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2. Introductory remarks – 10 mins

3. Medications used in the Treatment of Rifampicin/Multidrug-Resistant 
Tuberculosis: Side Effects, Drug Interactions, and Optimal Monitoring 
Strategies (Dr Jennifer Furin, Harvard Medical School & Sentinel Project on 
Pediatric Drug-Resistant TB) – 40 mins

4. Q&A – 30 mins
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Objectives
• To review the drugs currently being used in 

regimens to treat drug-resistant 
tuberculosis, with a focus on side effects 
and drug-drug interactions;

• To discuss optimal monitoring strategies for 
people taking these medications as part of 
their therapy. 



Treatment of RR/MDR-TB: 
Principles of Drug Therapy
• Medications always used in combination;

• Newer regimens are more tolerable, with 
fewer side effects compared to older 
regimens, but they still have multiple 
toxicities;

• Informed partnership between providers and 
people on therapy can improve process and 
outcomes of treatment. 



Improving 
Approaches to 
Toxicity: Active 

Therapeutic 
Partnerships

• Older approach: “Don’t 
tell people about side 
effects because then 
they will never agree to 
treatment”;

• Wisdom of a person on 
treatment: “These are 
our bodies: do they 
think we are not going 
to notice?”

• Data from studies show 
that better 
communication and 
information between 
providers and people 
receiving care improves 
outcomes. 



Bedaquiline
• Unusual pharmacokinetics, including need for loading dose and 

long terminal elimination half-life;

• QTcF prolongation is main concern (although not nearly as 
problematic as originally thought);

• Drug-drug interactions with rifampicin and efavirenz (reduce the 
concentrations of BDQ);

• Concentrated in the adipose tissue (including breast milk);

• QTcF prolongation is usually asymptomatic but could be 
associated with dizziness, fainting, chest pain. 

• Baseline ECG then monitoring at month 1 and month 3 (?): more 
frequently in people who have cardiac issues, are other QTcF
prolonging medications, etc. 

• Most QTcF prolonging events occur by week 12 and there is no 
increased risk of QTcF prolongation when BDQ given beyond 6 
months.



Linezolid
• Most toxic drug being used routinely for RR/MDR-TB 

today;
• Early toxicities: bone marrow suppression (anemia, 

thrombocytopenia, leukopenia) and lactic acidosis;
• Later toxicities: optic neuritis and peripheral 

neuropathy;
• Marrow suppression may manifest as fatigue, 

dizziness, easy bruising;
• Optic neuritis may present as blurry vision, problems 

with red-green color differentiation;
• Neuropathy may present as burning, numbness, 

tingling in hands/feet;
• Toxicities usually related to the trough (lowest)  

concentrations.



Linezolid (continued)
• Overlapping toxicities with AZT, INH, alcohol;
• Higher rates of toxicity with HIV and with DM;
• May have overlapping toxicity with mental 

health medications (i.e. antidepressants);
• Monitoring needs to include baseline and 

monthly CBC, formal testing of visual acuity 
(and red/green color vision) and peripheral 
neuropathy testing (symptoms and brief 
peripheral neuropathy screen);

• Management includes holding the drug, 
lower dose reintroduction, planned dose 
reduction.



Levofloxacin
• Relatively well tolerated;

• Side effects include myalgia (muscle pain), 
arthralgia (joint pain), confusion, Achilles’ 
tendon rupture (very rare), and QTcF
prolongation;

• Symptom screening and symptom-directed 
management usually enough.



Moxifloxacin
• Relatively well tolerated;

• QTcF prolongation more common than with 
levofloxacin;

• Can also cause myalgia, arthralgia, 
confusion, Achilles’ tendon rupture;

• Symptom screening and symptom-directed 
management usually enough.



Clofazimine

• Concentrated in the adipose tissue 
(including breast milk);

• Skin hyperpigmentation: may lead 
to inadvertent disclosure, stigma—
counseling support needed;

• QTcF prolongation (especially when 
used in combination with other 
QTcF prolonging agents—often 
asymptomatic but can present as 
dizziness, fainting, chest pain;

• Nausea, vomiting, abdominal pain;
• Need ECG monitoring, symptomatic 

management, ongoing counseling 
support. 



Are we worrying too much 
about QTcF prolongation?
• Change in the electrical system of the heart;

• Formal QTcF studies are required for new drugs to be 
registered in the U.S (and other countries);

• Heavy emphasis on this when BDQ first came on the 
market;

• Data suggest clinically significant QTcF prolongation 
is rare;

• Data from TB-PRACTECAL showed only 1 instance 
for QTcF prolongation > 500msec among 328 
participants.

• May be able to reduce routine monitoring for most 
patients.



Cycloserine/Terizidone

• Primary side effects include central nervous system effects, such as 
depression, anxiety, psychosis, hallucinations, suicidal thoughts;

• May be exacerbated by substance use and alcohol use;

• May have overlapping toxicity with delamanid, isoniazid, efavirenz;

• Need to screen for depression, anxiety using standard tools at each 
visit;

• Counseling and ongoing psychosocial support key for people on this 
medication;

• Vitamin B supplementation can be considered, but not likely to be 
helpful beyond standard doses.



Delamanid
• Relative well-tolerated;

• Mild QTcF prolongation;

• Central nervous system effects, including 
hallucinations, psychosis, depression;

• Overlapping toxicity with terizidone, alcohol, 
other substances;

• Need to screen for depression, anxiety using 
standard tools at each visit;

• Counseling and ongoing psychosocial 
support key for people on this medication.



Pretomanid
• Not much known about this drug since has only used in combination 

with other medications;

• Studies in DS-TB suggest high rates of hepatotoxicity (may be a result 
of using in combination with PZA);

• May present with abdominal pain, nausea, vomiting, change in 
skin/eye color, change in color of the stool;

• Appears to be well-tolerated in cohorts of patients with RR/MDR-TB 
as part of a combination regimen;

• Associated with cataracts in animal studies but unclear if this is a 
problem in humans

• Testicular toxicity in animal studies not likely to be a problem in 
humans based on semen studies: waiting for formal opinion of FDA;

• Consider routine monitoring of liver function (especially in high risk 
groups such as people with liver disease or alcohol use)  or baseline 
assessment and symptom directed monitoring afterward.



Pyrazinamide
• Sometimes used in the treatment of RR/MDR-TB (i.e. endTB

regimens, MDR-END);

• May have some synergy with BDQ;

• DST for PZA is challenging;

• Primary side effects are liver toxicity (dose-dependent), arthralgia 
(joint pain), arthritis;

• Overlapping toxicity with alcohol;

• May present as nausea, vomiting, abdominal pain, change in color of 
skin/eyes/stool;

• Consider routine monitoring of liver function (especially in high- risk 
groups such as people with liver disease or alcohol use)  or baseline 
assessment and symptom directed monitoring afterward;

• No need to check uric acid and can use symptom-directed therapy 
for joint issues (be careful with paracetamol).



Ethambutol
• Rarely used in RR/MDR-TB;

• Generally well-tolerated but can cause optic 
neuropathy;

• Can be asymptomatic or lead to blurry vision 
or changes in red/green color vision;

• Overlapping toxicity when given with 
linezolid;

• Visual acuity monitoring monthly



Carbapenems
• Must be given intravenously and in 

combination with clavulanic acid or they do 
not kill TB;

• Side effects include rash, seizures, vomiting, 
diarrhea;

• Most challenges are with long-term IV 
therapy, including line infections and blood 
clots;

• Would be safer if could be given orally (? 
Tebipenem with clavulanic acid)



Amikacin
• Highly toxic drug that should only be given with documented 

susceptibility and if there are no other oral options;

• Side effects include renal failure, hearing loss, ringing in ears, 
balance loss;

• Overlapping toxicity with tenofovir;

• People on amikacin need to have baseline and monthly 
audiometry and baseline and monthly creatinine—the drug 
should not be given if these tests cannot be done (except in very 
rare situations);

• Toxicity may be lower with three times a week dosing or if given 
with the anti-oxidant medication N-acetylcysteine;

• Can mix with lidocaine to lessen the pain of the injection. 



Ethionamide
• Older medication that should only be used in “rescue” 

regimens;

• Main side effects are nausea and vomiting, which can 
be quite severe (and impact ability to continue taking 
treatment);

• Can also cause bitter taste in mouth and 
hypothyroidism;

• Hypothyroidism can present as fatigue, dry skin, hair 
loss;

• Overlapping toxicity with PAS;

• Should have thyroid function testing done baseline and 
every three months after that while on ethionamide;

• Will need antiemetics and counseling support. 



PAS
• Older medication that should only be used in “rescue” 

regimens;

• Usually comes as a “granule” formulation that often has 
to be given with acidic foods (i.e. yogurt);

• Main side effects are nausea vomiting, and diarrhea 

• Can also cause bitter taste in mouth and 
hypothyroidism;

• Hypothyroidism can present as fatigue, drug skin, hair 
loss;

• Overlapping toxicity with ethionamide;

• Should have thyroid function testing done baseline and 
every three months after that while on PAS;

• Will need antiemetics and counseling support. 



Co-morbidities: HIV
• People with HIV may have challenges with 

absorption of TB medications;

• Drug-drug interactions between bedaquiline 
and efavirenz as well as between 
bedaquiline and  protease inhibitors 
(although less than with efavirenz);

• Multiple ARVs have overlapping toxicities 
with second-line TB medications (i.e. AZT 
and LZD; tenofovir and amikacin; cycloserine 
and efavirenz)



Co-morbidities: 
Hepatitis C
• Used to recommend a staged treatment 

approach (treated RR/MDR-TB first and then 
hepatitis C);

• This staged approach showed increased 
rates of morbidity and mortality;

• Now recommend co-treatment for hepatitis 
C and RR/MDR-TB as there are no notable 
drug-drug interactions and there is more 
toxicity if the hepatitis C is not treated. 



Co-morbidities: 
Diabetes Mellitus
• Common co-morbidity;

• Although there are not drug-drug interactions or 
overlapping toxicities with the medications, there are 
important interactions;

• Poorly controlled DM can lead to lower drug levels 
and higher rates of poor outcomes;

• DM causes vision impairment and peripheral 
neuropathy, which can be seen with some TB drugs, 
including LZD, EMB, and INH;

• Close monitoring needed for glycemic control and 
more intense monitoring for vision changes and 
peripheral neuropathy. 



Co-morbidities: mental 
health
• Multiple TB drugs can cause depression, 

psychosis, etc., including LFX, MFX, DLM, 
CS;

• TB itself can lead to mental health stresses;

• LZD can have overlapping toxicities with 
antidepressants;

• Generally safe with other mental health 
medications, methadone;

• Screening for mental health issues key at 
every visit. 



Family planning and TB 
treatment 
• Few interactions with family planning 

medications and second-line TB drugs;

• If possible, pregnancy should be deferred 
until treatment completion;

• Family planning services should be offered 
as routine part of DR-TB treatment. 



Monitoring and 
Management Tools
• Routine labs/testing

• Symptom directed testing;

• Recording of AEs in patient records;

• Reporting of AEs;

• Management of AEs: this is an essential part of 
treatment and should be free of charge



Grading of adverse events
• Use of standard values/scales to determine 

severity;

• Often based on a scale of 1-4, with 1 being 
“mild” and 4 being severe;

• Try to add a more “objective” value to the types 
of side effects seen-but can still be very 
subjective;

• Try to determine if the side effect interferes with 
daily activities/functioning.



When should a drug be 
discontinued?
• Balance between how much the drug is 

needed to treat the TB versus how troubling 
the side effect is;

• Try other management strategies first (i.e. 
lowering dose, other medications);

• If side effect is permanent or severe, then 
discontinuation may be needed, with 
substitution with another agent.



Summary
• Adverse events and overlapping toxicities are 

common in RR/MDR-TB treatment and 
partnership approach needed for optimal 
management;

• Adverse events may be more common in 
populations at high risk for RR/MDR-TB, 
especially people living with HIV and DM;

• Adverse event detection, monitoring, and 
management essential parts of treatment for 
RR/MDR-TB. 



Thank you!
jenniferfurin@gmail.com
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