How I treat
Multi-Drug Resistant TB
Onn Min Kon

Aims
• Epidemiology/ UK experience
• Diagnostics
– Rapid molecular tools

• Whole Genome Sequencing
• Drugs
– New WHO drug regime
– Novel Drugs
– New WHO short regime
• Practicalities
– Facility
– BTS MDR TB Clinical Advice Service

Definitions
Multi-Drug Resistant TB/ ‘MDR TB’
TB isolate resistant to both isoniazid and rifampicin
Extensively Drug Resistant TB /‘XDR TB’
MDR + resistance to any fluoroquinolone and 1 of the 3
second line injectable drugs (amikacin, kanamycin,
capreomycin)

MDR regimens – 8 months of injectable and
total ≥20 months treatment

The global TB situation

All forms of TB
HIV-associated TB
Multidrug- /
rifampicin-resistant
TB (MDR/RR-TB)

Estimated
incidence, 2015

Estimated number
of deaths, 2015

10.4 million

1.4 million*

(8.7–12.2 million)

(1.2–1.6 million)

1.2 million

390,000

(1.0–1.3 million)

(320,000–460,000)

580,000

250,000

(520,000–640,000)

Source: WHO Global Tuberculosis Report 2016

(160,000–340,000)
* Excluding deaths attributed to HIV/TB

Multidrug-resistant TB
Europe Region
•

9 of the 30 countries with the
highest burden of MDR-TB in
Europe Region
–

•

•
•

Azerbaijan, Belarus, Kazakhstan,
Kyrgyzstan, the Republic of
Moldova, the Russian Federation,
Tajikistan, Ukraine and Uzbekistan

MDR among new TB 16% and
previously treated TB cases
48% in 2015
73 000 MDR cases
XDR-TB accounts for
approximately 18% of MDR-TB
cases
–

majority also occur in the nine highburden countries

Number and proportion of TB cases with initial drug
resistance, England, 2000-2016

* Cases with phenotypic DST results for at least isoniazid and rifampicin, resistant to isoniazid without MDR-TB
** Cases with phenotypic DST results for at least isoniazid and rifampicin, resistant to rifampicin, including those with MDR-TB

Tuberculosis in England: 2017 report

Source: Enhanced Tuberculosis Surveillance system (ETS)
Data extracted: April 2017
Prepared by: TB Section, National Infection Service, Public Health England

Treatment completion for drug resistant TB cases*,
England, 2005-2014

* Includes initial and acquired MDR/RR-TB and cases treated with a second line regimen without phenotypic DST results

Tuberculosis in England: 2017 report

Source: Enhanced Tuberculosis Surveillance system (ETS)
Data extracted: April 2017
Prepared by: TB Section, National Infection Service, Public Health England

•GeneXpert® System (Sunnyvale, CA), a single-use sample processing cartridge
system with integrated multi-color real-time PCR capacity
•on-demand, near-patient PCR assay - novel six-color dye set to detect M.
tuberculosis and identify rifampicin-resistance as a surrogate for MDR directly from
patients’ sputum in less than two hours

Steingart KR, Sohn H, Schiller I, Kloda LA, Boehme CC, Pai M, Dendukuri N.
Xpert® MTB/RIF assay for pulmonary
tuberculosis and rifampicin resistance in adults.
Cochrane Database of Systematic Reviews 2013, Issue 1. Art. No.: CD009593.

•

Initial test replacing smear microscopy (15 studies, 7517 participants)
–
–

•

Add-on test following a negative smear (14 studies, 5719 participants)
–
–

•
•
•
•
•

pooled sensitivity of 67%
pooled specificity of 98%

Smear +ve, culture +ve TB - pooled sensitivity was 98% (95%CrI 97% to 99%)
Smear -ve, culture +ve TB - pooled sensitivity was 68% (95% CrI 59% to 75%)
HIV +ve - pooled sensitivity 80% (95% CrI 67% to 88%)
Non HIV – pooled sensitivity 89% (95% CrI 81% to 94%)
Rifampicin resistance detection (11 studies, 2340 participants)
–
–

•

pooled sensitivity of 88%
pooled specificity of 98%

pooled sensitivity of 94% (95% CrI 87% to 97%)
pooled specificity of 98% (95% CrI 97% to 99%)

Distinguish between TB and nontuberculous mycobacteria (NTM)
–

139 specimens with NTM, was positive in only 1 specimen

Molecular Detection of MTB and drug resistance

Molecular techniques used for DST is a rapid way of identifying
resistance genes within organism, which aids diagnosis and
implementation of treatment plans.
Commercial molecular tests for TB/MDR TB detection endorsed
by WHO
GenoType MTBDRplus, MTBDRsl,
Nipro
• Reverse hybridization,
colorimetric reaction
• Results in 6-7 h

• some flexibility (n probes/strip:
30-40)
• Technical expertise: some
• Biosafety level 2
Xpert MTB/RIF
• Integrated/automated qPCR
• Results in 2h
• Closed system (limited number
of probes: <10)
• Technical expertise: none

Xpert MTB/RIF Versus AFB Smear and Culture to Identify
Pulmonary Tuberculosis in Low Prevalence Settings
• US/Brazil/ South Africa
• 2 sputum samples in culture proven PTB
• Single sample
― Xpert sensitivity in smear positive 85.2%
― Xpert sensitivity in smear negative 59.3%
• Two samples
― Xpert sensitivity in smear positive 100%*
― Xpert sensitivity in smear negative 71.4%
• NPV in US:
― Single NPV 99.7%
― Two NPV 100%
* Deisolation potential

Luetkemeyer AF et al. Clin Infect Dis 2016;62(9):1081–8

Xpert MTB/RIF ULTRA
• Detects Mtb by targeting two
different multi-copy genes
(IS6110 & IS1081)
• More rapid thermal cycling
• PCR cycling optimized to
improve sensitivity and
specificity
• Melting temperature based
analysis to improve RIF
resistance detection

Xpert MTB/RIF ULTRA
• 8 countries
– South Africa, Uganda, Kenya, India, China, Georgia, Belarus, and Brazil

• 2368 participants for sputum sampling
– 248 participants excluded
– case detection group (n=1439)
– multidrug-resistance risk group (n=314)

• smear-negative and culture-positive sputum
– Xpert Ultra 63% and Xpert 46% (difference of 17%, 95% CI 10 to 24)
• HIV-positive participants (115) with culture-positive sputum
–

Xpert Ultra 90% and Xpert 77% (13%, 6·4 to 21);

• all participants (462) with culture-positive sputum
– Xpert Ultra 88% and Xpert 83% (5·4%, 3·3 to 8·0)
• Xpert Ultra and Xpert similar in detecting rifampicin resistance
• Specificities
Xpert Ultra 93% and Xpert 98% for patients with a history of TB
Dormann et al. Lancet Infect Dis 2018; 18: 76–84

GeneXpert OMNI – point of care

• Improved operational
characteristics
• No infrastructure
requirements
• lower needs for
maintenance
• high connectivity

Whole genome sequencing in 3 years
Results from sputum samples in less than 48 hours
• Accurate sequencing
of M.tuberculosis
genome directly
from uncultured
sputa
• Identification of
resistance
mutations offers the
prospect for rational
rather than
empirical treatment
of MDR-TB

Whole Genome Sequencing
•
•
•
•

Replacing MIRU VNTR in PHE Reference Laboratories Dec 2017
Result within 5 working days of positive culture
Drug resistance profiling including pyrazinamide and streptomycin
Relatedness/ cluster data potential

Pankhurst L et al. Lancet Respir Med 2016; 4: 49–58

Zhang H et al. Nature Genetics 45, 1255–1260 (2013)

Drug resistant TB: UK multicentre study (DRUMS): Treatment, management
and
outcomes in London and West Midlands 2008-2014
Amber Arnold et al. Journal of Infection (2017) 74, 260-271
Methods: Retrospective review of consecutive 100 cases 2008 and 2014
performed at 4 centres in England (SMH/RFH/SGH/Birmingham)
Results:
• Hospital admission median 62.5 (IQR 20-106) days
• 12% (11/90) lost their home
• Longer admission associated with pulmonary cases, loss of home, cavities on
chest radiograph and a policy of waiting for sputum culture conversion
• Sputum CC occurred at a median of 33.5 (IQR 16-55, n=46) days
• Treatment success was high (72%, 64/89) and mortality low (1%, 1/89)
• 13%, (12/89) - “neutral” results due to deportation and transfer overseas
• 15% (13/89) negative outcomes
― poor adherence was the main reason (62%, 8/13)

General MDR Treatment Principles
• Thorough patient evaluation prior to starting treatment
• Get MDR expert advice
• Obtain molecular and phenotypic drug susceptibility tests
promptly
• When choosing drugs:
– If extensive disease or resistance, use additional drugs
– Never add a single drug to a failing regimen
– Consider both side-effects and drug-drug interactions (eg QT)
– Consider cross-resistance

• Try to use at least 3 previously unused drugs with
in vitro sensitivity
– use drugs with confirmed/ strongly suspected in vitro sensitivity

New 2016 WHO MDR TB
Guidelines
Main updates in the 2016 recommendations:
• A shorter MDR-TB treatment regimen is recommended
under specific conditions
• The longer MDR-TB treatment regimen is still
recommended
• MDR-TB treatment is recommended for all patients with
RIF-resistant tuberculosis, regardless of identification of
INH resistance
• Drugs are now regrouped differently based upon current
evidence on their effectiveness and safety
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www.who.int/tb/areas-of-work/drug-resistant-tb/treatment/resources/

2014 WHO
WHO Group

Drug names

Group 1
First line anti-tuberculous drugs

Rifampicin, isoniazid, pyrazinamide,
ethambutol

Group 2
Anti-tuberculous injectable
agents

Kanamycin, Capreomycin, Amikacin

Group 3
Fluoroquinolones

Levofloxacin, Moxifloxacin, Ofloxacin

Group 4
Oral bacteriostatic second-line
anti-tuberculous drugs

Ethionamide, prothionamide,
cycloserine, p-aminosalicyclic acid

Group 5
Others

Clofazimine, linezolid, co-amoxiclav,
thioacetazone, clarithromycin,
imipenem, meropenem, bedaquiline,
delamanid

2016 WHO
WHO Group

Drug names

Group 1
First line anti-tuberculous drugs

Rifampicin, isoniazid, pyrazinamide,
ethambutol

Group 2
Anti-tuberculous injectable
agents

Kanamycin, Capreomycin, Amikacin,
Streptomycin

Group 3
Fluoroquinolones

Levofloxacin, Moxifloxacin, Ofloxacin

Group 4
Oral bacteriostatic second-line
anti-tuberculous drugs

Ethionamide, prothionamide,
cycloserine, clofazimine, linezolid,

Group 5
Others

p-aminosalicyclic acid
co-amoxiclav, thioacetazone, (NOT
clarithromycin) imipenem,
meropenem, bedaquiline, delamanid

WHO Recommendations 2016
‘Longer’ regimens


2a) In patients with RR-TB or MDR-TB, a regimen with at least
five effective TB medicines during the intensive phase is
recommended, including pyrazinamide and four core second-line
TB medicines




– one chosen from Group A, one from Group B, and at least
two from Group C2 (conditional recommendation, very low
certainty in the evidence)

If the minimum number of effective TB medicines cannot be
composed as given above, an agent from Group D2 and other
agents from Group D3 may be added to bring the total to five
Intensive phase
Duration: Up to 8 months
Composition: at least 5 effective drugs and 4 or more second-line drugs
Continuation phase
Duration: 12 months or more
Composition: 3 or more second-line drugs
Supported by selected first-line TB drugs

MDR injectable regimes
• Amikacin
– IV or im
– 15mg/kg od
– PICC line
– Levels widely available
– Ototoxicity - 30% prevalence
• Capreomycin
– ?Less ototoxicity
– 15mg/kg od
– IM/ IV = off license use
– Infuse over 30-60 min IV
– can't measure levels in the UK
– Renal excretion/ electrolyte disturbances
Baseline and monthly audiometry – precedes symptoms – high frequency loss first

Pattern of loss in three patients with a series of at least four audiograms recorded monthly.

Sturdy A et al. J. Antimicrob. Chemother. 2011;66:18151820

Ototoxicity
• WHO recommends at least 8 months of an injectable
agent
• Little national/ international guidance as to optimal
monitoring and management of ototoxicity
Paper

n

Sturdy et al
(UK)

Definition

Ototoxicity

Median
Duration
(days)

Aminoglycoside dose
(total median dose in
grams)

50 20dB at 1 f or 28%
10dB at 2

118

15mg/kg then adjust (96)

Melchionda
et al (UK)

12 15-25dB drop 58%
at ≥2 f

122

15mg/kg then adjust (98)

Javadi et al
(Iran)

41 20dB at 1 f or 70.1%
10dB at 2

500mg/day

Fluoroquinolones
Bacteriocidal
Levofloxacin
third-generation
Adults: 10–15 mg/kg once daily
Nausea and bloating
Headache, dizziness, insomnia or tremulousness.
Rare tendon rupture, arthralgia
QTc prolongation, hypoglycaemia
Moxifloxacin
fourth-generation – 400mg od (800mg versus 400mg debate)
Nausea and diarrhoea.
Headache and dizziness.
Rare tendon rupture; arthralgia. Rare hepatotoxicity.
QTc prolongation, hypo/hyperglycaemia.
Moxifloxacin more effect on QT prolongation than levofloxacin
*Ciprofloxacin has no efficacy - not recommended

Clofazimine
•
•
•
•

Bacteriocidal
Cross resistance with Bedaquiline
Safe but QT prolongation
Skin discolouration

Linezolid (LZD)
•
•
•
•
•
•

Bacteriocidal
600mg od (300mg if SE)
Children 10mg/kg 12 hourly
Co-prescribe pyridoxine
Peak concentrations 12-24 mcg/ml
CNS penetration 1/3

• Side Effects: (60%)
o Myelosuppression
o Peripheral and Optic neuropathy (maybe irreversible)
• Monitoring – FBC weekly intensive phase then monthly
• Eye and symptom checks
• Avoid MAOIs
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Intensive phase
Duration: Up to 8 months
Composition: at least 5 effective drugs and 4 or more second-line drugs
Continuation phase
Duration: 12 months or more
Composition: 3 or more second-line drugs
Supported by selected first-line TB drugs

‘Bangladesh’ MDR 9/12 regimen
(Van Deun 2012)
•

Gfx (Oflox)/E/Z/Cfz 9 months + H/Pto/Km initial 5 months 1st treatment for MDR

Published cohort (206 pts)1
Cure
Completion
5.3%
Default
5.8%
Death
5.3%
Failure
0.5%
Relapse
0.5%

Cohort update (515 pts)2
81.2%
3.3%
7.8%
5.6%
1.4%
0.8%

82.5%

Overall success rate: 87.9% (95% CI 82.7, 92.6)

Introdion

Objectif

Méthodes

Gfx = gatifloxacin, Oflox = ofloxacin, E = ethambutol, Z = pyrazinamide, Cfz = clofazimine
H = isoniazid, Pto = prothionamide, Km = kanamycin

Overall success rate: 84.5% (95% CI 81.0, 87.5)

Conclusion
Slide courtesy Andrew Nunn

1. Van Deun A et al. Am J Respir Crit Care Med 182(5): 684–692, 2010;
2. Aung et al. IJTLD 18(10):1180–1187, 2014

STREAM Stage1
Preliminary data – Int. Union meeting Oct 2017
• Favourable outcome 78.1% of nine-month regimen compared to
80.6 % 20-24 month regimen
• 20-24 month regimen higher than routinely reported outcomes from
programme settings – i.e. shorter regime may be better in real life
• HIV coinfected - nine-month regimen is no less effective
• ECG monitoring
– monitoring useful + required throughout treatment.

• Health economics
– nine-month regimen reduces costs to health system and patients
424 patients from Ethiopia, Mongolia, South Africa and Vietnam were randomly allocated to receive either:
• The standard 20-month regimen recommended by the 2011 WHO guidelines
• A 9-month regimen consisting of moxifloxacin, clofazimine, ethambutol and pyrazinamide given for nine months,
supplemented by kanamycin, isoniazid and prothionamide in the first four months

WHO Shorter MDR Regimen
• Cheaper 9-12 month regimen for MDR TB
• 4-6 Km-Mfx-Pto-Cfz-Z-Hhigh-dose-E / 5 Mfx-Cfz-Z-E
• Limitations in Europe given prevalent drug resistance
pattern (7.8% only when DST performed)
• Moxifloxacin dosing weight related – safety caveats

Km = kanamycin, Mfx = moxifloxacin, Pto = prothionamide, Cfz = clofazimine, Z = pyrazinamide, H
= isoniazid, E = ethambutol

World Health Organization May 2016;
Lange C et al. AJRCCM 194(8): 1029-31, 2016

Licensed in Europe 2014
• Bedaquiline (TMC207, Sirturo®) – 5 March
2014
• Delamanid (OPC-67683, Deltyba®) – 28 April
2014
– ‘orphan designation’
– conditional approval – annual review

Bedaquiline
Class of antimycobacterial: diarylquinoline
In vitro
• Active on DS-TB, MDR-TB & XDR-TB
• Targets mycobacterial ATP synthase
• Kills both replicating and non-replicating bacilli
• Also M. leprae, M. ulcerans, M. avium complex, M.
kansasii, M. fortuitum and M. abscessus
In mice
• Increases bactericidal and sterilising activity of firstand second-line regimens
• Shortens treatment duration

Andries K, et al. Science 307:223–227, 2005

Bedaquiline pharmacokinetic
data
• Pharmacokinetic data:
– MIC for DS-TB, MDR-TB, XDR-TB: ≤ 0.008 - 0.12 μg/mL
– Cmax (400mg daily for 7 days): 5.50 ± 2.96 μg/mL
– AUC 0-24 (400mg daily for 7 days): 64.75 ± 20.7 μg.hour/mL

• Bedaquiline shows triphasic elimination
– Effective t1/2 of 24 hours
– long terminal elimination half-life (5.5 months)

•
•
•
•

Lower concentrations in Africans - ?clinically relevant
No effect age/sex/body weight/co-infection
No dose adjustment required in moderate renal failure or liver failure
Dosing (DOT recommended):
– Weeks 1-2: 400 mg (4 tablets of 100 mg) once daily
– Weeks 3-24: 200 mg (2 tablets of 100 mg) 3 times per week

DOT, directly observed therapy; MIC, minimum inhibitory concentration

C208 Stage 1 study
Primary analysis at Week 8
Effect in time to culture conversion

Significantly more patients in the bedaquiline arm than the placebo arm were
culture negative at 8 weeks

17/21 (81.0%) bedaquiline and 15/23
(65.2%) placebo patients submitted
negative sputum samples at Week 24
The intersection of horizontal dotted line and each treatment
arm represents the median time to sputum conversion

Diacon AH et al. New Engl J Med 360(23): 2397-2405, 2009;
Diacon A, et al. Antimicrob Agents Chemother 56: 3271–3276, 2012

C208 Stage 2: Median time to culture
conversion compared with placebo
Median time to culture conversion (mITT) = 83 days for bedaquiline vs 125 days for
placebo

Proportion of culture positive patients

1.0
Primary analysis:
p<0.001 for the
difference in TtC

0.8

Secondary analysis:
p=0.008 for the
difference in proportion

0.6
50%
Placebo + BR
(n=81)
58%

0.4

Bedaquiline + BR
(n=79)
79%

0.2

0
BAS

4

8

12

16

20

24

Time to culture conversion (week)

p-value from Cox proportional model adjusting for strata
The intersection of horizontal dotted line and each treatment arm represents the median time to sputum conversion

Diacon AH et al. N Engl J Med 371(8): 723-732, 2014

WHO interim guidance 2013

Median QTcF interval in 428 culture-confirmed MDR-TB patients exposed to
bedaquiline-containing regimens

• 24 (9.7%) out of 247
with QTcF >500 ms
• Of 33 deaths, QT
information on 19
(57.6%), and only
one patient had a
baseline QT>500 ms

Borisov SE, et al., ERJ 2017
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Delamanid
First in the novel class of nitro-dihydro-imidazooxazoles, specific for MTBC

CoA, coenzyme A; FAS, fatty acid synthetase; Inh A, enoyl-ACP reductase

Matsumoto M, et al. PLoS Med. 3:e466, 2006

•
•
•
•

Multi-national, randomised, placebo-controlled
100mg bid (161) or 200mg bid (160) or placebo (160)
In combination with WHO drug regimen
Primary end-point sputum culture conversion at 2
months

Trial 204
Proportion of Patients with Sputum-Culture Conversion at 2 months

Gler et al. New Engl J Med 366(23): 2151-2160, 2012

Delamanid improves outcomes and reduces
mortality in multidrug-resistant tuberculosis
•
•
•

Study 116 Multicentre, observational study
Inclusion: patients randomised in Study 204 with microbiological evidence of MDR-TB
and with solid media culture data during Study 116
Duration: up to 24 months after receiving first dose in Study 204

Skripconoka V et al. Eur Repir J 41:1393-1400, 2013

Delamanid
•
•
•
•

Promising efficacy
6 month data not randomised
Phase 3 multicentre RCT results awaited
Outcomes on treatment if Rx ≥ 6 months
– Cure rate
– Deaths

• Effect better in XDR?
• QT prolongation effect

WHO interim guidance 2014

Delamanid and Bedaquiline
XDR-TB
• 46 patients received delamanid and bedaquiline in combination
• 48% of whom started the two drugs within seven days of each other
• Patients tolerated the combination well and NO additional increase
in QT prolongation

Union World Lung Conference in Guadalajara, Mexico Oct 2017

Meropenem-clavulanate
•

In vitro evidence synergism
– Gonzalo X et al. 2013 J Antimicrobial Chem

•

Case reports XDR
– Clinical use of the meropenem-clavulanate combination for
extensively drug-resistant tuberculosis
– Payen MC et al Int J Tuberc Lung Dis 16(4):558–560

•

Case-control study: De Lorenzo et al. ERJ 2013
– Added to linezolid-containing regimens after 3/12 of second-line treatment
– 37 cases with MDR-/XDR-TB meropenem-clavulanate (3 g daily dose) to linezolid-containing
regimen (dosage range 300-1200 mg/day) – Sondalo, ITALY
– 61 controls – Haren, NETHERLANDS
– Median 67 days Rx IV
– Sputum-smear converters (28/32 (87.5%) versus 9/16 (56.3%); p=0.02)
– Culture converters (31/37 (83.8%) versus 15/24 (62.5%); p=0.06)
– Excluding XDR-TB patients (11/98 (11.2%)), cases scored a significantly higher proportion of
culture converters than controls (p=0.03).

De Lorenzo S et al. Eur Respir J 41: 1386-1392, 2013

Practicalities
•
•
•
•
•
•
•
•

Inpatient facilities for prolonged isolation
Legislation/ powers to detain
Prolonged large pill burden and up to 6-8 month injectable
Variable timings and routes
Substantive toxicities – ototoxicity/ QTc/ LFTs/ TFTs/
Non licensed indications
Outpatient administration
DOT/VOT –
– Timings (eg bd/tds regimes)
– Access (VOT now commissioned London)
– Weekends

• Drug interactions
• Recourse to public funds/ housing

NiX-TB

26/30 (87%) relapse free
51

Sir John Crofton (1912–2009)

“The greatest disaster that can happen to a patient with tuberculosis is
that his organisms become resistant to two or more of the standard
drugs. Fortunately we can prevent the emergence of drug resistance in
virtually all cases if we take enough trouble to ensure that the best
drug combinations are prescribed and that the patient takes them as
directed. It is often not realized how venial a sin can result in ultimate disaster. It might
be suggested that giving a risky combination of drugs, or even giving a drug alone, will not
matter if it is only for a short time. It is true that it may not matter in a number of patients,
but in some it can matter very much and may make all the difference between survival and
death.
The development of drug resistance may be a tragedy not only for the patient himself but for others. For he can
infect other people with his drug-resistant organisms. In such patients the disease would not be sensitive to the
drug in question. A recent survey by the Medical Research Council (Fox et al., 1957) in various clinics all over the
country has shown that no less than 5% of newly diagnosed patients were infected with organisms resistant to at
least one of the three main drugs. If physicians come to apply thoroughly the present knowledge about preventing
drug resistance, this percentage should steadily diminish”.
From Chemotherapy of pulmonary tuberculosis, by John Crofton, read to a plenary session at the Annual Meeting of the British Medical Association, Birmingham, England,
1958 (British Medical Journal, 1959, 5138(1):1610–1614).

