)1 [ 15.4 (10.6-22.4)1 |

Arata Kochi. MD, PhD

Christopher Dye, DPhil

Mario C. Raviglione, MD

JAMA, May 17, 2000—Vol 283, No. 19

Any rifampicin resistance excluding
multidrug-resistant TB

0.92 (0.82-1.03)

0.68 (0.16-2.39)

5.48 (3.04-9.87)t

Any isoniazid resistance excluding
multidrug-resistant TB

0.97 (0.91-1.00)§

1.08 (0.54-2.14)

3.06 (1.85-5.05)t

Any resistance excluding multidrug,
rifampicin, and isoniazid

0.98 (0.93-1.02)

1.07 (0.52-2.23)

1.33 (0.59-2.97)

Single-drug resistance

0.96 (0.93-1.00)

1.20 (0.70-2.07

2.66 (1.63-4.35)f

Rifampicin

0.92 (0.80-1.06)

)
0.51 (0.08-3.41)

5.47 (2.68-11.2)t

Isoniazid

0.96 (0.90-1.02)

151 (0.68-3.34)

2.21 (1.00-4.51)

Streptomycin

0.96 (0.91-1.01)

1.27 (0.59-2.73)

2.33 (0.95-5.71)

Ethambutol

1.08 (0.99-1.17)

2.13 (0.47-9.75)

0.00 (0.00-0.00)
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Regarding the Laboratory and Rifampin

* Early rifampin detection sets the trajectory of all other treatment
decisions for both TB disease and TB infection (LTBI)

* Nucleic acid-based tests that detect Mtb and offer information on
rifampin resistance/susceptibility are highly coveted

* Clinically, susceptibility to rifampin is used interchangeably for
susceptibility to rifampin, rifabutin and rifapentine so, this one finding,
opens a whole chest of treatment options




'A Clinician’s View of

First Line TB Drug Susceptibilities

A patient with an INH and rifampin susceptible organism can be cured
with just those two drugs, these results are most important

Resistance to each of the first line drugs has different implications,
clinically and epidemiologically

Rifampin is the most important

PZA monoresistance implies M. bovis infection which has different
implications for contact investigation

EMB resistance is only relevant to clinicians if other drugs show
resistance




New Treatment Regi
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SHINE Trial

Shorter Treatment for Minimal Tuberculo?
Children |
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SHINE Trial Design

Children ages 0-16 years old

Multicenter, open-label, parallel-group, non-inferiority, randomized
controlled, two-arm trial

 Comparing a 4-month vs the standard 6-month regimen

Endpoint: favorable outcome; TB-free survival at 72 weeks

Margin of Inferiority set at 6%
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Exclusion Criterion

1. Smear-positive respiratory sample TB
(note: smear-positive peripheral lymph node sample is allowed)

2. Premature (<37 weeks) and aged under 3 months

3. Miliary TB, spinal TB, TB meningitis, osteoarticular TB, abdominal TB, congenital TB

o

Pre-existing non-tuberculous disease likely to prejudice the response to, or assessment
of, treatment e.g. liver or kidney disease, peripheral neuropathy, cavitation

Any known contraindication to taking anti-TB drugs

Known contact with drug resistant adult source case (including mono- resistant TB)
Known drug resistance in the child

Severely sick

© 0 N o U

Pregnancy




Laboratory Support for SHINE Regimen

* As is frequently the case in children, susceptibilities for the
source case guide the treatment course

* Use of this regimen is dependent on any organisms collected
from the source case being susceptible to at least INH,
rifampin and PZA

* Shorter treatment courses dictate a need for early detection
of possible resistance




T0 HAVE BETTER TURN AROUND TIMES YOU
WOULD HAVE TO FULLY STAFF THELAB e




FIGURE 1: TUBERCULOSIS TREATMENT SHORTENING MILESTONES
1940s 1960s 1990s 2020s
1944 1960 1998 2020
PAS ethionamide rifapentine
1948 1961
streptomycin ethambutol 4-month regimen
1963 DS-TB
capreomycin rifampicin 2HPMZ/2HPM
@ {Z O O O O (2 ¥
1950s 1980s 2010s
1952 2012
,,,,, isoniazid bedaquiline
/ 6-month regilmen
= 1954 Ds-TB 2014
\ pyrazinamide 2HRZE/4HR rifapentine® delamanid
\ 1955 2016
cycloserine
1957
kanamycin 9-12-month regimen
DR-TB
2019

pretomanid

6-9-month regimen
DR-TB
6-9BPalL

*approved for treating latent TB infection

24 Duration of Treatment —————————) 4

months months

https://www.treatmentactiongroup.org/publication/an-activists-guide-to-shorter-treatment-for-drug-sensitive-tuberculosis/



Treatment shortening regimen (TBTC Study 31) —
Drug Sensitive TB

The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Four-Month Rifapentine Regimens
with or without Moxifloxacin for Tuberculosis

S.E. Dorman, P. Nahid, E.V. Kurbatova, P.P.J. Phillips, K. Bryant, K.E. Dooley,
M. Engle, S.V. Goldberg, H.T.T. Phan, J. Hakim, J.L. Johnson, M. Lourens,
N.A. Martinson, G. Muzanyi, K. Narunsky, S. Nerette, N.V. Nguyen, T.H. Pham,
S. Pierre, A.E. Purfield, W. Samaneka, R.M. Savic, |. Sanne, N.A. Scott, ]. Shenje,
E. Sizemore, A.Vernon, Z. Waja, M. Weiner, S. Swindells, and R.E. Chaisson,
for the AIDS Clinical Trials Group and the Tuberculosis Trials Consortium

2234 participants (194 PLHIV, 1703 with cavity on CXR)
Randomized 1:1:1 to 3 arms
Noninferiority study

N EnglJ Med 2021;384:1705-18.



Study 31 - Laboratory

* |nclusion criterion:

* Diagnosed pulmonary tuberculosis confirmed on culture to be susceptible to INH,
rifampin and fluroquinolones

\*\ e At least one sputum specimen positive for
* AFB on smear microscopy
* Xpert MTB/RIF (with a medium or high semiquantitative result)

* 2 sputum specimens were collected at all scheduled visits at or after week 17
* Smear microscopy and culture by MGIT obtained at baseline
* Phenotypic testing at baseline and any Mtb positive cultures after week 17
* WGS on any positive cultures collected after week 17 (compared to baseline)




Study 31 Laboratory

Schedule of procedures/evaluations. ;
Visit window Screen Up to 7 days +/= three (3) days + /= seven (7) days Possible poor Post early E
after screen freatment response  termination visit' M
n
Visit Baseline WE2Z WK4 WK & WE 12 WE 17 WK22 WK26 MO9 MOI1Z MOI15 MO I8 !\J
Informed consent X w
Inclusion/Exclusion X X T
Demographics, medical history X 1]
Contact information X X X X X X X X X X X X X X X Qo
Symptoms X X X X X X X X X X X X X X E
Concomitant medications X X X X X X X X X X X X X X M
Adverse events X X X X X X X X o
Interval medical history X X X X X =
Height X E
Weight X X X X X X X X X X X X X X X =
Chest radiograph X X X X =5
Visual tests X X 0,
HIV test X o
CD4, HIV viral load (if HIV-pos) ¥ g
Pregnancy testing X ~+
Randomization X m
Sputum for smear and culture” X X X X X X XX VS SR S+ SIS SRS+ G 5 + <
Sputum for rapid molecular test, if available at - X ﬂi
site c
Storage of Mth bacterial isolate X X X X X X X X X X ,n."..
Diabetes screen” X 6‘
ALT, bilirubin, creatinine, hemoglobin, WBC X X X X X X X X =
with differential, platelets w

Supplement to: N Engl J Med 2021;384:1705-18.




Study 31 — Treatment Arms

Control
(2HRZE/4HR)

RPT
(2HPZE/2HP)

Control
(2HPZM/4HPM)

Notes:

HRZE dosed at standard doses

Dosed daily, 7 days/week, observed 5 days/week
Rifapentine 1200 mg (8 tablets)

Moxifloxacin 400 mg

Isoniazid (H)
Rifampin (R)
Ethambutol (E)
Pyrazinamide (Z)

Isoniazid (H)
Rifapentine (P)
Ethambutol (E)

Pyrazinamide (Z)

Isoniazid (H)
Rifapentine (P)
Moxifloxacin (M)
Pyrazinamide (Z)

— gy
—
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Study 31 - Results

—&— Primary: adjusted for HIV and cavitation —O— Primary: unadjusted
—e— Secondary: adjusted for HIV and cavitation

Percentage-Point Difference (95% Cl)

—o— Secondary: unadjusted

Ri'Fapentin Control

Analysis Population

Analysis Population

Rifapentine

% (no. with unfaverable outcome/total no.)

Rifapentine—Moxifloxacin Better

Control

2 (no. with unfovorable outcome total no.) 66 %

Intention to treat 21.3 (181/849) 20.9 (173/829) : 0.4 -3.5t04.3)
: 0.5 [-3.5 to 4.4)
Microbiclogically eligible 15.5 (123/791) 14.6 (112/768) " i 1.0 {-2.6 to 4.5)
o ! 1.0 (-2.6 to 4.5)
Assessable 11.6 (88/756) 9.6 (70/7286) - : 2.0 (-1.1to 5.1)
o ! 2.0 (-1.1 to 5.1)

Per-protocol 75% 6.1 (43/706) 3.1 (21/673) — e i 3.0 (0.8 to 5.2)

—_— ! 3.0 (0.8 to 5.2)

Per-protocol 95% 5.8 (37/641) 2.7 (15/563) ——————— 3.1 {0.9t0 5.3)

T i 3.1 (0.9 to 5.4)

4 2 2 4 & 8 10

Control Better

Percentage-Point Difference (95% Cl)

Intention to treat 23.0 (193/838) 20.9 (173/829) . : 2.1 (-1.8t0 6.1)
! 2.2 (-1.8t0 6.1)
Microbiologically eligible 17.7 (139/784) 14.6 (112/768) - : 3.0 (~0.6 to 6.6)
o ! 3.1 (~0.5 to 6.8)

Assessable 14.2 (107/752) 9.6 (70/726) - : 4.4 (1.2107.7)

o : 4.6 (1.3 10 7.9)

Per-protocol 75% 10.5 (75/715) 3.1 (21/673) L 7.3 (4.7 t0 9.9)
! 7.4 (4.3 to 10.0)
Per-protocol 95% 10.9 (71/650) 2.7 (15/563) : . 8.2 (5.5 to 11.0)
! o 8.3 (5.5 to 11.0)

4 2 2 4 & 8 10
Rifapentine Better Control Better

N Engl J Med 2021;384:1705-18.




Study 31 Microbiologic Outcomes

Table 2. Primary Efficacy Analysis in the Microbiologically Eligible and the Assessable Populations.*
Outcome Microbiclogically Eligible Population Assessable Population
Rifapentine— Rifapentine—
Control Moxifloxacin Rifapentine Total Control Moxifloxacin Rifapentine Total
(N=768) (N=791) (N=784) (N=2343) (N=726) (N=756) (N=752)  (N=2234)
Favorable
Participants with outcome — no. (%) 656 (85.4) 668 (84.5) 645 (82.3) 1969 (84.0) 656 (90.4) 668 (88.4) 645 (85.8) 1969 (88.1)
Adjusted difference from control — percentage NA 1.0 (-2.6t0 4.5) 3.0 (0.6 to 6.6) NA NA 20(-1.1t05.1) 44(1.2t07.7) NA
points (95% Cl)
Participant had negative culture at month 12 — no. (%) 643 (83.7) 656 (82.9) 636 (81.1) 1935 (82.6) 643 (88.6) 656 (86.8) 636 (84.6) 1935 (86.6)
Participant was seen at month 12 but no sputum was 13 (1.7) 12 (1.5) 9 (1.1) 34 (1.5) 13 (1.8) 12 (1.6) 9(1.2) 34 (1.5)
produced or cultures were contaminated but
without evidence of M. tuberculosis — no. (%)
Unfavorable
Participants with outcome — no. (%) 112 (14.6) 123 (15.5) 139 (17.7) 374 (16.0) 70 (9.6) 88 (11.6) 107 (14.2) 265 (11.9)
Outcome related to tuberculosis — no. (%) 24 (3.1) 45 (5.7) 75 (9.6) 144 (6.1) 24 (3.3) 45 (6.0) 75(10.0) 144 (6.4)
Two consecutive positive cultures at or after week 11 (1.4) 34 (4.3) 63 (8.0) 108 (4.6) 11 (1.5) 34 (4.5) 63 (3.4) 108 (4.8)
174
Participant not seen at month 12 but had positive 11 (1.4) 3(0.4) 4(0.5) 18 (0.8) 11 (1.5) 3(0.4) 4 (0.5) 18 (0.8)

culture when last seen

Clinical diagnosis of tuberculosis recurrence and 2 (0.3) 8 (L.0) 8 (1.0) 18 (0.8) 2 (0.3) 8 (1.1) 8 (1.1) 18 (0.8)
treatment restarted

1 case with exogenous reinfection confirmed by WGS




TCDC Recommendations for Laboratory Assessment -
4 Month Rifapentine-Moxifloxacin Regimen

Centers for Disease Control and Prevention

Morbidity and Mortality Weekly Report
Weekly /Vol. 71 / No. 8 February 25, 2022

Interim Guidance: 4-Month Rifapentine-Moxifloxacin Regimen for the
Treatment of Drug-Susceptible Pulmonary Tuberculosis — United States, 2022

Wendy Carr, PhD'; Ekaterina Kurbatova, MD''; Angela Starks, PhD; Neela Goswami, MD?; Leeanna Allen, MPH!; Carla Winston, PhD?

TABLE 2. Baseline and follow-up evaluations for patients treated with a 4-month rifapentine-moxifloxacin regimen — United States, 2022*

Week 8 Week 17
Evaluation Baseline Week4 (end of intensive phase) Week 12 (end of treatment)
Microbiology
Sputum for rapid molecular test® Y NA NA NA NA
Sputum for AFB smear and culture$ Y Y Y Y9 Ye
Drug susceptibility testing** Y NA Y1 NA NA

T At least one baseline specimen is advised to be tested using a rapid molecular test for susceptibility to INH, PZA, RIF, and fluoroquinolones.
5 Sputa for AFB smear and culture should be obtained at baseline, then monthly until two consecutive specimens are AFB smear- and culture-negative.
9 These activities are optional or contingent on other information.
*#* Drug susceptibility at least for INH, RIF, PZA, and fluoroquinolones (preferred fluoroquinolone is MOX) should be obtained. Drug susceptibility testing (rapid
molecular preferred) should be repeated if patient’s culture remains positive after completing 2 months (8 weeks) of treatment.

https://www.cdc.gov/mmwr/volumes/71/wr/mm7108al.htm




Should the Fluoroquinolones be
first line drug testing.....
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Table 3. Mantel-Haenszel Weighted Relative Risks for Treatment Outcome of New and
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Weighted Relative Risk (95% Confidence Interval)
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Treatment Success

Mortality
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0.90 (0.86-0.93)t
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5.35 (3.87-7.40/
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1.33 (0.59-2.97)

Single-drug resistance
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1.20 (0.70-2.07

2.66 (1.63-4.35)f

Rifampicin
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TB Cases by Isoniazid Resistance and Origin of Birth,
United States, 1993-2020
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Treating INH-resistant Disease

Comparison of different treatments for isoniazid-resistant
tuberculosis: an individual patient data meta-analysis

Federica Freqonese, Shama D Ahuja, Onno W Akkerman, Denise Arakaki-Sanchez, Irene Ayakaka, Parvaneh Baghaei, Didi Bang,

Mayara Bastos, Andrea Benedetti, Maryline Bonnet, Adithya Cattamanchi, Peter Cegielski, Jung-Yien Chien, Helen Cox, Martin Dedicoat,
Connie Erkens, Patricio Escalante, Dennis Falzon, Anthony ] Garcia-Prats, Medea Gegia, Stephen H Gillespie, Judith R Glynn, Stefan Goldberg,
David Griffith, Karen R Jacobson, James C Johnston, Edward C Jones-Ldpez, Awal Khan, Won-Jung Koh, Afranio Kritski, Zhi YiLan, Jae Ho Lee,
Pei Zhi Li, Ethel L Maciel, Rafael Mello Galliez, Corinne S C Merle, Melinda Munang, Gopalan Narendran, Viet Nhung Nguyen, Andrew Nunn,
Akihiro Ohkado, Jong Sun Park, Patrick PJ Phillips, Chinnaiyan Ponnuraja, Randall Reves, Kamila Romanowski, Kwonjune Seung,

H Simon Schaaf, Alena Skrahina, Dick van Soolingen, Payam Tabarsi, Anete Trajman, Lisa Trieu, Velayutham V Banurekha, Piret Viiklepp,

Jann-Yuan Wang, Takashi Yoshiyama, Dick Menzies

Lancet Respir Med 2018;
6:265-75

Regimen Numberof Number of P* Numberof Propensity score matched analysist
datasets  events/number pairs usedf
included  of patients on
treatment
aOR (95% Cl) Risk difference per 1000 patients

treated (95% Cl)
Analyses in all patients (with or without isoniazid)
Mortality (all durations) (H)REZ +FQ 15 25/524 12% 522 07(0-4to1:1) -20(-50t0 0)
Mortality (all durations) (H)REZ NA 97/2174 NA NA 1 (ref) 0 (ref)
Success >6(H)REZ+FQ 15 245/251 36% 248 2.8 (1-1to7-3) 50 (0to 90)
Success >6(H)REZ NA 1253/1350 NA NA 1 (ref) 0 (ref)
Success (restricted to later >6(H)REZ+FQ 15 161/165§ 44% 164 2.9(0-9t09-3)  60(-20to 140)
generation FQ: Moxi/Levo/Gati)
Success (restricted to later >6(H)REZ NA 1253/1350 NA NA 1 (ref) 0 (ref)
generation FQ: Moxi/Levo/Gati)
Acquired rifampicin resistance  =6(H)REZ+FQ 10 1/2219 2% 220 0-1(0-0to1-2) 30 (-60to 0)
Acquired rifampicin resistance  26(H)REZ NA 44/11609 NA NA 1 (ref) 0 (ref)
Patients who received isoniazid excluded
Mortality REZ+FQ 14 8/219 0 205 04(02t011)  -20(-60t020)
Mortality REZ NA 41/1054 NA NA 1 (ref) 0 (ref)
Success =6REZ+ FQ 14 131/135 3% 127 54 (1-8t016:6) | 130 (-40 to 230)
Success >6REZ NA 837/927 NA NA 1 (ref) 0 (ref)
Acquired rifampicin resistance  =6REZ + FQ q 1/111 NE** 107 01(0-0t01.0) -70(-140to00)
Acquired rifampicin resistance  =6REZ NA 43/813 NA NA 1 (ref) 0 (ref)
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Mortality (all durations) (H)REZ NA 97/2174 NA NA 1 (ref) 0 (ref)
Success >6(H)REZ+FQ 15 245/251 36% 248 2.8 (1-1to7-3) 50 (0to 90)
Success >6(H)REZ NA 1253/1350 NA NA 1 (ref) 0 (ref)
Success (restricted to later >6(H)REZ+FQ 15 161/165§ 44% 164 2.9(0-9t09-3)  60(-20to 140)
generation FQ: Moxi/Levo/Gati)
Success (restricted to later >6(H)REZ NA 1253/1350 NA NA 1 (ref) 0 (ref)
generation FQ: Moxi/Levo/Gati)
Acquired rifampicin resistance  =6(H)REZ+FQ 10 1/2219 2% 220 0-1(0-0to1-2) | -30(-60t0 0)
Acquired rifampicin resistance  26(H)REZ NA 44/11609 NA NA 1 (ref) 0 (ref)
Patients who received isoniazid excluded
Mortality REZ+FQ 14 8/219 0 205 04(02t011)  -20(-60t020)
Mortality REZ NA 41/1054 NA NA 1 (ref) 0 (ref)
Success =6REZ+ FQ 14 131/135 3% 127 54 (1-8t016:6) 130 (-40 to 230)
Success >6REZ NA 837/927 NA NA 1 (ref) 0 (ref)
Acquired rifampicin resistance  =6REZ + FQ q 1/111 NE** 107 0-1(0-0t01.0) | -70(-140t00)
Acquired rifampicin resistance  =6REZ NA 43/813 NA NA 1 (ref) 0 (ref)




INH-Resistant TB Disease

* INH resistant TB in the US:
* 643 casesin 2019, 419 cases in 2020
* 8-9% treatment naive patients, 13-19% in patients with previous TB
e Similar rates in US-born and non-US born

e Clear improvement in treatment outcomes with addition of a
fluoroquinolone

* Treatment is considered adequate once the FQ is added. Treatment
prior to FQ addition is not counted toward length of treatment




Historical Treatment for
Drug Susceptible versus MDR TB

Initial Phase
l / Continuation Phase
6-9 months of thera
Py 2 years of therapy
\ 50-55%
Favorable
outcomes

\ 4-5 active drugs (mostly 2" line) \

4 active drugs (mostly 2" line)




Drugs for TB

Tuberculosis drug discovery/development

Pyrazinamide Ethionamide

Streptomycin lsoniazid Kanamycin/amikacin | Capreomycin

PAS  Thioacetazone Cycloserine

Rifampin EMB

14413
961
cG61
GG61
9G6 1
LG61
G961
9961
1961
8961




HIV Medications

(Developed since 1968)
HIV Medication Chart

Combination Antiretrovirals
Delstrigo

Atripla Biktarvy Combivirt Complera
(EFV/TDF/FTC) (BIC/TAF/FTC) (ZDV/3TC) (RPV/TDF/FTC) (DOR/TDFATC)
o " A ¢ [
sy [ESSER e - 3
Descovy Dovato Epzicom’ Genvoya Juluca
(TAF/FTC) (DTG/3TC) (ABC/3TC) (EVG/COBI/TAF/FTC) (DTG/RPV)
Odefsey Stribild Symtuza Triumeq Truvada
(RPV/TAF/FTC) (EVG/COBI/TDF/FTC) (DRV/COBI/TAF/FTC) (DTG/ABC/3TC) (TDF/FTC)

Protease Inhibitors (Pl)

Evotaz Kaletra*® Lexiva* Prezcobix
(ATV/COBI) (lopinavir/ritonavir, LPV/RTV) (fosamprenavir, FPV) (DRV/COBI)
= e Con L L :
‘ ) \ - .
Prezista® Reyataz*' Viracept*
(darunavir, DRV) {atazanavir, ATV) {nelfinavir, NF\V)

A e

Entry Inhibitors

* Also available in liquid or powder form. *tGeneric formulation available. “Chewable form available.

Emtriva* Epivir:t Retrovir*t
(emtricitabine, FTC)  (lamivudine, 3TC) (zidovudine, ZDV)
-
- -
e
"
Viread*T Ziagen*t ! Vemlidy
(tenofovir DF, TDF) (abacavir, ABC) (tenofovir alafenamide, TAF)
i FDAapproved for HEV only
Non-Nucleoside Reverse Transcriptase
Inhibitors (NNRTI)
Edurant Intelence Pifeltro
(rilpivirine, RPV) (etravirine, ETR) (doravirine, DOR)
Sustiva® Viramune*T
(efavirenz, EFV) (nevirapine, NVF)
£ ’ —

Integrase Inhibitors (INSTI) Boosting Agents

Fuzeon Selzentry Trogarzo Isentress*® Isentress HD  Tivicay Norvir*t Tybost
(enfuvirtide, T-20) {maraviroc, MVC) (Ibalizumab, IBA) (raltegravir, RAL)  (raltegravir, RAL) (dolutegravir, DTG) (ritonavir, RTV) (cobicistat, COBI)
Fusion Inhibitor CCRS Antagonist Post-Attachment Inhibitor
= o
- B > 4 &
CES : < ’
All pills shown In relatlve size/scale. Medlication brand names appear in bold. Generic names and commonly used abbreviations appear in parentheses.
6/19

https://anthc.org/wp-content/uploads/2015/12/HIV_MedChart_052016.pdf




TB Medications

(Developed since 1968)

* Bedaquiline in 2012

fx‘{‘»o’
* Delamanid in 2014 (but notin US) - | e Y
* Pretomanid 2019 .
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Treatment of Drug-Resistant Tuberculosis
An Official ATS/CDC/ERS/IDSA Clinical Practice Guideline

Payam Nahid, Sundari R. Mase, Giovanni Battista Migliori, Giovanni Sotgiu, Graham H. Bothamley, Jan L. Brozek,
Adithya Cattamanchi, J. Peter Cegielski, Lisa Chen, Charles L. Daley, Tracy L. Dalton, Raquel Duarte,

Federica Fregonese, C. Robert Horsburgh, Jr., Faiz Ahmad Khan, Fayez Kheir, Zhiyi Lan, Alfred Lardizabal,

Michael Lauzardo, Joan M. Mangan, Suzanne M. Marks, Lindsay McKenna, Dick Menzies, Carole D. Mitnick,

Diana M. Nilsen, Farah Parvez, Charles A. Peloguin, Ann Raftery, H. Simon Schaaf, Neha S. Shah, Jeffrey R. Starke,
John W. Wilson, Jonathan M. Wortham, Terence Chorba, and Barbara Seaworth; on behalf of the American Thoracic
Society, U.S. Centers for Disease Control and Prevention, European Respiratory Society, and Infectious Diseases
Society of America

THIS OFFICIAL CLINICAL PRACTICE GUIDELINE WAS APPROVED BY THE AMERICAN THORACIC SOCIETY, THE EUROPEAN RESPIRATORY SOCIETY, AND THE INFECTIOUS
Diseases Soclery oF AMERICA SEPTEMBER 2019, AND was CLEARED BY THE U.S. CeNTERS FOR Disease CONTROL AND PREVENTION SEPTEMBER 2019

Am J Respir Crit Care Med Vol 200, Iss 10, pp e93-e142, Nov 15, 2019

Drugs Comments

Group A Levofloxacin or moxifloxacin: bedaquiline; Include all three medicines (unless they
linezolid cannot be used)

Group B Clofazimine; cycloserine or terizidone Add both medicines (unless they cannot

be vsed)

Group C Ethambutol; delamanid; pyrazinamde; Add to complete a four-drug to five-drug
imipenem-cilastatin or meropenem (both must  regimen and when medicines from
be given with clavulanic acid); amikacin or groups A and B cannot be used
streptomycin; ethionamide or prothionamide;
para-aminosalicylic acid

Table 2: 2018 WHO grouping of medications for second-line drug-resistant tuberculosis™

www.thelancet.com Vol 393 April 20, 2019

Recommendation
Drug / Dru Certainty Ralative Ralative
c?lass g in the {95% CI) {95% CI)
evidence Death Success
FOR AGAINST
- OR 0.4 OR 2.0
Bedaquiline Vary Low [;3 to 0.5} “ﬁ_d t02.9)
Fluoroquinolone: a0R 0.5 a0R 3.8
Moxifloxacin Vary Low 0.4 t0 0.6} (281252
Fluoroquinolone: a0R 0.6 a0R 4.2
Levofloxacin Very Low (0.5 to 0.7) (3312 5.4)
) . a0DR 0.3 a0R 3.4
Linezolid Vary Low 0.2 to 0.3) (2.6 to 4.5)
Clofazimine Vary Low ﬁg?ac:f'o-. <:??oizﬁ|
: OR 0.6 OR 1.5
Cycloserine Very Low 05 10 0.6) (HatodT
:'Jmaichm;:f& Vary L a0R 1.0 a0R 2.0
ary Low 081t01.2) (15102.8)
Injectables: 20R 0.8 aDR1.5
Streptomycin Very Low (06 ta1.1) A1 ta2.1)
20R 1.0 a0R 0.9
Ethambutol Very Low (0.9 ta 1.2 (0.7 t2 1.1
o a0R 0.7 a0R 0.7
Pyrazinamide Very Low (0.5 ta 0.8) (0.5 1o 0.9
Injectables:
a0R 1.0 a0R 4.0
Carbapenems wi/ Very Low 05t 1.7) (1.7 2 0.1
clavulanic acid
Delamanid
Ethionamide a0R 0.9 a0R 0.8
Prothionamide Very Low (08 ta 1.0) (0.7 to 0.9)
Injectables: 20R 1.1 a0R 0.5
Kanamycin Very Low 0910 1.2) (0.4 to 0.6}
P-Aminosalicylic v L aOR 1.2 a0R 0.8
Acid any Low (1.1 to1.4) (0.7 to 1.0}
Injectables: a0R 1.4 aDR 0.8
Capreomycin Very Low (1.1 t01.7) (006 to 1.1}
Macrolides: OR 1.6 ORO0E
Azithromycin Vary Low il i
Clarithromyein (1.2 t02.0) (0.5 1o 0.8}
Amaoxicillin- aOR 1.7 alR 0.6
clavulanate Strong Very Low (13to21) (0.5 to 0.8

Figure 1. Summary of recommendations on drugs for use in a treatment regimen for patients with
multidrug-resistant tuberculods, including strength of recommendation, certainty in the evidence, and
relative effects on death and treatment success. Addiional details and other outcomes of interest ane
provided in the section on Drugs and Drug Classes, and in Apeenox B: Evoence PromLes in the online
supplement. Success is defined as end of treatment cure or treatment completion. a0R = adjusted
odds ratio; Cl =confidence interval; WHO =World Health Organization.



WHO determined the revised XDR-TB definition
will need to:

* Consider the key role of FQNs in the treatment of MDR/RR-TB
* Disregard the 2"d line injectable agents

e Consider the important role of the new or repurposed drugs in Group A
especially bedaquiline and linezolid as part of the longer regimens, and
the BPaL regimen

* Be feasible for implementation by NTPs

* Be practical and useful for making clinical decisions and when deciding on
eligibility while designing treatment regimens

* |dentify a resistance pattern that signals the need for an important
change in the treatment options

Courtesy of Barbara Seaworth, MD




Definition of pre-XDR-TB and updated
definition of XDR-TB?

Pre-XDR-TB: TB caused by MTB (M.
tuberculosis) strains that fulfil the definition of
MDR/RR-TB and that are also resistant to any
fluoroquinolone.

XDR-TB: TB caused by MTB (M. tuberculosis)
strains that fulfil the definition of MDR/RR-TB
and that are also resistant to any
fluoroquinolone and at least one additional
Group A drugP

Annex 1: Grouping of medicines recommended for use in longer

MDR-TB regimensa

MDR/RR-TB: multidrug-resistant or rifampicin-resistant tuberculosis; TB: tuberculosis; XDR-
TB: extensively drug-resistant tuberculosis

aThe fluoroquinolones include levofloxacin and moxifloxacin, because these are the
fluoroquinolones currently recommended by WHO for inclusion in shorter and longer
regimens.

Group A drugs are currently levofloxacin or moxifloxacin, bedaquiline and linezolid;
therefore, XDR-TB is MDR/RR-TB that is resistant to a fluoroquinolone and either
bedaquiline or linezolid (or both). The Group A drugs may change in the future; therefore,
the terminology “Group A will apply to any Group A drugs in the future.

Groups & steps Medicine
levofloxacin OR L
moxifioxaci Mhx

Group A:

Incluce all three: medicines bedanuiiness Bdy
Inezolid” Lz
clofazimine Cfz

Group B: .

Add ane or both medicines cycloserine OR Cs
terzidone Trd
ethambutol E
delamanid= Dl
pyrazinamide’ i

T imipenem-cilastatin OR [pm-Cin

Add to complete the regimen and Mergpenem? Mpm

when medicines from Groups A and W

B cannot be used armikacin OR Am
streptormyein” (S)
ethionamics OF Eto
prathionamicds Pto
p-aminosalicylic acid FAS

Courtesy of Barbara Seaworth, MD




FIGURE 1: TUBERCULOSIS TREATMENT SHORTENING MILESTONES

https://www.treatmentactiongroup.org/publication/an-activists-guide-to-shorter-treatment-for-drug-sensitive-tuberculosis/

1940s 1960s 1990s 2020s
1944 1960 1998 2020
PAS ethionamide rifapentine
1948 1961
streptomycin ethambutol 4-month regimen
1963 DS-TB
capreomycin rifampicin 2HPMZ/2HPM
® L O O O O £ ) E
1950s 1980s 2010s
1952 2012
isoniazid bedaquiline
&6-month regimen
1954 DS-TB 2014
pyrazinamide 2HRZE/4HR rifapentine® delamanid
1955 2016
cycloserine
1957
kanamycin 9-12-month regilmen
DR-TB
2019
pretomanid
6-9-month regimen
DR-TB
— 6-9BPalL
*approved for treating latent TB infection
24 ) 4
Duration of Treatment =—————
months months




BPaL Study - Laboratory

Primary endpoint: unfavorable outcome, defined as treatment failure
(bacteriologic or clinical)

All patients were categorized as having XDR or MDR TB (WHO definition?)

2 sputum samples were obtained for smear microscopy and culture
* Baseline, weeks 1, 2, 4, 6, 8, them monthly through week 26
* Follow up months 1,2,3 and every 3 months through month 24

Median number of 29 cultures (range, 20-40) collected to determine the primary
endpoint

Mtb isolates were identified by ‘molecular methods’

Mtb isolates were sent to a central lab for
* MIC of bedaquiline, pretomanid and linezolid
* MGIT testing of rifampin, isoniazid, streptomycin, ethambutol, moxifloxacin, kanamycin
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BPaL Regimen - Results

Table 2. Primary Efficacy Analysis.*

The NEW ENGLAND
JOURNAL o MEDICINE

ESTABLISHED IN 1812 MARCH 5, 2020 VOL. 382 NO. 10

Treatment of Highly Drug-Resistant Pulmonary Tuberculosis

Francesca Conradie, M.B., B.Ch., Andreas H. Diacon, M.D., Nosipho Ngubane, M.B., B.Ch.,
Pauline Howell, M.B., B.Ch., Daniel Everitt, M.D., Angela M. Crook, Ph.D., Carl M. Mendel, M.D.,
Erica Egizi, M.P.H., Joanna Moreira, B.Sc., Juliano Timm, Ph.D., Timothy D. McHugh, Ph.D.,
Genevieve H. Wills, M.Sc., Anna Bateson, Ph.D., Robert Hunt, B.Sc., Christo Van Niekerk, M.D.,
Mengchun Li, M.D., Morounfolu Olugbosi, M.D., and Melvin Spigelman, M.D., for the Nix-TB Trial Team*

Qutcome XDR MDR Overall
Intention-to-treat population
No. of patients 71 38 109
Favorable outcome

No. of patients 63 35 98

Percent of patients (95% Cl) 89 (79-95) 92 (79-98) 90 (83-95)
Unfavorable outcome — no. (%) 8 (11) 3(8) 11 (10)
Deaths — no. 6 1 7
Withdrawal during treatment — no. 1 0 1
Lost to follow-up after end of treatment — no. 0 1 1
Relapse — no. 1 1 2%
Modified intention-to-treat populationy
No. of patients 70 37 107
Favorable outcome

No. of patients 63 35 98

Percent of patients (95% Cl) 90 (80-96) 95 (82-99) 92 (85-96)
Unfavorable outcome — no. (%) 7 (10 2 (5) 9 (8)
Deaths — no. 5 1 6
Withdrawal during treatment — no. 1 0 1
Relapse — no. 1 1 2%
Per-protocol population
No. of patients 68 37 105
Favorable outcome

No. of patients 62 35 97

Percent of patients (95% Cl) 91 (82-97) 95 (82-99) 92 (86-97)
Unfavorable outcome — no. (%) 6 (9) 2 (5) 8 (8)
Deaths — no. 5 1 6
Relapse — no. 1 1 2%




A Overall Time to Culture-Negative Status
1.00—

0.754

0.504

Proportion of Participants

0.254

* 57/109 patients had baseline MICs to all 3
study drugs . : ; 2 s
* All had Pretomanid MICs < 1 pg/ml Weeks since Enrollment

No. at Risk 93 70 28 12 2
* 54 had BDQand LZD MICs £ 1 pg/ml (WHO
recommended CC)

B Time to Culture-Negative Status According to Type of Tuberculosis

1.00
* 2 had BDQ MICs of 2 ug/ml
* 1 had BDQ MIC of 4 pg/ml "
T 0.754
©
s
&
% 0.50-]
s
£
2
e 0.254
o
0.00
0
Weeks since Enrollment
No. at Risk
MDR i1 23 9 4 1
XDR 62 47 19 8 1

Figure 2. Time to Culture-Negative Status among Patients Who Were Positive
at Baseline (Intention-to-Treat Population).

N Engl J Med 2020;382:893-902.




(Future MDR studies (Randomized, Controlled Trials) -
TB PRACTECAL

e Relevant Inclusion
Microbiological test (molecular or phenotypic) confirming the presence of M. tuberculosis in sputum;
Resistant to at least rifampicin by either molecular or phenotypic drug susceptibility test

e Relevant Exclusion
Known resistance to bedaquiline, pretomanid, linezolid or delamanid

e Particpants with TB isolates resistant to rifampicin by rapid molecular tests
will be evaluated by MGIT DST (MGIT 960)

* 2 sputum specimens will be collected at least once monthly during
treatment, every 2 months during follow up

* DSTs will be performed on pure cultures from baseline/16 weeks forward
* MGIT DST for H,R, E, Z, Sm, Km, Cm, Mfx and/or Ofx
* MICs for bedaquiline, pretomanid, linezolid, clofazimine +/- Mfx (when indicated)

* Mycobacterial DNA stored at baseline (DO, D7, W4 if DO/D7 unavailable)

e Patients with culture reversion or recurrent TB will have genotyping




MDR Studies in Progress

Table 1. Clinical Trials for the Evaluation of Novel Multidrug-resistant Tuberculosis/Rifampicin-Resistant Tuberculosis Treatment

Regimens
Clinical Trials
Name Regimen Location Status 2/2002 Number

TRUST Levofloxacin, linezolid, cycloserine, China Recruiting NCT03867136
and pyrazinamide (or clofazimine if
resistant to pyrazinamide)

MDR-END Delamanid, linezolid, levofloxacin, Korea Fully enrolled; in NCT02619994
and pyrazinamide follow-up

STREAM Stage 2 Bedaguiline, clofazimine, ethambutol,  Ethiopia, Georgia, India, Fully enrolled; in NCT02409290
levofloxacin, pyrazinamide, Moldova, Mongolia, South follow-up
isoniazid, and prothionamide Africa, and Uganda

InDEX Gene-derived individualized DR-TB South Africa Recruiting NCT03237182
regimen

endTB Bedaguiline, moxifloxacin, linezolid, Georgia, India, Fully enrolled; in NCT02754765
and pyrazinamide; or bedaquiline, Kazakhstan, Lesotho, follow-up
clofazimine, levofloxacin, linezolid, Pakistan, Peru, and South
and pyrazinamide; or bedaquiline, Africa
delamanid, levofloxacin, linezolid,
and pyrazinamide; or delamanid,
clofazimine, levofloxacin, linezolid,
and pyrazinamide; or delamanid,
clofazimine, moxifloxacin, and
pyrazinamide

SimpliciTB Bedagquiline, pretomanid, Africa, Asia, Europe, and Fully enrolled; in NCT03338621
moxifloxacin, and pyrazinamide South America follow-up

BEAT-Tuberculosis _Bedaguiline, delamanid, and linezolid  South Africa Recruiting NCT04062201
plus levofloxacin or clofazimine

GRACE-TB Individualized regimen guided by China Not yet recruiting NCT03604848
rapid molecular drug susceptibility
tests

DRAMATIC Levofloxacin, bedaquiline, linezolid, Vietnam, The Philippines Recruiting NCT03828201
delamanid, and clofazimine

BEAT-TB Bedaguiline, delamanid, linezolid, India Fully enrolled CTRI/2019/01/
and clofazimine 017310

Definition of abbreviation: DR-TB = drug-resistant TB.
Adapted from Reference 16.

INT J TUBERC LUNG DIS 26(7):590-591




MDR Studies in Progress

Table 1. Clinical Trials for the Evaluation of Novel Multidrug-resistant Tuberculosis/Rifampicin-Resistant Tuberculosis Treatment

Regimens
Clinical Trials
Name Regimen Location Status 2/2002 Number
TRUST Levofloxacin, linezolid, cycloserine, China Recruiting NCT03867136
and pyrazinamide (or clofazimine if
resistant to pyrazinamide)
MDR-END Delamanid, linezolid, levofloxacin, Korea Fully enrolled; in NCT02619994
and pyrazinamide follow-up
STREAM Stage 2 Bedaquiline, clofazimine, ethambutol,  Ethiopia, Georgia, India, Fully enrolled; in NCT02409290
levofloxacin, pyrazinamide, Moldova, Mongolia, South follow-up
'soniazid, and prothionamide Africa, and Uganda
InDEX Gene-derived individualized DR-TB South Africa Recruiting NCT03237182
regimen
endTB Bedaquiline, moxifloxacin, linezolid, Georgia, India, Fully enrolled; in NCT02754765
and pyrazinamide; or bedaquiline, Kazakhstan, Lesotho, follow-up
clofazimine, levofloxacin, linezolid, Pakistan, Peru, and South
and pyrazinamide; or bedaquiline, Africa
delamanid, levofloxacin, linezolid,
and pyrazinamide; or delamanid,
clofazimine, levofloxacin, linezolid,
and pyrazinamide; or delamanid,
clofazimine, moxifloxacin, and
pyrazinamide
SimpliciTB Bedaquiline, pretomanid, Africa, Asia, Europe, and Fully enrolled; in NCT03338621
moxifloxacin, and pyrazinamide South America follow-up
BEAT-Tuberculosis  Bedaquiline, delamanid, and linezolid ~ South Africa Recruiting NCT04062201
plus levofloxacin or clofazimine
GRACE-TB Individualized regimen guided by China Not yet recruiting NCT03604848
rapid molecular drug susceptibility
tests
DRAMATIC Levofloxacin, bedaquiline, linezolid, Vietnam, The Philippines Recruiting NCT03828201
= delamanid, and clofazimine
BEAT-TB Bedaquiline, delamanid, linezolid, India Fully enrolled CTRI/2019/01/
and clofazimine 017310

Definition of abbreviation: DR-TB = drug-resistant TB.
Adapted from Reference 16.

INT J TUBERC LUNG DIS 26(7):590-591




When do we worry a
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+ . . . . _—
@ % ® Assessment of epidemiological and genetic characteristics

CrossMark

and clinical outcomes of resistance to bedaquiline in patients

. . . . . Lancet Infect Dis 2022;
treated for rifampicin-resistant tuberculosis: a cross- 22: 496-506
sectional and longitudinal study
Nazir Ahmed Ismail*, Shaheed Vally Omar*, Harry Moultrie*, Zaheda Bhyat, Francesca Conradie, M Enwerem, Hannetjie Ferreira, Jennifer Hughes,

Lavaniajoseph, Yulene Kock, Vancy Letsaolo, Gary Maartens, Graeme Meintjes, Dumisani Ngcamu, Nana Okozi, Xavier Padanilam, Anja Reuter,
Rodolf Romero, Simon Schaaf, Julian te Riele, Ebrahim Variava, Minty van der Meulen, Farzana Ismailf, Norbert Ndjekat

8041 patients starting bedaquiline-based treatment had samples collected at baseline, month
2, month 6

Baseline BDQ resistance was 3.8%
* BDQ naive 72/2023, 3.6%
* Prior BDQ or clofazimine, 4/19, 21.1%

BDQ resistance was associated with previous exposure to bedaquiline or clofazimine (OR 7.1)
Rv0678 mutations were associated with resistance

Resistance emerged in 12/695 (2.3%) of patients on treatment with median time to
emergence of 90 days (range 21-654 days)

Successful treatment outcomes were lower in patients with bedaquiline resistance




Conclusions

* Treatment regimens for TB are shortening, turnaround time for
susceptibility testing should shorten as well

* Fluoroquinolones are playing a larger role in TB treatments for both
drug susceptible and drug resistant TB. It may be time to consider
them first line drugs

* TB treatment regimens for drug resistant TB in the US and worldwide
increasingly contain bedaquiline, fluoroquinolones and linezolid.
Mechanisms for testing and surveillance need to grow in the direction
the treatment regimens are taking us
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Thank you for attention and
that you do for our patic

Questions?

Lisa Y Armitige, MD, PhD

Lisa.Armitige@dshs.texas.gov
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