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Abstract

Purpose of Review—Despite broad uptake of antiretroviral therapy (ART), tuberculosis (TB)
incidence and mortality among people with HIV remain unacceptably high. Short-course regimens
for TB, incorporating both novel and established drugs, offer the potential to enhance adherence
and completion rates, thereby reducing the global TB burden. This review will outline short-course
regimens for TB among patients with HIV.

Recent Findings—After many years without new agents, there is now active testing of many
novel drugs to treat TB, both for latent infection and active disease. Though not all studies have
included patients with HIV, many have, and there are ongoing trials to address key implementation
challenges such as potent drug-drug interactions with ART.

Summary—The goal of short-course regimens for TB is to enhance treatment completion
without compromising efficacy. Particularly among patients with HIV, studying these shortened
regimens and integrating them into clinical care are of urgent importance. There are now multiple
short-course regimens for latent infection and active disease that are safe and effective among
patients with HIV.
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Introduction

Despite global access to and uptake of antiretroviral therapy (ART), the proportion

of patients with HIV infection and tuberculosis (TB) who die while on treatment is
approximately three times that among patients with TB but without HIV (11% versus 4%)
[1]. In 2018, 251,000 people with HIV infection died from TB, the leading infectious
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killer globally, accounting for one in every three HIV-related deaths [1¢]. Given the known
risk that these two conditions jointly pose, it is imperative to diagnose TB and HIV early

in the course and maximize the likelihood of successful completion of TB treatment, be
that for latent TB infection (LTBI), drug-susceptible (DS), or drug-resistant (DR) disease.
Though some data suggest that adherence to TB treatment is slightly higher among patients
with HIV [2], the lengthy duration of therapy remains a major barrier to completion and
cure. Additionally, patients with both TB and HIV have additional challenges of potent drug-
drug interactions, overlapping toxicities, and risk of immune reconstitution inflammatory
syndrome (IRIS) in the weeks to months after treatment begins. After a long drought, the
pipeline for new TB drugs is now flowing [3]. There is unprecedented movement towards
integrating new drugs into the TB treatment continuum and refining older regimens in order
to shorten the overall duration of therapy. New, shorter regimens for prevention of TB offer
great promise. Though not all such efforts have explicitly included patients with HIV, we
will outline those that have, and any resulting knowledge gaps.

Latent Tuberculosis Infection

Twenty-three percent of the world’s population is infected with TB, and 10% of the infected
people, on average, will develop active TB in their lifetime [4]. Among patients with

HIV, the lifetime risk of progressing from LTBI to active TB disease is between 5 and

10% [5]. TB is both treatable and preventable, but the global uptake of TB preventive
therapy (TPT) remains low [6e¢]. The first trial of treatment for LTBI was conducted using
isoniazid preventative therapy (IPT) in the 1950s-1960s and showed a 70% decrease in TB
incidence [7]. Since then, multiple studies have confirmed the efficacy of TPT, including

in people infected with HIV [8]. More recently, a large trial of early antiretroviral therapy
and isoniazid preventive therapy (IPT) in Africa among 2056 patients with HIV found that
TB was the most common endpoint; not only was risk of TB reduced but risk of death

was also 37% lower among those who received IPT compared with those who did not
(adjusted hazard ratio 0.65, 95% CI 0.48 to 0.88) [9, 10]. In TB endemic countries, the
WHO recommends that all patients with HIV be treated for LTBI, regardless of whether they
have a positive tuberculin skin test (TST) or interferon-gamma release assay (IGRA) [11].
HHS/CDC recommends LTBI testing and only initiating treatment after negative results if
there is known contact with an infectious case [12]. Despite its well-documented benefit,
multiple prior studies have shown that uptake [13] and treatment completion rates for LTBI
in the general population are poor, ranging from 46 to 76% [14-17]. Rates are generally
higher when patients have both TB and HIV, rather than TB alone, however still fall well
short of recommended targets [18]. The length is known to impact likelihood of completion;
in trials of shorter duration regimens, such as 2 months of RIF/PZA, treatment completion
rates improved substantially (80% vs 69%, p < 0.001) [19]. Currently, recommended TB
preventive therapy regimens are reviewed below and in Table 1.

Six or Nine Months of Isoniazid (6H-9H)

The IUAT trial demonstrated that 6 months of isoniazid preventative therapy (IPT) was
superior to 3 and that 12 months was most effective in preventing TB disease over 5 years
follow-up [37]. Six to nine months duration are generally recommended, with the 9-month
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duration preferred by the US guideline panels [18, 38] and 6 months by the WHO [11].

A network meta-analysis found no difference in efficacy between 6 and 9 months [39].
IPT has also been shown to be effective in HIV positive participants as well and works
synergistically with ART to reduce future risk of TB disease [9, 40]. Implementation of
IPT for patients with HIV has been partially successful [41], but uptake by clinicians and
patients alike has stalled due to real or perceived challenges with adherence to the lengthy
course, concerns about the potential for development of drug-resistant TB and adverse
effects, and competing demands with rollout of ART [42].

Given mounting evidence that the peripartum period is one of heightened vulnerability to
reactivation of latent TB and progression to TB disease, the IMPAACT network conducted
a phase 1V trial comparing immediate (during pregnancy) versus delayed (postpartum)
isoniazid preventative therapy among women with HIV and found equivalent protection
against TB disease but increased adverse events in the immediate (during pregnhancy) group
including liver enzyme elevation among those on efavirenz-based antiretroviral treatment
(ART) [43].

Four or Six Months of Rifampicin (4R, 6R)

Though many guidance groups list 4 months of rifampicin as a first-line regimen for TPT,
there are no trials to date specifically studying the efficacy or safety of 4 months of
rifampicin for the treatment of LTBI among individuals with HIV [44]. A recent study
compared completion rates, safety, and effectiveness of 4 months rifampicin versus 9
months isoniazid but included only 242 (4%) participants with HIV. It found that 4R was
non-inferior to 9H for the prevention of tuberculosis disease and that safety and completion
rates were superior for 4R [28]. When rifampicin is used for LTBI (or active TB) treatment
among patients with HIV, care must be taken because of the common drug-drug interactions
between ART and rifampicin [45, 46] (Table 2). Helpful resources for clinicians can

be found at https://aidsinfo.nih.gov/guidelines/html/l/adult-and-adolescent-arv/ and https://
www.hiv-druginteractions.org/.

2 Months Rifampicin with Pyrazinamide (RIF-PZA)

In what has now become a classical example of the potential for differential tolerance

of TB drugs in people with and without HIV infection, a 2-month regimen of RIF-PZA
initially appeared quite promising in a study of HIV positive patients. In this group, it was
demonstrated to have comparable safety and efficacy to 12 months of isoniazid and could be
dosed either daily or twice weekly [19, 20, 64]. However, subsequent study of this regimen
given to HIV negative patients resulted in significant increase in hepatotoxicity, compared
with 6 months of INH [65, 66]; therefore, this regimen is now little used.

Three Months of Isoniazid with Rifapentine (3HP)

Based on the superior potency of rifapentine compared with rifampicin in murine TB
models, as well as the advantageous pharmacokinetics of rifapentine including longer
half-life, an earlier trial investigated a regimen of 3 months of weekly isoniazid plus
rifapentine for the treatment of LTBI given by directly observed therapy. Very few patients
with HIV were included (2.7% in control and 2.6% in intervention arms, respectively).
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This was largely because of concern about drug-drug interactions and lack of suitable

ART to use with rifamycins at the time the study was conducted. Results showed equal
effectiveness, enhanced treatment completion, reduced hepatotoxicity, but more frequent
drug discontinuation due to adverse events [25]. After an extension of this trial to recruit
more participants with HIV, similar results were observed, but 3HP was better tolerated
[26¢]. Subsequent studies of this regimen for patients with HIV compared with either 3RH,
6H, or continuous isoniazid showed a similar preventative efficacy [67]. A phase 1/2 trial
also evaluated co-administration of 3HP with dolutegravir-based ART and concluded that
these regimens could be given together without dose adjustment [55]. Preliminary results
from IMPAACT 2001 (NCT02651259), a phase I/11 trial to study 3HP in pregnancy in
which 40% of participants had HIV demonstrated that though rifapentine clearance was
30% higher among pregnant women with HIV on efavirenz, concentrations remained in the
therapeutic range, and, therefore, no dose adjustment of rifapentine would be required [68].
While 3HP appears effective and safe, its cost-effectiveness has remained contingent upon
steep price reduction [69].

One Month of Isoniazid with Rifapentine (1 HP)

Murine models of LTBI demonstrated comparable effectiveness between 1 month of
rifapentine plus isoniazid and either 3HP or 6H [70, 71]. The BRIEF-TB trial assessed

the ultra-short 1HP regimen among patients with HIV, compared with 9H, and found

a comparable efficacy and higher treatment completion rates for 1HP. Between 50 and
90% of trial participants were on ART during the study, mostly with efavirenz-based
regimens (43%) [27+]. A drug-drug interaction study with dolutegravir and 1HP is ongoing
(NCT04272242). An additional trial, TBTC Study 37/ASTERoid, is recruiting to study the
non-inferiority of 6 weeks of daily rifapentine compared with 3—4 months of rifampicin
(NCT03474029). The NIH-funded IMPAACT network is also planning studies of the safety
and pharmacokinetics of 1HP in pregnant women and in children using a child-friendly
dispersible formulation.

Though the recent publications on 3HP and 1HP have been encouraging that a short
duration LTBI regimen is safe and effective in people with HIV, there remains some concern
about the durability of prevention. Particularly in TB endemic countries, re-exposure after
successful treatment remains a risk. The recently completed WHIP3TB trial compared
periodic 3HP (p3HP) administration for 2 years to 3HP and 6H among people with HIV
and found that treatment completion was higher for both p3HP and 3HP and there was no
additional prevention benefit of p3HP over 3HP [29].

TPT in Drug-Resistant TB

Recent modeling has estimated that three in every 1000 people globally are infected with
latent drug-resistant tuberculosis (DR-TB) infection and the prevalence is approximately ten
times higher in those younger than 15 years [72]. The optimal preventive therapy regimen
for people exposed to DR-TB is not known, and evidence-based guidelines are urgently
needed. Based on low-grade evidence, for patients with HIV known to have close contact
with a case of drug-resistant TB, a fluoro-quinolone is recommended for 6-12 months [73].
There are multiple studies how ongoing to better understand the effectiveness of various
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agents including levofloxacin for 3 months in children (TB-CHAMP) (ISRCTN92634082),
levofloxacin for 6 months (VQUIN MDR) (ACTRN12616000215426), and delamanid for 6
months (PHOENIx MDR-TB) (NCT03568383).

Treatment of Drug-Susceptible Pulmonary TB

As Jindani et al. wrote in their seminal 1980 paper describing the first early bactericidal
(EBA) study, “the most important innovation in the chemotherapy of tuberculosis during
the past decade has been the development of regimens of short-course chemotherapy.” [74]
At the time of this writing, they were referring to treatment shortening from 1 to 2 years
down to only 6-9 months. This did indeed represent a monumental shift in TB treatment,
and yet, since that short course was first described by Fox and Mitchison in 1975 [75], we
have not progressed much further in the duration of treatment for drug-susceptible (DS)
TB. Currently, the recommended standard combination therapy for DS TB is rifampicin,
isoniazid, pyrazinamide, and ethambutol (RHZE) given for 2 months followed by rifampicin
plus isoniazid (RH) given for an additional 4 months [76, 77]. Several trials attempting to
shorten TB treatment with both conventional and new TB drugs are reviewed below.

Three trials evaluated shorter courses of TB treatment with 4-month regimens containing
various fluoroquinolones, and all three failed to meet non-inferiority for the shortened
duration arms. The RIFAQUIN trial compared one 4-month and one 6-month regimen
with the standard 6-month RHZE. The two intervention arms consisted of moxifloxacin,
rifampicin, pyrazinamide, and ethambutol for 2 months, followed by either 2 months of
moxifloxacin plus rifapentine twice weekly or 4 months of moxifloxacin plus rifapentine
once weekly. The results showed that the 6-month experimental arm was comparable with
RHZE, but the 4-month regimen failed to meet non-inferiority. The trial enrolled 28%
participants with HIV, and there was no mention of differing subgroup treatment effects
[31]. Similarly, OFLOTUB compared 6 months RHZE with 4 months of RHZ-gatifloxacin
and failed to demonstrate non-inferiority of the new, shorter regimen. The trial enrolled
18% participants with HIV, and treatment effects were similar in this subgroup [32].
REMoxTB compared 6 months RHZE with 4 months of either RHZ-moxifloxacin or RZE-
moxifloxacin. Both moxifloxacin-containing arms resulted in faster bacterial decline but
did not meet non-inferiority margin compared with standard of care. The trial enrolled few
patients with HIV (7% in each arm), and there was no evidence of differences in outcomes
or toxicity based on HIV diagnosis in these small subsets [33].

The Indian National Institute for Research in TB (NIRT) group studied 4 months of thrice
weekly dosing of RHZE versus RHZ-gatifloxacin or RHZ-moxifloxacin, but the study was
terminated early due to higher recurrence rates in the 4-month groups and only included
HIV negative participants [78]. NIRT recently published data from a trial comparing 3
versus 4 months of daily dosing of RHZE-moxifloxacin versus 6 months RHZE. The 3-
month regimen was stopped early due to recurrence rates. With the addition of moxifloxacin
to standard RHZE, the 4-month regimen was observed to be equally safe and effective as 6
months of RHZE [79].

The TB Trials Consortium (TBTC) of the US CDC conducted a phase 2 trial of TB
treatment shortening, Study 28. Participants with DS TB were randomized to receive
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either moxifloxacin 400 mg or isoniazid plus rifampicin, pyrazinamide, and ethambutol

for 8 weeks, followed by standard of care. Culture conversion at 8 weeks was similar
between the arms [30]. A subsequent phase 3 study, TBTC Study 31/ACTG A5349, is
comparing 6 months RHZE to one of two 4-month regimens: either 2 months of isoniazid,
pyrazinamide, ethambutol, and high-dose rifapentine followed by 2 months of isoniazid and
rifapentine or ethambutol switched for moxifloxacin. This trial was open to participants
with HIV infection, but pharmacokinetic analyses of high-dose rifapentine with efavirenz
were required first, liming the number of participants enrolled [80]. This will likely be the
definitive trial of the potential for TB treatment shortening using conventional TB drugs, and
results are anticipated in October 2020.

The SHINE trial will be conducted among pediatric patients with TB and will compare 2
months of RHZE followed by either 2 or 4 months of RH. Per published study protocol,

it will recruit children with TB, regardless of HIV status [81]. None of the TB treatment

shortening trials completed or in progress has included pregnant women.

From the TB Alliance, NC-005 was a phase 2B trial investigating novel agents (bedaquiline
and pretomanid) in combination with pyrazinamide for the treatment of drug-susceptible
TB. The trial enrolled 180 patients with DS TB, 28 (15.6%) of whom also had HIV.
Though patients received study drug for 8 weeks and then were discharged to community
treatment programs to receive standard of care, the two arms that received BPaZ did show
enhanced bactericidal activity [34]. These promising results are being further evaluated

by TB Alliance in the SimpliciTB trial, a phase 2 and 3 design comparing a regimen

of bedaquiline, pretomanid, moxifloxacin, and pyrazinamide to RHZE in people with drug-
sensitive as well as those with drug-resistant pulmonary TB. This represents an ambitious
attempt to develop a universal TB treatment regimen.

Treatment of Drug-Resistant Pulmonary TB

For many years, treatment of multidrug-resistant TB (resistant to both isoniazid and
rifampicin) took 18 months to more than 2 years to complete, with some patients often
having to take as many as seven medications, including a daily injection. Challenging for
both patients and providers, these regimens had common adverse events with almost half the
affected patients having moderate to severe side effects [35]. There were even less attractive
prospects for those with extensively drug-resistant TB (XDR TB, defined as resistant to
isoniazid, rifampicin, any fluoroquinolone, and at least one injectable drug). Treatment
success was only achieved in 14% of patients, on average [82-84]. With much room for
improvement, treatment of drug-resistant TB has received more attention in the last few
years, and significant progress has been made.

In 2010, Van Deun et al. published the encouraging findings of the 6th short-course
drug combination for the treatment of MDR TB that had been trialed in Bangladesh,
the so-called Bangladesh regimen. [85¢] This treatment was given for a minimum of 9
months and consisted of gatifloxacin, clofazimine, ethambutol, and pyrazinamide, plus
also prothionamide, kanamycin, and high-dose isoniazid during the intensive phase. Of
note, this trial had only one patient with HIV [85¢]. Given that these data were collected
in an observational manner, as well as the fact that the trial offered no conclusions
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for patients with HIV, the STREAM trial was proposed. The STREAM was a phase

3 non-inferiority trial of either a short-course regimen (9-11 months of moxifloxacin,
clofazimine, ethambutol, pyrazinamide plus kanamycin, isoniazid, and prothionamide added
for the first 16 weeks) or long regimen (20 months per WHO guidelines). The short-course
regimen efficacy was found to be non-inferior to long course, though there were more
reports of QTc prolongation, death, and acquired drug resistance to fluoroquinolones and
aminoglycosides. Unlike the Bangladesh regimen cohort, there were more patients with HIV
included (32.6%). Interestingly, in this subgroup of participants with HIV, mortality was
numerically greater in the short-course arm (17.5%) than the long-course arm (8.0%), but
this did not reach statistical significance (HR 2.23, 95% CI 0.76-6.60) [35]. The WHO now
recommends that short-course therapy be considered for select patients with DR-TB [86],
though ATS/CDC neither recommends for or against the shorter-course regimen [73].

Based on the results from the Nix TB trial, the FDA in 2019 approved the combination of
bedaquiline, pretomanid, and linezolid as a 6-month treatment for extensively drug-resistant
(XDR) or treatment intolerant MDR TB. The BPaL regimen used in this study demonstrated
impressive efficacy when administered for a fraction of the time as a standard treatment. In
Nix TB, there were 56 (51%) patients with HIV, and there were no observed differences in a
subgroup analysis of these patients examining efficacy and adverse event rates [36¢]. Given
the theoretical risk that patients with HIVV may be predisposed to peripheral neuropathy, it is
recommended that these patients receive pyridoxine when prescribed linezolid. Bedaquiline
has been shown to be safe and effective among patients with HIV including in the Nix TB
trial as well as in other case series [87, 88]. There are limited data on pretomanid use among
patients with HIV, though published series and trial data so far suggest no heightened risk
of adverse events among those with HIV. There are, however, some potentially complicated
drug-drug interactions with efavirenz [63].

Delamanid is currently listed as a Group C drug (to complete the regimen) by the

WHO treatment guidelines for drug-resistant TB [86], though a recent trial of delamanid

as an add-on to optimized background regimen failed to improve outcomes [89]. The

use of delamanid in patients with HIV has not been well-studied, but one theoretical

concern is hypoalbuminemia, which is common among patients with HIV, since albumin

is required for excretion of delamanid’s toxic metabolite, DM-6705. Hypoalbuminemia is a
contraindication to receipt of delamanid, which may limit its use for some patients with HIV
[90]. Though there are still limited data to guide these practices, the global shift towards
dolutegravir as first-line ART will likely be more permissive to co-administration with some
of the newer TB drugs, such as bedaquiline, delamanid, and pretomanid [90].

Conclusions and Future Directions

So, for short-course regimens in TB and HIV, are we there yet? The short answer is no, but
despite the fact that TB is often neglected and chronically underfunded from the research
perspective, great progress in understanding and implementing new regimens has been made
over the last 5 years. Inclusion of patients with HIV infection has been fairly robust in most
major trials, although the drug-drug interactions with ART and rifamycins often complicate
dosing. Short courses of TB preventive therapy have proved effective and safe in patients
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with HIV infection, with much higher treatment completion rates than prior regimens [25,
27]. The ultra-short 1HP regimen had the highest completion rates recorded to date and is
now endorsed by the WHO [91]. Treatment shortening for drug-susceptible TB disease has
not been achieved, but several large studies are ongoing to realize this goal. The results of
TBTC Study 28 are eagerly awaited to answer the question as to whether treatment can be
shortened using conventional TB drugs. If this study fails, using newer drugs will be the
only way forward, and several trials to investigate various combinations are ongoing or in
development.

Treatment for drug-resistant TB has been shortened significantly, and most patients can
now be treated with all oral regimens as opposed to inconvenient and often toxic daily
intramuscular injections. The most dramatic progress has been made in treatment for XDR
TB where chronically ill patients have been cured of this previously fatal form of TB.

In parallel with testing novel drugs and combinations, modem trial designs are being
increasingly employed to accelerate the development pathway for both TPT and treatment.
Such trials invariably take years to complete, and newer methods such as the Bayesian
adaptive randomization trial design [92] and the Phase 11C Selection Trial with Extended
Post-treatment follow-up (STEP) [93] offer greater efficacy and higher likelihood of success
than traditional designs.

Going forward, research priorities for the field include development of a safe and effective
TB vaccine. Several candidates are in clinical trials, but no clear winner has emerged thus far
[94]. Failing the discovery of an effective and affordable vaccine, TPT is effective but uptake
must be increased enormously [13]. Part of the problem with TB prevention is the number
needed to treat to prevent a case of TB [95], so a biomarker to target those at highest risk
would be a major step forward [96, 97]. Community advocacy has helped to lower the price
of rifapentine, so these short-course regimens should be widely adopted in HIV treatment
programs. Knowledge gaps remain about the best preventive for contacts of drug-resistant
TB and TPT in children and in pregnant women.

Long-acting drug formulations have proved successful in diverse areas of medicine,
including HIV disease [98, 99]. Application of this technology to TB could have a
substantial impact. For example, monthly injections could improve patient adherence
and treatment outcomes, especially for TPT, with new, shorter-course regimens available
[100]. The physicochemical properties of some TB drugs make them unsuitable for long-
acting formulation, but promising candidates have been identified through modeling and
simulation, and other formulations are in preclinical testing [101, 102].

For TB treatment, the holy grail is a universal short course of chemotherapy that would
treat both drug-susceptible and drug-resistant TB, as drug susceptibility testing is still not
widely enough available. At the same time, such a regimen should be compatible with ART,
and robust pharmacology DDI analyses should be conducted in tandem with efficacy trials.
Though TB remains a challenge globally, particularly for people with HIV, we are poised,
armed with new drugs, and more rapidly emerging clinical data. Given the political will and
necessary economic investment, tremendous leaps in TB control are possible.
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