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Recognize which patients are at risk of drug resistant TB

Discuss recommendations for management of drug resistant TB 

– Should I start treatment before I know the 2nd line susceptibility results?
– How many drugs?  Which ones?  How long?
– How do I monitor for treatment response?
– How should INH resistant TB be treated?

Identify the management of  close contacts of MDR/XDR TB

Objective -
Improved Management of Drug Resistant TB



CDC March 2014



• 10.0 million new cases of TB 
– 500,000 more TB cases than previously estimated (2014 reported 9.0 million)

• 1.3 million deaths  (1.5 or 4000 each day 2014)
• 558,000 Estimated new Rifampin Resistant TB cases (82% MDR  and 8.5% 

of these are XDR)

WHO 2018 Report: TB Epidemic 
“Even Bigger Than We Thought”



Not Good Enough!

# Estimated

# of MDR among # reported TB cases



Treatment Coverage for MDR/RR TB 2017



Globally 
55% 

success
2017
WHO 

Global TB 
Report 
2018



• PRIMARY DRUG RESISTENCE
– No previous treatment
– First isolate a person has is drug resistant

• ACQUIRED DRUG RESISTENCE
– Resistance develops during inadequate treatment

CLASSIFICATION OF DRUG 
RESISTANCE



Pathway to Drug Resistance

Gandhi Lancet May 2010



Multiple Drug Resistant TB (MDR TB) TB 
resistant to both INH and Rifampin

Extensively Drug Resistant TB 
(XDR TB)

• MDR TB 
plus resistance to:
– Any fluoroquinolone
and
– Second line injectable

• Capreomycin
• Kanamycin
• Amikacin

Pre – XDR TB

• MDR TB 
plus resistance to:
– Any fluoroquinolone
or
– Second line injectable

• Capreomycin
• Kanamycin
• Amikacin



Why Do We Have Drug 
Resistant TB?



Increase In Streptomycin-Resistant Mutants During 
Monotherapy

Weeks of 
treatment

SM-resistant 
mutants

SM-resistant 
mutants (%)

0 (before) 1 / 88,750 0.0011

2 1 / 13,174 0.0075

3 1 / 817 0.12

4 1 / 588 0.17

5 1 / 367 0.27

Pyle M. Proc Mayo Clinic 1947;22:465



• Retrospective analysis from isoniazid treatment trial 
1952 among patients with drug-susceptible isolates 
before starting

#Patients Cavities %Cult + % resistant
45 0 40% 22%
57 1+ 44% 40%
89 2+ 70% 61%
43 3+ 88% 87%

Fox W, Sutherland I. Thorax 1955;10:85-98

Isoniazid Resistance After 2 Months of Isoniazid 
Monotherapy

12/21/202014



Countries that had reported at least one
XDR-TB case by Oct 2013

The boundaries and names shown and the designations used on this map do not imply the expression of any opinion whatsoever on the part of the World Health Organization concerning 
the legal status of any country, territory, city or area or of its authorities, or concerning the delimitation of its frontiers or boundaries.  Dotted lines on maps represent approximate border 

lines for which there may not yet be full agreement. 
 WHO 2013. All rights reserved

Countries 
with XDR TB 
-92 in 2013
105 in 2014
127 in 2017



Cegielski CID 2014



 Does inadequate treatment of MDR        XDR? 
 PETTS Study         n(%)

Cure/Comp          Failure           Death
 Green Light       585 (65)               47 (5.2)           82 (9.1)

 Programatic      373 (52.7)           55 (7.8)         145 (20.5)

 Emergence of XDR       GLC    21%   __    non GLC 51%
 Emergence of FQN R    GLC  10.1%____ non GLC 20.8%

 PETTS : Preserving Effective TB Treatment Study, 
 Dalton et al. Lancet  epub August 30, 2012

Risk of Acquired Drug Resistance During Treatment





January 2012 CID



• Proposed definitions are ambiguous. No evidence that proposed totally resistant TB 
differs from XDR TB.

• Susceptibility tests for several drugs are poorly reproducible. Few laboratories can test 
all drugs.

• No consensus list of all anti-TB drugs. Many drugs are used off-label. New drugs would 
render the proposed category obsolete. 

• Labeling TB strains as totally drug resistant might lead providers to
• think infected patients are untreatable.



Susceptibility Studies
First Line
• Resistant

– INH
– Rifampin
– Rifabutin
– PZA
– Ethambutol
– Streptomycin

Second Line
• Resistant

– Amikacin
– Kanamycin
– Capreomycin
– Ethionamide
– Ofloxacin
– PAS

XDR TB in 2014



• Susceptible
– Linezolid < 0.4
– Cycloserine
– Clofazimine < 0.06 mcg/ml
– Moxifloxacin = 1.0 mcg/ml

• Usually has MIC < 0.5
• MIC of 1.0 is the Clinical Cutpoint and likely that high 

dose moxifloxacin will be effective

Susceptibility Studies

4 drugs
Moxi ?

…and now BDQ, Delamanid, Pretomanid Meropenems



New Drugs Likely To Change 
The Designation of MDR/XDR 

TB

Linezolid
Bedaquiline
Delamanid
Pretomanid



Management Strategies Must be 
Individualized by Patient and Drug 

Susceptibility

How Can We Do Better?



• Those who were:
– Born/reside in a country with high incidence of drug 

resistant TB
– Exposed to a patient with relapse or failure

_______________________________________
• Those with a history of

– Prior treatment for TB
– Treatment failure 
– Clinical deterioration during 4 drug therapy

Early Recognition of Which Patients are at 
Risk of MDR/XDR TB



• 56 yr. old male, born in U.S. - no history of TB
• TST positive, abnormal CXR, 
• Cough, fever, sweats, weight loss
• Culture + M TB Resistant to:

• INH,
• Rifampin, Rifabutin
• PZA
• Ethambutol
• Streptomycin, Capreomycin, Amikacin
• Levofloxacin
• Ethionamide

Bad Bugs – Primary XDR TB  



Contact to father who died with XDR TB in 1994 
– Father’s culture resistant to:

• INH,
• Rifampin, Rifabutin
• PZA
• Ethambutol
• Streptomycin, Capreomycin, Amikacin
• Ofloxacin
• Ethionamide

• Father was drug susceptible at first diagnosis!

Acquired XDR TB



INH and ethambutol resistant TB 
patient referred to Binational Project

still smear + after 2 months



• Initial culture resistant to: INH, ethambutol

• At 10 weeks of therapy patient remains ill and AFB +
– Providers ask to add moxifloxacin

• Best approach?   
– Always plan treatment so that further resistance does not occur

– Stop therapy if possible

– Know what the current resistance pattern is now
• that means new specimen and molecular testing

INH and Ethambutol Resistant TB



Always Use At Least 2 Drugs To Which The TB Is 
Susceptible. 

Never Add a Single Drug to a Failing 
Treatment Regimen!

PZA only works on slowly growing M 
TB; it should not be counted as a 2nd

drug to protect Rifampin

Never Treat Active TB With A 
Single Drug!



Baseline Resistance to INH, ethambutol, and all injectables

Patient started on 
standard 4 drug 
treatment



• Initial culture resistant to: 

• At 10 weeks of therapy patient is still quite sick cough, poor appetite, 
no energy and positive smears

• After two months of RIPE treatment, - 2nd culture – pre XDR TB
– new Rifampin resistance  
– Resistance to INH, ethambutol
– Streptomycin, kanamycin, amikacin, and capreomycin

INH and Ethambutol Resistant TB

Add 
Moxifloxacin?

Streptomycin, kanamycin, amikacin, and capreomycin 
plus INH and ethambutol



How Does Detection of Genetic 
Mutations Causing Resistance Fit Into 

Management of a New TB Case?



Rapid drug susceptibility testing of INH and Rifampin or 
Rifampin alone is recommended

• On all before treatment  - most cost-effective strategy to avert 
deaths and prevent additional resistance

• For both INH and Rifampin if MDR –TB prevalence is > 1% and 
INH resistance is > 2% (U.S. qualifies!)

• Should provide a diagnosis within two days of testing

• Only molecular tests meet this criterion

2011 WHO Guidelines



CDC - Molecular Detection of Drug Resistance 
(MDDR) Testing (Sanger sequencing)

Drug Gene Sensitivity 
(%)

Specificity 
(%)

Rifampin rpoB 96.1 97

INH inhA + katG 88.6 98.7

FQ gyrA 82.2 97

Kanamycin rrs + eis 86.8 96.9

Amikacin rrs 87.9 99

Capreomycin rrs + tlyA 44.6 85.9



• If patient is stable and no high risk contacts in the home, it 
is best to wait until molecular tests suggest a viable 
regimen.

• If patient is unstable, start treatment.

• Most experts would often start with an aggressive regimen 
using molecular testing to guide choices

When Should an Empiric Treatment Regimen for MDR 
TB Be Started?



38 year old woman admitted in respiratory failure 
along U.S./Mexico  border



rpoB mutation – GAC>GTC; Asp516Val  
Mutation predicts Rifampin resistance but Rifabutin susceptibility 



• Some rpoB mutations can cause low-level resistance to 
rifampin* These are called “disputed mutations” by 
some.

• Strains with these mutations often test as susceptible 
in MGIT broth (test concentration is 1ug/ml) but may 
be resistant on agar

*Williamson, DA, et al. 2012. IJTLD 16(2):216

“Low level” Resistance to Rifampin



Do MICs from 0.25-0.5 lead to treatment failure?

• Williamson article* cites 3 treatment failure cases
– Retrospective study of INH resistant patients (49 cases)

• 3/3 with rpoB mutation failed
• 2/49 without rpoB mutation failed

• Van Deun looked at difficult isolates in CDC performance tests
– Those with rpoB mutations failed in 6 of 14 instances and relapsed after 

initial cure in 5/14.  Clinical information not available in 2, one cure. 

• Increased rifampin exposure (20mg/kg/day) will likely overcome 
some low level resistance

*Williamson, DA, et al. 2012. IJTLD 16(2):216
**Van Deun et al. 2009. J.Clin. Microb. 47(11): 3501

***

“Low Level” Resistance to Rifampin



Molecular Detection of Drug Resistance Shows XDR TB

 24 yr immigrant-prior TB  therapy

 PZA resistance detected
◦ suspected INH, rifampin, EMB

 3 days later MDDR notes XDR
 Ofloxacin resistant   Ala90Val
 Moxifloxacin ?  
 Resistant to all injectable drugs

 Case about to start graduate school 
at time of diagnosis
◦ Hospitalized in isolation



• Resistance to rifampin (rpoB)
• Low level rifampin resistance may be missed (treatment failure)
• Rifabutin susceptible strains may be missed

• May help predict susceptibility or resistance to moxifloxacin in 
cases of ofloxacin resistance

• PZA results on MGIT may give false resistance
• repeat susceptibility test  and request molecular test (pncA)

• Confirm EMB susceptibility for INH-Resistant cultures
• MGIT may give falsely susceptible ethambutol results

When Can DNA Sequencing Help Better Characterize 
Susceptibility of an Isolate?



MDR TB Reported After 2 Months of Treatment with INH, 
Rifampin, Ethambutol, and PZA

January, 2011 at diagnosis March 29, 2011 after 2 mo RX

Smear negative – but culture quickly 
becomes positive



 New and retreatment MDR TB cases managed by standard treatment – all 
treated 3 x/week
◦ RIPE x 2, Rif/INH x 4               :     for new cases 83% cure
◦ RIPES x 2, Rif/INH/EMB x 6  :     for retreatment  66% cure

 4 years later:
◦ Recurrence:  61%  
◦ Death due to TB: 36%

 Treatment with FLD is highly ineffective in curing MDR – TB even if the 
reported cure rate is high initially 
◦ Patients were evaluated for cure with sputum smears only

He GX et al, PloS ONE, May 2010

F/U of MDR TB 4 Years After Standardized 
First Line Therapy



WHO Guidelines 2019 ATS/CDC/ERS/IDSA 
….pending release late 2019

• Waiting….

• Formed in close 
cooperation with WHO
– Expected to align with most 

recommendations



F. Fregonese, et al., Lancet Resp, 2018

N. Ahmad, et al., Lancet, 2018

Evidence-base supporting the guidelines:
The Collaborative Group for Meta-Analysis of Individual Patient Data in MDR-TB treatment



Compared with failure or relapse, treatment success was positively associated 
with the use of:                linezolid, levofloxacin, carbapenems, moxifloxacin, 

bedaquiline, and clofazimine.  
There was a significant association between reduced mortality and use of:

linezolid, levofloxacin, moxifloxacin or bedaquiline.  

Compared with regimens without any injectable drug, amikacin provided modest
benefits, but kanamycin and capreomycin were associated with worse outcomes.

The remaining drugs were associated with slight or no improvement in outcomes. 



Association of PZA use with Success and Death

Use vs No Use N pairs aOR (95% CI) aRD (95% CI)

PZA vs No PZA - Strains susceptible to PZA 

Success 1818 0.7 (0.5, 0.9) -0.03 (-0.04, -0.01)

Death 1986 0.7 (0.6, 0.8) -0.03 (-0.05, -0.01)

PZA vs No PZA - Strains resistant to PZA

Success 1064 0.5 (0.4, 0.7) -0.05 (-0.08, -0.03)

Death 1262 1.5 (1.2, 1.9) 0.05 (0.02, 0.07)

For success (success vs failure/relapse)
Better outcome : aOR > 1, aRD > 0 (increase success)

The higher, the better

For death (death vs success/failure/relapse)
Better outcome : aOR < 1, aRD < 0 (decrease death)

The lower, the better

Bold green: significantly better
Bold red: significantly worse



Association of FQ use with Success and Death 
N pairs aOR (95% CI) aRD (95% CI)

Ofloxacin (susceptible) vs No FQ 

Success 1865 1.0 (0.8, 1.2) -0.01 (-0.04, 0.01)

Death 2285 0.6 (0.5, 0.7) -0.08 (-0.11, -0.06)

Levofloxacin (susceptible) vs No FQ

Success 1450 4.2 (3.3, 5.4) 0.15 (0.13, 0.18)

Death 1632 0.6 (0.5, 0.7) -0.06 (-0.09, -0.04)

Moxifloxacin (susceptible) vs No FQ

Success 1031 3.8 (2.8, 5.2) 0.11 (0.08, 0.14)

Death 1145 0.5 (0.4, 0.6) -0.07 (-0.10, -0.04)

Lfx/Mfx vs Ofx
(resistant to Ofx but not tested or Sens to Lfx/Mfx)

Success 715 1.7 (1.3, 2.2) 0.08 (0.04, 0.13)

Death 927 0.9 (0.8, 1.2) 0.02 (-0.01, 0.06)



Injectable Drug Summary
• If sensitive: Overall effect of injectables – modest benefit

– Amikacin appears to be the best

– Streptomycin may still be useful (if sensitive)

– Capreomycin and kanamycin appears to have no benefit

• If resistant: Use of all injectable drugs associated with worse outcomes or 
no benefit 

• Capreomycin has no benefit in XDR treatment, even for susceptible isolates



Association of Injectable use with Success and Death 

N pairs aOR (95% CI) aRD (95% CI)
Streptomycin (susceptible) vs No injectable

Success 1017 1.5 (1.1, 2.1) 0.02 (-0.00, 0.04)

Death 1121 0.8 (0.6, 1.1) -0.02 (-0.04, 0.01)

Amikacin (susceptible) vs No injectable

Success 1393 2.0 (1.5, 2.6) 0.06 (0.04, 0.08)

Death 1644 1.0 (0.8, 1.2) -0.00 (-0.03, 0.02)

Kanamycin (susceptible) vs No injectable

Success 2523 0.5 (0.4, 0.6) -0.07 (-0.08, -0.05)

Death 2958 1.1 (0.9, 1.2) 0.01 (-0.01, 0.02)

Capreomycin (susceptible) vs No injectable

Success 938 0.8 (0.6, 1.1) -0.03 (-0.06, -0.00)

Death 1114 1.4 (1.1, 1.7) 0.04 (0.01, 0.07)



Association of Bedaquiline use with Success and Death 

Bdq vs No Bdq N pairs aOR (95% CI) aRD (95% CI)

All patients

Success 490 2.0 (1.4, 2.9) 0.10 (0.05, 0.14)

Death 548 0.4 (0.3. 0.5) -0.14 (-0.19, -0.10)

High income countries

Success 85 3.0 (0.9, 10.1) 0.05 (-0.05, 0.15)

Death 93 0.6 (0.2, 1.9) -0.03 (-0.11, 0.05)

Usual Bdq dosage: 400 mg/day for 2 weeks, then 200 mg/day three times weekly for 
22 weeks; 1 study used prolonged Bdq treatment (>24 weeks)
Use of Bdq associated with more resistance, XDR, but also other newer drugs



Association of Linezolid use with Success and Death 

Lzd vs No Lzd N pairs aOR (95% CI) aRD (95% CI)
All patients

Success 799 3.4 (2.6, 4.5) 0.15 (0.11, 0.18)

Death 883 0.3 (0.2, 0.3) -0.20 (-0.23, -0.16)

600 mg/day patients (80% of all patients)

Success 529 3.1 (2.2, 4.3) 0.15 (0.11, 0.20)

Death 578 0.2 (0.2, 0.3) -0.19 (-0.23, -0.14)

High income countries

Success 516 3.9 (2.6, 5.8) 0.12 (0.08, 0.16)

Death 556 1.3 (0.8, 2.2) 0.01 (-0.01, 0.04)

Usual Lzd dosage: 600 mg/day (80%); 1200 mg/day (10%); 300 mg/day 

(10%)
Use of LZD associated with more resistance, XDR, but also other 
newer drugs



Association of Clofazimine use with Success and Death 

Cfz vs No Cfz N pairs aOR (95% CI) aRD (95% CI)

All patients

Success 564 1.5 (1.1, 2.1) 0.06 (0.01, 0.10)

Death 679 0.8 (0.6, 1.0) -0.04 (-0.08, 0.00)

High income countries

Success 212 1.3 (0.7, 2.5) 0.03 (-0.03, 0.09)

Death 233 1.4 (0.7, 2.7) 0.04 (-0.01, 0.09) 

Usual Cfz dosage: 100 mg/day
Use of Cfz associated with more resistance, XDR, but also other 
newer drugs



XDR – New/Repurposed Drugs

N pairs aOR (95% CI) aRD (95% CI)
Lfx/Mfx vs No FQ
Success 359 1.2 (0.8, 1.6) 0.01 (-0.05, 0.06)
Death 482 0.6 (0.4, 0.8) -0.07 (-0.12, -0.02)
Lzd vs No Lzd
Success 280 6.6 (4.1, 10.6) 0.31 (0.24, 0.38)
Death 314 0.2 (0.1, 0.3) -0.29 (-0.36, -0.23)
Cfz vs No Cfz
Success 173 1.5 (0.9, 2.6) 0.04 (-0.04, 0.13)
Death 216 0.4 (0.2, 0.6) -0.18 (-0.27, -0.10)
Bdq vs No Bdq
Success 139 2.5 (1.3, 4.8) 0.12 (0.03, 0.21)
Death 155 0.5 (0.2, 0.9) -0.09 (-0.17, -0.02)



Association of Number of Possibly Effective Drugs with Outcome
N pairs aOR (95% CI) aRD (95% CI)

Initial phase - Success vs Fail/Relapse
0-2 drugs Reference 1.0 (Reference)

3 1891 1.8 (1.5, 2.1) 0.08 (0.06, 0.10)
4 2243 2.0 (1.8, 2.4) 0.09 (0.07, 0.10)
5 1262 2.6 (2.1, 3.2) 0.12 (0.10, 0.14)

6+ 642 2.7 (2.0, 3.6) 0.14 (0.10, 0.17)
Initial phase - Death vs Success/Fail/Relapse

0-2 drugs Reference 1.0 (Reference)
3 2223 0.6 (0.6, 0.7) -0.06 (-0.08, -0.05)
4 2666 0.7 (0.6, 0.8) -0.04 (-0.06, -0.03)
5 1403 0.4 (0.3, 0.5) -0.14 (-0.16, -0.12)

6+ 708 0.4 (0.3, 0.5) -0.19 (-0.22, -0.15)

Possibly 
effective 
drug = drug 
with 
previously 
published 
evidence of 
effectivenes
s, and the 
isolates 
were 
confirmed 
susceptible 
on DST. 

Lzd/Cfz/Bdq
were 
counted as 
effective if 
DST results 
were not 
available.



Association of Number of Possibly Effective Drugs with Outcome
N pairs aOR (95% CI) aRD (95% CI)

Continuation Phase - Success vs Fail/Relapse
0-1 drugs Reference 1.0 (Reference)

2 1807 1.6 (1.4, 1.9) 0.06 (0.04, 0.08)
3 2177 1.7 (1.5, 2.0) 0.05 (0.03, 0.07)
4 1097 2.8 (2.2, 3.5)* 0.13 (0.11, 0.15)*

5+ 476 1.7 (1.3, 2.3) 0.13 (0.09, 0.16)*
Continuation phase - Death vs Success/Fail/Relapse

0-1 drugs Reference 1.0 (Reference)
2 2087 0.7 (0.6, 0.8) -0.04 (-0.06, -0.02)
3 2543 0.8 (0.7, 0.9) -0.02 (-0.04, -0.00)
4 1211 0.5 (0.4, 0.6)* -0.10 (-0.12, -0.08)*

5+ 529 0.5 (0.4, 0.7)* -0.12 (-0.15, -0.08)*

Possibly 
effective 
drug = drug 
with 
previously 
published 
evidence of 
effectivenes
s, and the 
isolates 
were 
confirmed 
susceptible 
on DST. 

Lzd/Cfz/Bdq
were 
counted as 
effective if 
DST results 
were not 
available.



Association of Number of Possibly Effective Drugs with Outcome

N pairs aOR (95% CI) aRD (95% CI)
Continuation Phase - Success vs Fail/Relapse

0-1 drugs Reference 1.0 (Reference)
2 1807 1.6 (1.4, 1.9) 0.06 (0.04, 0.08)
3 2177 1.7 (1.5, 2.0) 0.05 (0.03, 0.07)
4 1097 2.8 (2.2, 3.5)* 0.13 (0.11, 0.15)*

5+ 476 1.7 (1.3, 2.3) 0.13 (0.09, 0.16)*
Continuation phase - Death vs Success/Fail/Relapse

0-1 drugs Reference 1.0 (Reference)
2 2087 0.7 (0.6, 0.8) -0.04 (-0.06, -0.02)
3 2543 0.8 (0.7, 0.9) -0.02 (-0.04, -0.00)
4 1211 0.5 (0.4, 0.6)* -0.10 (-0.12, -0.08)*

5+ 529 0.5 (0.4, 0.7)* -0.12 (-0.15, -0.08)*

Possibly 
effective 
drug = drug 
with 
previously 
published 
evidence of 
effectivenes
s, and the 
isolates 
were 
confirmed 
susceptible 
on DST. 

Lzd/Cfz/Bdq
were 
counted as 
effective if 
DST results 
were not 
available.



Ethambutol & Group 4 drugs
Use of Ethambutol:
• When susceptible – No benefits
• When resistant – Worse outcomes

Use of Ethionamide/Prothionamide or PAS:
• When susceptible – No benefits
• When resistant – Worse outcomes

Use of Cycloserine/Terizidone:
• When susceptible – Beneficial
• When resistant – No benefit



Conclusions
Benefit of each individual drug

Pyrazinamide No clear benefit “Bad”

Capreomycin No benefit “Worse”

Later generation 
FQ Significant benefit “Better”

Linezolid Significant benefit “Better”

Bedaquiline Significant benefit “Better”

Clofazimine Weak benefit “Good”
Dr. Tommy Lan McGill  NAR 2018



IPD-MA includes:
13,1000 records patients treated with longer MDR Rx – 40 countries

2,600 records from patients treated with 9 – 12 months shorter MDR RX 
– 15 countries

Recently completed Phase III trials of delamanid
Pk and safety data from BDQ and Delamanid patient < 18 yrs. of age. 

Important departure from prior:
Injectable agents are no longer among the 
priority medicines when designing longer 

MDR-TB regimen

Fully oral regiments preferred option for 
most patients

Three medicines – FQNs, BDQ and LZD 
are strongly recommended to use in a 

longer regimen 
2019



Prioritize

Add
Next



Composition of Longer MDR Regimens
• MDR/RR TB

– All 3 Group A agents and at least one Group B 
agent should be included to ensure that treatment 
with at least 3 agents are included for the rest of 
the treatment after BDQ is stopped.

– If only one or two Group A agents are used, both 
Group B agents are to be included

– If regimen cannot be composed with agents from 
Groups A and B alone, Group C agents are added



Group A
• Fluoroquinolones, 

bedaquiline and linezolid 
were considered highly 
effective and strongly 
recommended for inclusion 
in all regimens unless 
contra-indicated 

Group B
• Clofazimine and cycloserine 

were conditionally 
recommended as agents of 
second choice

Medications

Group C Drugs included all other medicines that can be used when a regimen cannot be 
composed with Group A and B agents.  The medications are ranked by the relative 

balance of benefit to harm usually expected of each. 



Prioritize

Add
Next



• Ethionamide may be included only if BDQ, 
linezolid, clofazimine or delamanid are not 
used or if better options are not possible

• PAS may be included only if BDQ, linezolid, 
clofazimine or delamanid are not used or if 
better options are not possible

Composition of Longer MDR Regimens



• Data from drug trials and cohorts show efficacy of 
newer drugs

• BDQ and Delamanid have significant early bactericidal 
activity and are sterilizing

• WHO recommends use of BDQ for treatment of MDR TB 2013
• WHO recommends use of Delamanid for treatment of MDR TB 

2014
• WHO recommends linezolid and clofazimine as “Core TB Drugs” 

2016
• South African TB Program recommends injectable free MDR 

regimen for all and provides bedaquiline for all 2018
– Improved treatment success and decreased mortality

• WHO recommends injectable free treatment of MDR 2018

DOES IT WORK? 
New Options Now Available



15,000 receiving or have received BDQ

Retrospective cohort analysis
All receiving BDQ: 41% Increase in success

Three fold decrease in mortality



• Ahead of enrollment on MDR-TB treatment, all patients should receive 
appropriate counselling to enable informed and participatory decision-making. 

•
• Patient information material needs to reflect the new changes so that patients 

are appropriately informed about their treatment options.  

• Social support to enable adherence to treatment is very important to ensure a 
patient-centered approach to the delivery of care.  

• The patient’s MDR strain should be tested for susceptibility to medicines 
included or planned to be included to maximize effectiveness

– Drugs that are resistant should not be used. 

• Active TB drug safety monitoring and management (aDSM) is essential for all 
patients enrolled on MDR-TB treatment. 

Treatment Principles





• Lab: CBC, CMP, (TSH, calcium, Mg for BDQ)
• EKG if on BDQ and > one other  QTc lengthening 

drug 
– (usually on BDQ, clofazimine and a FQN)

• Neuropathy Screen: Linezolid, 
• Vision Screen (acuity and Ishihara plates)

– Linezolid and ethambutol
• Personality changes: cycloserine
• High quality audiogram (to 8000 Hz) if amikacin 

Monthly Toxicity Monitoring



Timing of Linezolid Toxicity

Lee NEJM Oct 
2012



• http://www.who.int/tb/publications/2018/WHO_RapidCommunicationMDRTB.pdf

Three Signals are Clear from Current 
Scientific Evidence Assessment:

http://www.who.int/tb/publications/2018/WHO_RapidCommunicationMDRTB.pdf


• Injectable agents are very uncomfortable and 
inconvenient

• WHO Ethical Guidance - Patient now decides how 
much can be “tolerated” rather than provider

– Treatment should be: “acceptable, accessible, affordable and 
appropriate”.

• Patients should be provided with information on 
the risks and benefits of all medications available

WHY? Patient Centered Care



F. Fregonese, et al., Lancet Resp, 2018

N. Ahmad, et al., Lancet, 2018

Evidence-base supporting the guidelines:
The Collaborative Group for Meta-Analysis of Individual Patient Data in MDR-TB treatment



March 16, 2018

http://www.who.int/tb/publications/2018/WHO_guidelines_isoniazid_resistant_TB/en/



Adding a FQ to >6(H)REZ. 
Success versus failure/relapse

Comparison
N Success/

N on regimen

Propensity score 

Odds ratio
aOR (95% CI)

Risk Difference
aRD (95% CI)

All Patients

≥6(H)REZ &FQ * 245/251 2.8 (1.1; 7.3) +5% (0 to +9%)

≥6 (H)REZ 1253/1350 1.0 (reference) Reference

FQ are only moxifloxacin/levofloxacin/gatifloxacin

≥6(H)REZ &FQ 161/165 2.9 (0.9; 9.3) +6% (-2% to +14%)

≥6 (H)REZ 1253/1350 1.0 (reference) Reference

Median duration of FQ: 6 months
Acquired RIF resistance: Significantly lower if received a FQ -No patient who received a FQ developed MDR
Findings virtually identical in patients who did not receive any INH



Treatment of INH Resistant TB – WHO
March 2018

• No evidence that INH adds benefit but may use 4-drug RIPE FDC

• Ensure that isolate is rifampin susceptible before adding FQN

• Empirical treatment INH-R TB not generally advised 

• Treat to achieve 6 months of FQN (usually added to regimen after a 
period of RIPE). 



• Addition of FQN to all patients with INH-R TB 
except those 
– In whom resistance to rifampin cannot be excluded
– Known or suspected to have resistance to FQN
– Known to be intolerance to a FQN
– Known or suspected to have risk for prolonged QTC 

interval
– Pregnant or breastfeeding (not an absolute contra-

indication)

• In cases when FQN not used give 6 months (I)RPE

Treatment of INH Resistant TB – WHO
March 2018



• Staggering Medication Burden 
The medicine and 
syringes to treat 
one MDR-TB
patient for one 
year. Patients need 
to undergo
treatment from 
18–24 months

IDSA fact sheet 2013





Since April 2015, 61 participants enrolled as of December 2016 
34 completed 6 mo of RX and 20 followed to primary endpoint at 6 mo after 

RX
49% HIV +; 79% XDR, 21% MDR

All surviving patients culture negative by 4 months, 74% negative at 8 weeks
4 died within first 8 weeks

27% SAEs
None withdrawn due to AE or lab abnormalities

As of 15 December 2016 one microbiological relapse 
CROI Feb 2017
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