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Tuberculosis (TB) is a communicable disease that is a major source of illness, one of the ten causes of mortality worldwide, and the largest cause of death from a single infectious agent Mycobacterium tuberculosis. HIV infection and TB are a fatal combination, with each speeding up the progression of the other. Barriers to integrated treatment as well as safety concerns on the co-management of HIV- TB co-infection do exist. Many HIV TB co-infected people require concomitant anti-retroviral therapy (ART) and anti-TB medication, which increases survival but also introduces certain management issues, such as drug interactions, combined drug toxicities, and TB immune reconstitution inflammatory syndrome which has been reviewed here. In spite of considerable pharmacokinetic interactions between antiretrovirals and antitubercular drugs, when the pharmacological characteristics of drugs are known and appropriate combination regimens, dosing, and timing of initiation are used, adequate clinical response of both infections can be achieved with an acceptable safety profile. To avoid undesirable drug interactions and side effects in patients, anti TB treatment and ART must be closely monitored. To reduce TB-related mortality among HIV-TB co-infected patients, ART and ATT (Anti Tuberculosis Treatment) outcomes must improve. Clinical practise should prioritise strategies to promote adherence, such as reducing treatment duration, monitoring and treating adverse events, and improving treatment success rates, to reduce the mortality risk of HIV-TB co-infection.
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Introduction

Tuberculosis (TB), a communicable disease, is one of the ten major causes of mortality worldwide, and the largest cause of death from a single infectious agent Mycobacterium tuberculosis. In 2019, an estimated 10.0 million people had active TB worldwide, with 1.2 million HIV-negative individuals and 208 000 HIV-positive people dying from the disease (1).

Drug-resistant (DR) TB occurs when bacteria become resistant to the drugs used to treat TB.

Rifampicin resistance includes any resistance to rifampicin detected using phenotypic or genotypic method whereas multidrug resistance is resistance to at least both isoniazid and rifampicin. Drug-resistant TB is a major health concern globally with about half a million persons diagnosed with rifampicin-resistant tuberculosis (RR-TB), with 78% having multidrug-resistant tuberculosis (MDR-TB). India (27 percent), China (14 percent), and the Russian Federation (14 percent) were the three countries with the highest share of the global burden. MDR/RR-TB was found among 3.3 percent of new TB patients and 17.7 percent of previously treated cases globally (1).

HIV and TB constitute a fatal combination, with each speeding up the progression of the other. HIV impairs the immune system, increasing the risk of TB in HIV-positive individuals. Even when HIV-infected individuals are on antiretroviral therapy (ART), the risk for developing active TB increases by 2-5 times during early HIV-1 infection and by a significant margin of more than 20 times in advanced HIV-1 disease. Even while on ART there is an approximately 4-fold increased risk of TB for HIV-infected patients (2). Also, one of the major risk factors for latent tuberculosis infection (LTBI) progression to active TB is HIV infection. LTBI in immunocompromised individuals may serve as a reservoir for future progression to TB disease (3).

Many HIV infected TB patienst have few symptoms or less specific symptoms of TB (productive cough, chest pain, shortness of breath, hemoptysis, fever, night sweats, and/or weight loss). They have atypical chest radiographic findings. As they are less likely to have cavitory lesions, smear negative TB is more common. Evaluate all HIV patients for TB and offer HIV testing for all TB patients.

Barriers to integrated treatment as well as safety concerns on the co-management of HIV and TB infection exist. The obstacles include a separate set of health care providers to treat HIV and TB, lack of proper clinical guidance to detect and manage appropriately the immune reconstitution inflammatory syndrome (IRIS), occurrence of potential drug-drug interactions, additive drug toxicities and tolerability issues besides the adherence challenges associated with high pill burden.

Many HIV TB co-infected people require concomitant ART and anti-TB medication, which increases survival but also introduces certain management issues, such as drug interactions, combined drug toxicities, and TB IRIS which has been reviewed here. In spite of considerable pharmacokinetic interactions between antiretrovirals and antitubercular drugs, when the pharmacological characteristics of drugs are known and appropriate combination regimens, dosing, and timing of initiation are used, adequate clinical response of both infections can be achieved with an acceptable safety profile. To avoid undesirable drug interactions and side effects in patients, anti TB treatment and antiretroviral therapy (ART) must be closely monitored.



Treatment of HIV-TB Co-infection


Drug Sensitive Tuberculosis

Treating TB disease benefits not only the individual patient but also the community as a whole. Patients with TB diseases must be diagnosed promptly, initiated on TB treatment early and complete the full prescribed course of the treatment. New patients with pulmonary TB should receive a regimen containing 6 months of rifampicin (RIF) with the use of fixed dose combination and daily dosing frequency. Patients with drug-susceptible TB and living with HIV also require only 6 months of RIF-containing ATT (4). In all HIV-infected patients with active TB, early diagnosis of TB and prompt initiation of ATT is advised. This should be followed by ART initiation, irrespective of CD4 T lymphocyte cell count. Physicians in developing countries prefer to start ART at least 2-8 weeks after initiation of ATT to avoid developing any IRIS (5–7).

The principles used to treat pulmonary tuberculosis also apply to extrapulmonary forms of the disease in general with the recommendation of 6 month treatment regimen.



Drug-Resistant Tuberculosis

For MDR/RR-TB patients, both shorter and longer treatment regimens are now available based on their previous history of TB treatment. The treatment duration varies from 9-11 months for newly diagnosed MDR-TB patients to 18–20 months long duration for highly drug-resistant TB patients - the treatment period may be extended based on the treatment response of the patient. A shorter MDR-TB regimen of 9–11 months shall be suggested in the place of the longer duration regimens in MDR or RR-TB patients, who were not treated earlier for more than a month with second-line drugs used in the shorter MDR-TB regimen or in those where resistance to fluoroquinolones and second-line injectable agents has been ruled out (8, 9). The anti-TB drugs used to constitute a regimen for MDR-TB management in people living with HIV (PLHIV) is same as for a non-HIV individual.

In the STREAM trial, one-third of the participants were HIV infected and the trial did not restrict participation of PLHIV based on their CD4 T lymphocyte cell count. The cause for the increased death seen among PLHIV in the trial group was not clear - the detailed assessment of the causes of death failed to provide any additional information that the shorter regimen was more detrimental to PLHIV either because of high pill burden or poor adherence to drugs, or drug-drug interactions between ATT and ART (10). Thus the shorter regimen has been suggested for use in PLHIV along with the timely initiation of ART as per World Health Organisation (WHO) guidelines. Besides the response to ART, its safety, tolerability and drug interaction should also be monitored closely at periodic intervals.

Nix-TB trial enrolled HIV-infected patients with a CD4 T lymphocyte cell count of more than 50 cells/µL and were on allowable ART. In the NIX-TB trial, owing to the small sample size it was not possible to perform any adjusted stratified analyses for PLHIV although they represented half of those enrolled. The study showed that in a substantial percentage of patients with extensive drug resistance, the combination of Bedaquiline (BDQ), Pretomanid (Pa), and linezolid (LZD) led to a sustained favorable outcome six months after treatment completion (11). With careful monitoring, few drug-drug interactions may be avoided by referring the website developed by University of Liverpool on HIV drug interactions (12). Thioacetazone (THz), should not be administered to HIV-infected individuals or those whose HIV status is not known because of the danger of Stevens-Johnson syndrome and toxic epidermal necrolysis. Efavirenz (EFV) significantly reduces Pa exposures – hence, an alternative antiretroviral drug must be taken into consideration if Pa or the BPaL regimen is being considered for the management of DR-TB in a PLHIV (13). ART using Zidovudine (AZT) as one of its drug combination should only be used with extreme caution as both AZT and LZD cause peripheral nerve toxicity and combine use may result in additive effect. Both the drugs are also known to cause myelosuppression in both HIV-infected and uninfected individuals.



Choice of ART in HIV TB Co-Infection

Antiretroviral, Integrase inhibitors (INSTIs), which mostly comprise raltegravir (RAL) and dolutegravir (DTG), have been shown to demonstrate good efficacy and safety, and are superior to Protease Inhibitors (PIs) when it comes to longevity (14). They reduce treatment discontinuation and provide a stronger higher genetic barrier to resistance than EFV-based ART (15). DTG, an integrase strand transfer inhibitor, is becoming more used as a first-line ART around the world (16). Preliminary pharmacokinetic data of the trials providing DTG-based ART with BDQ-containing regimens will throw further light on it (16). However, in low- and middle-income countries, where women of reproductive age make up a major proportion of the HIV-positive population, the lack of pregnancy safety evidence has also impeded the use of dolutegravir for all adults but the study done in Botswana found that women who started dolutegravir-based ART during pregnancy had no increased risk of bad birth outcomes, including severe unfavourable birth outcomes (17). Because it is well tolerated and has a low theoretical risk of medication interactions, the DTG fixed-dose combination has been recognized as a core component of ART regimen in the management of DR-TB and HIV co-infection. Due to increasing levels of transmitted Non-nucleoside Reverse Transcriptase Inhibitor (NNRTI) drug resistance in low- and middle-income countries, as well as its high barrier to resistance and improved tolerability compared to EFV, WHO recently recommended DTG as first-line therapy for the initiation of ART (18).

Protease inhibitors with ritonavir (PI/r) should be used in ART regimen in settings or countries where DTG is not available or risk of toxicity is high or there is high level of pre-treatment drug resistance i.e., ≥10 percent (18). The choice of PI/r will depend on the availability of the drug in the country’s programmatic setting. If HIV drug resistance testing is available, then that can also be used to decide on the selection of PI/r and design an ART regimen (18). Unlike EFV, DTG not only has fewer drug-drug interaction (19) but also exhibits higher genetic barrier to develop resistance (20). In addition to these, DTG is also effective against HIV-2 infection, which is resistant to EFV naturally (21–23). Pharmacokinetic studies of DTG with RIF containing ATT in HIV-TB co-infected adults showed the combination to be safe and efficacious (24, 25). As drug-drug interactions was noticed between RIF and DTG, it has been recommended to increase the dose of DTG to 50 mg two times a day. ATT with ART regimens containing the increased dosing of DTG was found to not only effectively suppress viral loads but achieve this faster and in shorter time along with improvement in CD4 T lymphocyte cell counts. Similarly, rifabutin and rifapentine in standard doses can be safely co-administered with DTG in PLHIV (25). Studies to understand the safety, efficacy and drug-drug interaction of other anti-tuberculosis drugs with DTG in PLHIVs with TB diseases are underway.

DTG in comparison with NNRTIs and boosted PIs, seem to have lower risk of drug-drug interaction with other drugs. Still DTG has to be used with caution or cannot be used with few drugs like anticonvulsants (e.g., phenytoin), antiarrhythmic drugs (e.g., dofetilide), antacids containing magnesium or calcium, laxatives and multivitamins. Concomitant use of antacids or laxative may result in sub-therapeutic DTG blood levels and hence if there is a need to combine these medications, then DTG should be administered at least two hours before or six hours after taking these medicines (12). The cations in these agents may act as a chelating agent resulting in sub-therapeutic levels of DTG in blood. In treatment-naive TB/HIV patients, the effects of INSTIs-based ART are equivalent to EFV-based ART, as shown in a meta-analysis of a randomised clinical trial. This supports the recommendation of INIs-based ART as first-line treatment in TB/HIV patients (26). When non-DTG-based ART is not effective in PLHIV, a combination of DTG with nucleoside reverse-transcriptase inhibitors (NRTI) can be recommended. Regimen with boosted protease inhibitors along with optimized NRTI drugs are recommended as preferred second-line regimen for PLHIV in whom DTG-based regimens are failing (18).

Tenofovir alafenamide fumarate (TAF) is the prodrug of Tenofovir (TDF), available as a single-strength tablet. It has been shown that TDF when combined with DTG or other INSTIs has improved renal and bone safety as compared to use of TDF alone. The limitations of taking TAF include an increase in blood cholesterol levels and body weight gain (27, 28). TAF has been shown to interact with anti-TB drugs including RIF. Uncertainity still exists about the exact dose of TAF that can be given along with ATT (29). Hence TDF is the preferred ARV drug for first-line regimens that can be combined with DTG and lamivudine (3TC). However, in special circumstances in adults like bony ailments like osteoporosis or kidney abnormalities like chronic renal disease or concomitant use of nephrotoxic drugs, TAF can be considered as an alternative option (30, 31).



Timing of ART Initiation

Antiretroviral medication should be initiated in all PLHIVs, especially those with TB coinfection. WHO recommends to start ART, regardless of CD4 T lymphocyte count, within two weeks of initiating ATT (27). In persons with CD4 T lymphocyte count ≤50 cells/mm3, a meta-analysis found that starting ART sooner (≤ four weeks) reduced death at one year. There was no evidence that early ART (≤ four weeks) was beneficial or harmful in persons with higher CD4 T lymphocyte counts (27).

Drug toxicity, drug-drug interactions (32), a patient’s perception of high pill burden, and IRIS (33, 34) are all factors to consider for not commencing ART early during TB treatment as all of the above may impair adherence to ART and retention in care (35). Reduced HIV consequences, such as progression to AIDS-defining illness and mortality (36, 37), and a faster HIV viral load reduction, both of which help patients and their partners by reducing HIV transmission, are two of the benefits of starting ART early during TB treatment (38). Early ART initiation may also ease program implementation and minimize unintentional delays caused while waiting for the results of CD4 T lymphocyte cell counts (39). Although IRIS, a hyperinflammatory response against latent infections that happens after the improvement in CD4 T lymphocyte count, was more likely in patients who initiated ART early, IRIS-related death was rare (40). Clinicians should be on the lookout for signs and symptoms of IRIS, and patients should be informed about the risk of acquiring it. Table 1 outlines the summary of the treatment for TB and HIV based on WHO guidelines.


Table 1 | Summary of the treatment for TB and HIV based on WHO guidelines (4, 8, 9, 18).





Rifamycins and Antiretrovirals

Rifamycin (RMP) based TB regimens have been demonstrated to be most effective when given throughout TB treatment in HIV-infected individuals. If RMP is given only for the first two months of treatment, high relapse rates have been observed and a minimum of six months of RMP treatment is needed to achieve a cure. When treating HIV co-infected patients, some have recommended even longer treatment regimens of 8 months or more (41). Non-rifamycin-based regimens are thought to be less effective and also they extend the duration of TB therapy to 18–24 months and they are linked to increased toxicity and relapse rates. RIF is the most commonly used and widely available RMP.

In light of clinical relevance, a systematic review had shown that HIV infection increases the risk of low first line drugs exposure, which could have negative effects for treatment results (42). Patients with HIV infection have reduced plasma levels of first-line antitubercular medicines (INH, RIF, EMB, PYZ) when taken orally. Patients with advanced HIV illness and diarrhoea appear to have a higher risk of decreased drug levels (43).

RIF is a cytochrome P450 enzymatic inducer, which implies it would create pharmacokinetic drug-drug interactions. The level of CYP3A4 induction varies depending on the RMP drug taken (RIF > rifapentine > rifabutin) (44). Drug absorption in advanced HIV disease patients and drug-drug interactions are two major pharmacokinetic concerns raised by the use of RMP-based antitubercular regimens for HIV patients.

Interactions between RIF and two types of ARVs: NNRTIs and PIs are expected due to liver enzyme induction. Previously, nevirapine (NVP) was indicated as an NNRTI to be used in conjunction with TB treatment (45), but earlier meta-analysis suggests that NVP-based ART is less efficient than efavirenz-based ART (46, 47). As a result, patients with and without TB coinfection should avoid NVP-based combination therapy whenever possible. If NVP is used to treat HIV the lead-in once-daily dosing phase should be avoided and twice-daily dosing should be used throughout the treatment

If TB is diagnosed in patients on NVP-based ART, Rifabutin should be taken if it is available. If rifabutin is not available, NVP should be replaced with EFV 600 mg. When TB treatment is completed, NVP can be continued (5). Patients with TB who are currently taking many potentially hepatotoxic drugs should be especially concerned about the risk of NVP-related hepatitis (INH, RIF and PYZ). Few drug interaction, like the one between RIF and EFV (which causes a 20–25 percent reduction in area under the concentration-time curve (AUC) (48), donot have published clinical experience. In a thai study, patients on RIF based TB treatment and 600- or 800-mg doses of EFV exhibited equivalent EFV concentrations (49).

Other NNRTIs, such as Rilpivirine (RPV) (50), etravirine (ETR) (51), and doravirine (DOR), are largely metabolized by CYP3A4, and their concentrations are greatly reduced when combined with RIF (52), to the point that they ought not to be used together. DOR exposure is reduced by 50% when given with rifabutin, however, a twice a day DOR dose appears to adequately overcome the induction (53). According to physiologically based pharmacokinetic (PBPK) modeling, combining rifampicin with long-acting intramuscular RPV and cabotegravir could result in sub therapeutic drug concentrations in HIV-infected patients coinfected with TB, therefore these combinations should be avoided (54) Delavirdine (DLV) should not be taken at the same time. Except for zidovudine (ZDV) and enfuvirtide, the nucleoside analogs have no notable interactions with the RIF. NRTIs can be taken together without changing the dose.

When RIF is combined with RAL, RAL exposure is lowered by 40% and DTG AUC is reduced by 54% (55, 56). However, as observed in the Reflate TB trial (57), these medications are widely and efficiently used clinically at a regular dose of 400 mg two times a day or a double dose (800 mg two times a day) for RAL, and a double dose of 50 mg two times a day for DTG (24). Because both elvitegravir/cobicistat and bictegravir are CYP3A4 and UGT1A1 substrates, RIF substantially decreases their levels, making the concomitant usage inappropriate (58–60).

When PIs and RIF are taken together, serum levels of PIs can drop to sub therapeutic levels, while RIF serum levels can rise to dangerous levels. Rifampin significantly lowers the plasma levels of most of the PIs (AUC drops of 80%–95%), making their concurrent administration impossible or contraindicated (48). The drug ritonavir may be an exception to this rule.

	(i) The use of RIF in combination with atazanavir (ATV) (300 mg per day) and ritonavir (100 mg per day) should not be used since ATV drug levels become subtherapeutic. RIF reduces the level of unboosted PIs significantly, hence it is not recommended for use with nelfinavir, indinavir, or ATV without ritonavir boosting. With RIF, high dosages of ritonavir can be utilized, albeit at the cost of increased hepatotoxicity. Indinavir, Saquinavir, Amprenavir, fosamprenavir, and Atazanavir/ritonavir should not be taken together. As rifabutin is a less effective enzyme inducer than RIF, it is the preferred medication in patients who are taking PIs.

	(ii) Some drug drug interactivity, like the one between RIF and the PI nelfinavir (the outcome of which is an 80 percent–90 percent reduction in the AUC for nelfinavir (48), could very certainly lead to a significant decrease in antiviral activity and the evolution of resistance to nelfinavir and other ART medications.

	(iii) For patients receiving both LPV and ritonavir (LPV/r) and RIF, dosages of LPV and ritonavir (LPV/r) must be greatly raised if rifabutin is not available (61). It is important to monitor liver enzymes.

	(iv) Darunavir/ritonavir-adjusted dosages with RIF had an unacceptable risk of hepatotoxicity. The daily modified dose significantly reduced darunavir trough concentrations (62).



The appropriate dosing of DTG when used with RIF, a critical medicine used in the treatment of vast number of HIV TB co-infected persons in low middle income countries, is still unknown. RIF increases DTG metabolism and decreases drug levels by inducing the liver enzymes uridine glucuronosyltransferase 1A1 and cytochrome P450 3A4 (63). Although full 48-week results from the INSPIRING trial are pending, preliminary data shows that raising the dose of DTG to 50 mg twice a day when co-administered with RIF may be efficacious, risk- free, and tolerated for individuals co-infected with HIV and TB (24).

Alternative RMP, which produces less enzyme induction, is one way to reduce drug-drug interactions associated with RIF. Rifapentine is presently not suggested for usage in HIV-infected persons due to recurrences of tuberculosis with RMP mono drug-resistant strains when taken once a week during the continuation phase of TB treatment (64). Rifabutin has the lowest potential for improving antiretroviral metabolism of all the RMPs now available. Rifabutin is a CYP3A4 substrate and as a result, combining NNRTIs with PIs lowers rifabutin levels, necessitating rifabutin dose adjustments (48). However it can be given with raltegravir or dolutegravir, integrase strand transfer inhibitors, without requiring dose modifications. Rifabutin should be offered worldwide as a first-line rifamycin for HIV co-infected people and as a switch option for rifampicin-related ADRs (65). Unfortunately, TB control programs in most developing countries cannot employ this technique because rifabutin is now unreasonably costly, and broad adoption could necessitate significant decrease in price and moreover TB is treated with standard treatment regimens in high-burden countries, generally in fixed-dose combinations.



Bedaquiline and Antiretrovirals

BDQ (66), a novel diarylquinoline antimycobacterial, is the first new tuberculosis medicine officially agreed in almost 40 years for the therapy of both multidrug-resistant and extensively drug-resistant tuberculosis (67). Treatment with a BDQ along with LZD-containing regimen was connected to higher treatment outcomes and survival in PLHIV with coinfected MDR-TB (68). BDQ is metabolised to its active M2 metabolite by the cytochrome p450 isoenzyme 3A (CYP3A), that has lesser antimycobacterial activity but may produce a prolongation of QT effect (69). Co-administration of EFV with BDQ, on the other hand, leads in decreased BDQ concentrations because EFV increases CYP3A (67, 69). In a study of 30 healthy volunteers done by the AIDS Clinical Trials Group, co-administration of EFV with a BDQ single dose resulted in an eighteen percent decrease in the BDQ area under the curve (70).

Because NVP has a modest effect on BDQ concentrations, the major WHO recommendation based on these pharmacokinetic and modelling findings is to transition from EFV to NVP when BDQ is started (panel) (71). If switching from an EFV fixed-dose combination to multiple-pill, twice-daily NVP-based regimens results in worse adherence and worse HIV viral control, the overall benefit of BDQ could be endangered. NNRTI resistance may be selected for by poor ART adherence (due to higher pill burden or NVP-related adverse medication effects) (72).

NRTI is unlikely to influence BDQ concentrations (73). RPV is unlikely to have a significant effect on BDQ exposure at a common dose of 25 mg daily. A secondary effect on QT prolongation may be evident, mostly at supratherapeutic RPV dosages (74). RTV is an enzyme inhibitor and when BDQ is used with ritonavir-boosted lopinavir (LPV/r), there is a risk of considerable build-up of BDQ and its metabolites. As a result, this combination is not suggested (75).

As a result, PIs should be used with caution in combination with BDQ and with frequent electrocardiogram (ECG) monitoring, and should be restricted in the presence of alternate ART options availability, particularly true when used along with other QT-prolonging drugs. In DR-TB regimens, fluoroquinolones (especially moxifloxacin), Clofazimine (76), and Delamanid (DLM) (77), all of which cause QT prolongation, are frequently co-administered with BDQ, with the possibility of additive toxicity (78). However, new clinical evidence suggests that combining these drugs is relatively safe (79, 80) if periodic monitoring for QT interval prolongation is done as a routine and no other drug interactions are anticipated. During the use of all the above drugs, patients must be counselled on birth control and safe sexual practices as the safety of these drugs during pregnancy is not certain.



Other II-line Drugs and Antiretrovirals

Pre-XDR and XDR-TB cohorts of patients treated with LZD had a higher rate of culture conversion (81–84) than previously reported in XDR cohorts (81–84), and HIV-infected patients on ART were able to tolerate prolonged LZD exposure, with dose reduction in certain cases. Despite low CD4 T lymphocyte cell counts, HIV infection was not linked to a worse treatment response; however, all HIV-infected patients in this cohort were on first- or second-line ART and the majority had suppressed viral levels, which may have contributed to the positive interim results. All patients using linezolid should be monitored for specific adverse events regularly, and while these occurrences are not rare, they may be handled effectively in HIV-infected and uninfected patients, even on an ambulatory basis (85). There are significant pharmacodynamics interactions between LZD and ART, which may explain the HIV-infected patients experiencing greater LZD toxicity (85). Both LZD and ZDV cause anaemia, which can be worse when taken together; and the use of other NRTIs that inhibit mitochondrial gamma polymerase could increase LZD mitochondrial toxicity (86). Table 2 shows the Possible Drug-drug interactions of Bedaquiline and Linezolid with other drugs (8).


Table 2 | Possible Drug-drug interactions of Bedaquiline and Linezolid with other drugs (8).



The DLM and Pretomanid (previously PA-824) nitroimidazoles are the next class of new anti-TB drugs to enter clinical use. DLM, like BDQ, does not affect drug transporters or CYP enzymes (87), and simultaneous use does not affect NNRTI or PI exposures (88). Clofazimine and ART have not been studied for drug-drug interactions, and no dose modifications are currently indicated. Table 3 portrays the adverse effects and overlapping toxicities of ATT and Antiretrovirals.


Table 3 | Adverse effects and overlapping toxicities of ATT and Antiretrovirals.





Adverse Reactions and Tuberculosis Immune Reconstitution Inflammatory Syndrome

Medication-induced liver injury has been linked to all antiretroviral drug classes and some anti-TB treatments such as pyrazinamide, isoniazid, and rifampicin (89, 90). When efavirenz and nevirapine were given together with TB treatment, there was an increase in hepatotoxicity (45). Alcoholism, co-infection with Hepatitis B and C, IRIS hepatitis, and obstruction by nodes at the porta hepatitis all lead to liver injury, as do shared metabolic pathways of anti-TB and antiretroviral medicines. Other side effects include cutaneous and gastrointestinal problems, as well as peripheral neuropathy, which can be severe at times (91). These side effects include drug rashes (which can occur with many TB drugs, as well as co-trimoxazole, nevirapine, and, less frequently, efavirenz), gastro-intestinal intolerance (especially with zidovudine, didanosine, protease inhibitors, pyrazinamide, ethionamide, and para-aminosalicylic acid), and neuropsychiatric side effects (especially with efavirenz, isoniazid, ethionamide and cycloserine) (92). Several factors found to be associated with poor treatment outcomes (default, death, loss to follow up) - smoking, history of hospitalization upon starting treatment, lower TB symptom score, internalized stigma (93), male patients and those with alcoholism (94), older age, HIV co-infection and rural residence (95), diabetes mellitus (96) should be addressed appropriately for better TB cure.

TB-IRIS is the paradoxical worsening of symptoms and signs of TB after starting ART (rarely with ATT itself), despite a favorable immunological recovery and effective virological suppression. TB-IRIS is of two types (1) Paradoxical TB-IRIS that occurs in HIV-TB co-infected patients started on ATT and subsequently started on ART. Paradoxical IRIS is relatively easy to diagnose because of its biphasic pattern of initial improvement with ATT followed by a latter phase “paradoxical” deterioration after ART initiation (2). Unmasking TB-IRIS or ART associated TB occurs in an asymptomatic individual without a prior diagnosis of TB who starts developing symptoms with ART initiation (97). Physicians should keep in mind that the start of this syndrome is associated to ART commencement, ART substitution (from I to II line reducing viremia), and ART cessation followed by re-initiation (91). Initiating ART before CD4 T lymphocyte cell counts drops considerably could protect patients against opportunistic infections and eventual IRIS (98). Anti-inflammatory medicines, particularly steroids, are the mainstay of treatment for TB-IRIS, while non-steroidal anti-inflammatory therapies may be effective as an initial treatment for milder and more localised cases of IRIS (99). A recent review on host directed therapies (HDT) to improve treatment outcome has recommended certain HDT strategies to be most appropriate against active TB and associated forms of TB (such as, TB-IRIS, TB-induced pulmonary diseases and extrapulmonary TB): eicosanoid modulators (NSAID and lipoxygenase inhibitors), inflammatory mediators (corticosteroids and tyrosine kinase inhibitors), metformin, ICIs, cytokine modulating therapy, statins, auranofin, cell-based therapies, miR and autophagy modulating drugs (100).

As novel HIV or TB treatment regimens are developed, the HIV-TB co-infected patient must be taken into account to appropriately examine the drug-drug and drug-disease interactions that influence dose, safety, and response. To reduce TB-related mortality among HIV-TB co-infected patients, ART and ATT outcomes must improve and it is critical to conduct pharmacokinetic (PK) and pharmacodynamic (PD) studies to determine the amount of these drug interactions and their impact on treatment outcomes in these patients including children and women of child bearing age group. Clinical practise should prioritise strategies to promote adherence, such as reducing treatment duration, monitoring and treating adverse events, and improving treatment success rates, to reduce the mortality risk of HIV/TB coinfection.
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Drug sensitive TB

Recommendations

* 4-month fluorogquinolone-containing regimens should not be used and the 6-month rifampicin-based regimen remains the recommended regimen
e The use of fixed-dose combination (FDC) tablets is recommended over separate drug formulations
¢ the use of thrice-weekly dosing is not recommended in both the intensive and continuation phases of therapy, and daily dosing remains the recommended dosing

frequency

* For those who are living with HIV and receiving antiretroviral therapy during TB treatment, a 6-month standard treatment regimen is recommended over an
extended treatment for 8 months or more
* New patients with pulmonary TB should receive a regimen containing 6 months of rifampicin:2HRZE/AHR

Drug resistant TB regimens

e Shorter regimen for MDR/RR-TB: 4-6 Bdq (6 m)-Lfx/Mfx-Cfz-Z-E-Hh-Eto/5 Lix/Mfx-Cfz-Z-E (shorter all-oral bedaquiline-containing regimen).®

Shorter regimen

for MDR/RR-TB with quinolone resistance: 6-9 Bdqg-Pa-Lzd (6-9 month treatment regimen composed of bedaquiline, pretomanid, and linezolid — BPaL regimen).
e Longer regimen for MDR/RR-TB: 18 Bdq (6 m)-Lfx/Mfx-Lzd-Cfz (18-month treatment regimen composed of bedaquiline for the first 6 months and levofloxacin or
moxifloxacin, linezolid, clofazimine for 18 months).

Initiation of ART
Timing of ART initiation

Among people living with HIV with
signs and symptoms suggesting TB,
initiation of ART

Adults, adolescents, and children
being treated for HIV-associated TB
(including multidrug-resistant TB),
initiation of ART

Adults, adolescents, and children
being treated for HIV-associated TB
meningitis (either clinically or with a
confirmed laboratory test), initiation
of ART

People living with HIV who are
already diagnosed with TB but not
receiving ART or treatment for TB
Preferred Antiretroviral regimens

First-line regimen  Second-line
regimen

TDF + 3TC (or Two NRTIs +

FTC) + DTG ATV/r (or
LPV/)
Two NRTIs +
DRV/r

TDF + 3TC + EFV Two NRTIs +

400 DTG

mg

ART should be initiated for all people living with HIV regardless of WHO clinical stage and at any CD4 T lymphocyte cell count
Rapid ART initiation [within seven days from the day of HIV diagnosis] should be offered to all people living with HIV following a
confirmed HIV diagnosis and clinical assessment.

Except for central nervous system disease (meningitis), initiate ART while rapidly investigating for TB, with close follow-up
within seven days to initiate TB treatment if TB is confirmed.

ART should be started as soon as possible within two weeks of initiating TB treatment, regardiess of CD4 T lymphocyte cell
count, among people living with HIV.

ART should be delayed at least four weeks (and initiated within eight weeks) after treatment for TB meningitis is initiated.
Corticosteroids should be considered an adjuvant treatment for TB meningitis.

TB treatment should be initiated first, followed by ART as soon as possible within the first two weeks of treatment.

Third-line regimen

DRV/r + 1-2 NRTls + DTG
Optimize the regimen using a genotype profile (if LPV is used in second-line ART)

Optimize the regimen using a genotype profile

Two NRTIs + (ATV/r, DRV/r or LPV/r) + DTG

H, Isoniazid; R, Rifampicin; Z, Pyrazinamide; E, Ethambutol; Bdq, Bedaquilne; Lfx, Levofloxacin; Mfx, moxifioxacin; Cfz, Clofazimine; Hh, High dose Isoniazid; Eto, Ethionamide; Pa,
Pretomanid: Lzd, linezolid; TDF Tenofovir disoproxil fumarate; 3TC, Lamivudine; FTC, Emtricitabine; DTG, Dolutegravir; EFV, efavirenz; NRTI, Nucleoside reverse, transcriptase inhibitors;
ATV/r, Atazanavir/ritonavir; LPV/r, Lopinavir/ritonavir; DRV/r, Darunavir + ritonavir.
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Strong/moderate Efavirenz®
inducers of Rifamycins:
cytochrome P450% Rifampicin
may decrease blood Rifapentine
levels of bedaquiline Rifabutin
Phenytoin
Carbamazepine
Phenobarbital
St. John’s Wort
Strong/moderate ritonavir-boosted
inhibitors of protease® inhibitors

cytochrome P450 may  Oral azole antifungals
increase blood levels  (can be used up to 2
of bedaquiline weeks):
Itraconazole
Fluconazole®
Macrolide antibiotics
other than
azithromycin®:
Clarithromycin
Erythromycin
Possible interactions:  Elvitegravir
medicines metabolized ~Cobicistat

by CYP3A4 may Emtricitabine’
increase bedaquiline Tenofovir alafenamide’
exposure

Increasing serotonin *  Serotonin re-
levels that may result  uptake inhibitors
in a serotonergic (SSRiIs): fluoxetine and
syndrome paroxetine
* Tricyclic
antidepressants:
amitriptyline and
nortriptyline
* Serotonin 5-HT1
receptor agonists
* Monoamine
oxidase inhibitors
(MAO): phenelzine and
isocarboxazid
* Other
serotoninergic agents:
meperidine and
bupropion or
buspirone and
quetiapine

Notes and instructions

a) Efavirenz (EFV) will result in low levels of bedaquiline in the blood. Therefore, it is advised to substitute nevirapine
(NVP) or an integrase inhibitor for EFV when used with bedaquiline.

b) For a more comprehensive list of drugs that affect and are affected by the cytochrome P450 system, see the Drug
interactions webpages of the Department of Medicine of Indiana University.

¢) Ritonavir-boosted protease inhibitors (Pls) will result in high levels of bedaquiline in the blood. It is suggested to
substitute the PI with an integrase inhibitor (INSTI), such as dolutegravir (DTG) or raltegravir (RAL). If a ritonavir-boosted
PI must be used, an ECG should be performed every 2 weeks for the first 8 weeks.

d) All four oral azoles inhibit CYP3A4;

itraconazole and posaconazole are more potent inhibitors than fluconazole or voriconazole.

e) Azithromycin does not inhibit CYP isoenzymes but does prolong the QT interval so this drug may be avoided for this
reason.

f) Concomitant use of bedaquiline with these drugs has not been well studied; however, their concomitant use for
more than 14 consecutive days should be avoided. Because bedaquiline is also metabolized by CYP3A4, these drugs
may increase bedaquiline exposure, which could potentially increase the risk of adverse reactions.

Every effort should be made to avoid the use of drugs that have drug-drug interactions or overlapping toxicity with
linezolid. However, there may be circumstances in which no other option is available, and the potential benefits
outweigh the risks of using linezolid. For example, a patient with fragile mental health with a high risk of suicide who
must have linezolid in the regimen (i.e. there are no other anti-TB drug options) could also require a serotoninergic
medication.
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