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Objectives

• To review briefly global epidemiology of 
resistance to newer TB drugs;

• To present approaches to the care of 
people with complex drug resistance 
patterns, including diagnosis, 
management, and use of newer 
compounds



Exciting times in the 
care of DR-TB!

• All-oral shorter regimens can now treat 
the majority of people diagnosed with 
DR-TB in 6-9 months;

• Multiple options exist—not just BPaLM!

• Higher quality data support many of the 
regimens recommended by the WHO;

• Novel compounds being assessed in 
trials (although many directed toward 
treatment shortening for DS-TB or 
“universal regimens”).



Individualized approaches still 
needed for some populations

• “Real-world” performance always less 
successful than that seen in trials;

• Toxicity and drug discontinuation must be 
managed by programs and clinicians;

• Drug resistance always exists and may be 
selected for during sub-optimal treatment;

• Lack of systematic baseline resistance testing 
can further amplify drug resistance;

• Ongoing transmission of drug-resistant strains 
is a well-documented occurrence with DR-TB.



Global Situation: 
Bedaquiline Resistance

• Most data about this new drug (compared with 
other newer agents) in clinical practice;

• Growing problem—both baseline and acquired 
during treatment;

• Rv0678 mutations most common but can see 
pepQ mutations as well;

• Not likely to have cartridge-based testing anytime 
soon

• Different clinical breakpoints and implications 
make determining resistance more challenging;

• Cross-resistance with CFZ common (? universal?);

• I491F mutation with FLQ susceptibility preserved 
in some regions (i.e. southern Africa);



How common is BDQ 
resistance?

• Baseline 2-3% among newly diagnosed people 
and as high as 7% in some settings;

• Emergence during treatment usually around 2-
3% in general treatment cohorts;

• In a population of patients on BDQ-containing 
regimens in Cape Town who still had a positive 
culture at 4 months, 8% had baseline BDQ 
resistance and 47%  acquired BDQ resistance 
over time;

• Risk factors included baseline FLQ resistance, 
prior exposure to CFZ, and four or fewer 
effective drugs in the regimen.



Global Situation: Linezolid Resistance

• May develop later in course of 
therapy (?)—most resistance due to 
mutations in the ribosomes;

• Meta-analysis showed pooled 
frequency of LZD resistance around 
4.2%;

• High rates seen in some selected 
cohorts (i.e. 19.7% in MSF Mumbai)

• May be more common in setting with 
broad antibiotic access.



Global Situation: 
Delamanid Resistance

• Limited data and experience;

• Pro-drug so mutations in pathways that 
activate drug confer resistance;

• In vitro resistance rates similar to INH;

• 4.4% baseline resistance among isolates in 
China;

• Trials show baseline resistance < 1% and 
between 1-2% acquired during therapy, usually 
in regimens containing less than 4 active drugs;

• ? Cross resistance (loss-of-function mutations 
in the genes ddn, fbi A, fbi B, fbi C, fbi D and fgd 
1 ) with other nitroimidazoles.



Global Situation: 
Pretomanid 
Resistance
• Limited data and experience;

• Pro-drug as is delamanid;

• In vitro resistance rates similar to INH;

• 1% baseline resistance seen in ZeNix trial;

• Lineage 1 strains may have higher MICs and less intrinsic 
susceptibility to pretomanid;

• ? Cross resistance (loss-of-function mutations in the genes ddn, fbi 
A, fbi B, fbi C, fbi D and fgd 1 ) with other nitroimidazoles.



Clinical Approaches
• Poor clinical outcomes seen in people 

with strains of TB that have resistance 
to BDQ, LZD, or the FLQs—cohorts 
shows about 30-45% success rates; 

• Limited access to DST for these drugs, 
and even when present, can take 
weeks for results;

• Patient populations presenting for care 
NOW;

• Presentations include: remote prior 
use; on treatment and not improving or 
“successfully treated”;  contacts of 
these individuals.



The BETTER Project

• Building Experience Treating 
Tuberculosis with Expanded 
Resistance;

• Volunteer group of front-line providers, 
impacted communities, TB programs, 
and civil society organizations;

• Goal is to share best practices and 
provide support to one another in how 
to best provide care for TB that has 
“expanded resistance”—community of 
practice.



“Expanded 
Resistance”

• Strains of TB that are resistant to one or 
more of the following medications: 
BDQ, LZD, CFZ, or the nitroimidazoles;

• Reason for this term is that mono-
resistance to any of these agents does 
not fit into current WHO definitions of 
pre-XDR or XDR.



Issues Covered by 
BETTER
• Optimizing DST;

• Informed consent and shared decision making;

• Regimen design;

• Holistic packages of support;

• Special populations;

• Pre-approval access to novel compounds;

• Post-exposure management for household 
contacts;

• Toxicity monitoring and management;

• Operational research considerations.



Optimizing DST

• Ideally, everyone would have rapid testing to all 
the drugs in the regimen they will receive;

• In reality, most people only have RIF results, 
with rapid access to FLQ for some;

• Advocacy for and investment in DST needs to 
happen (rather than wishing it away with 
universal regimen);

• In absence of this, risk groups should be: prior 
exposure to any second-line drug, positive 
culture at month 3 on treatment; treatment 
interruption, contacts of individuals in these 
groups, ? extensive disease.



Informed 
Consent and 
Shared 
Decision 
Making



Different Ways People Come into Care with 
“Expanded Resistance”

• Remote prior exposure to one or 
more agents;

• Currently on therapy and “not doing 
well”—how to define in terms of 
micro, clinical, and “interruptions”;

• Currently on therapy and doing well 
but results come that show 
resistance;

• Contacts of these individuals.



Regimen Design: Standardized Approaches? 

• Very few regimens do not contain 
BDQ (or CFZ), LZD, FLQ;

• ? endTB regimen 5: DLM-CFZ-MFX-
PZA in people with non-severe 
disease (but CFZ and BDQ cross 
resistance);

• ? MDR-END: 9 DLM-LFX-LZD-PZA  in 
people with non-severe disease;

• Be careful with BPaL!!



Individual Regimen Design: Principles

• Very similar to WHO principles for designing 
individual regimens;

• 4-5 “likely effective drugs”—although 
regimen may have more than 4-5 drugs (and 
4 drugs really only for non-severe disease);

• Most regimens will contain cycloserine
(terizidone)

• Older drugs such as PAS, ethionamide, 
amikacin;

• Duration 12-18 months after culture 
conversion;

• Often will involve injectable agents, drugs 
with higher rates of toxicity.



Individual Regimen Design: Combination of 
Bactericidal and Sterilizing Agents
• Need drugs that kill rapidly 

multiplying and more quiescent 
forms of TB;

• Bactericidal drugs more 
important in early part of therapy;

• Defining which drugs are working 
in which way can be complex;

• Many drugs have a combination 
of both properties.

Bactericidal/sterilizing utility Drugs

Drugs used for both

bactericidal and sterilizing

activity

Bdq, Dlm, Lfx, Lzd, Mfx, Pa

Drugs used primarily for

bactericidal activity

Am, Carbapenems-clavulanic

acid, Cs, Emb, Eto, high-dose

Inh (if no katG mutation)

Drugs used primarily for

sterilizing activity

Cfz, PAS, Pza



Individual Regimen Design: Stepwise 
Approach
• Step 1: Choose as many core 

(Group A) drugs as you can;
• Step 2: Choose additional oral 

agents for bactericidal activity 
(nitroimidazole, CS);

• Step 3: Choose additional oral 
agents for sterilizing activity 
(PZA, CFZ);

• Step 4: Add amikacin if 
susceptible and able to 
monitor for hearing loss;



Individual Regimen Design: Stepwise 
Approach 
• Step 5: Add carbapenem+ 

clavulanic acid;
• Step 6: Choose other “back 

up” oral drugs as needed to 
reach 5 total likely effective 
agents;

• Step 7: Consider pre-approval 
access/CU of novel 
compounds.



Individual Regimen Design: Keeping Drugs if 
Uncertainty

• Uncertainty could be due to mutation 
of unknown significance or because 
no DST done;

• Could consider this for drugs 
associated with improved 
outcomes/reduced mortality (BDQ, 
LZD, FLQ);

• Shared decision making important 
here.



Higher Dose Options

• Clinical breakpoints show “low-dose” or 
“high-dose” options (i.e. FLQs, INH, ? BDQ):

• Theoretically done to “overcome” 
mechanisms of resistance;

• Could lead to better penetration or more 
time above the MICs (i.e. CFZ, LZD);

• Additional monitoring needed for toxicity;

• Should only be done if limited options 
available. 

Drug High-dose option Monitoring on high-dose option Comment

Bedaquiline 500mg loading dose for 14

days followed by 200 mg daily

More frequent monitoring of QTcF interval (i.e.

every 14 days)

There are no clear microbiologic breakpoints

indicating when higher dose Bdq might be

effective. If there is detection of an atpE

mutation, then do not use Bdq at any dose.

Clofazimine 300mg daily More frequent QTcF monitoring, especially if

used in combination with other QTcF prolonging

drugs

Isoniazid 10-15mg/kg/day or 15-

20mg/kg/day if used in

combination with Cs

Monthly monitoring for peripheral neuropathy Should give with vitamin B6 (25-75mg daily) to

prevent peripheral neuropathy.

Do not use if there is a katG mutation detected.

Levofloxacin 20-30mg/kg/day More frequent QTcF monitoring, especially if

used in combination with other QTcF prolonging

drugs

Linezolid 1200mg daily Complete blood count, visual accuity/color vision

screening, and screening for peripheral

neuropathy every 14 days

The toxicity of this dose of Lzd has been well

established. It should only be used if there are

no other options.

Moxifloxacin 12-15mg/kg/day More frequent QTcF monitoring, especially if

used in combination with other QTcF prolonging

drugs



Ancillary Medications

• Nutritional support;

• Corticosteroids for meningitis, 
pericarditis;

• ? Calcium channel blockers to block 
the efflux pump.



Holistic Packages of 
Support

• Location of care;

• Mental health services;

• Counseling;

• Nutritional support;

• Transport and finances;

• Transitions in care;

• Palliative care;

• Post-TB lung disease



Special Populations

• At increased risk for these forms of TB 
(i.e. congregate settings, co-
morbidities);

• Issues that make dosing or access a 
challenge (children, pregnancy, 
substance use);

• Issues of drug penetration (EP-TB);

• Must be included in plans and 
treatment programs.



Pre-Approval Access

• Multiple novel compounds—although 
most being tested in treatment 
shortening trials for DS-TB;

• Quabodepistat furthest along, but also 
telacebec, ganefeborole, BTZ-043, 
TBAJ-876, TBAJ-587;

• Rocky history of pre-approval access in 
TB;

• Much of what we learned about BDQ, 
LZD, and DLM was through this kind of 
use. 



Principles of Pre-Approval Access



Post-Exposure 
Management

• Close monitoring and assessment for 
active disease;

• Medication “treatment of infection” on 
an individualized level;

• Nutritional support based on the 
RATIONS study.



Toxicity Monitoring 
and Management

• Using many more toxic, second-line 
agents, including those that cause 
permanent disability (i.e. amikacin);

• Monitoring and management MUST be 
provided, includine formal testing free 
of charge and ancillary medications;

• Shared decision making is essential.



Operational Research

• Common data elements are key to 
share experiences and generate data 
that can be used for guidelines even in 
the absence of RCTs;

• People with TB that has expanded 
resistance should be involved in setting 
priorities in this area;

• Should be funded and answer locally 
relevant questions. 



BETTER: Future Work

• Continue to provide support as needed 
to people living with TB as well as 
countries/programs;

• As data emerge, practices can be 
defined;

• Clinical teams available for training 
and support;

• Advocacy!



Thank 
you!
jenniferfurin@gmail.com
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