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Abstract: Tuberculosis remains the world’s second leading infectious cause of death, with
nearly one-third of the global population latently infected. Treatment of latent tuberculosis
infection is a mainstay of tuberculosis-control efforts in low-to medium-incidence countries.
Isoniazid monotherapy has been the standard of care for decades, but its utility is impaired by
poor completion rates. However, new, shorter-course regimens using rifamycins improve comple-
tion rates and are cost-saving compared with standard isoniazid monotherapy. We review the
currently available therapies for latent tuberculosis infection and their toxicities and include a
brief economic comparison of the different regimens.
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Introduction

Tuberculosis (TB) is a global health problem and the second most common infectious
cause of death worldwide,' with approximately 8.5-9.2 million incident cases of
active tuberculosis in 2010 and 1.2—-1.5 million deaths. Furthermore, up to one-third
of the world population is chronically infected with Mycobacterium tuberculosis. In
this latent tuberculosis infection (LTBI), an individual is infected with the bacteria
but does not have symptoms and is unable to spread the bacteria. Instead, the bacilli
persist in an inactive state, remaining viable for years or decades. In the vast majority
of cases (approximately 90%), the bacteria remain dormant for the remainder of
the individual’s life, but about 10% of infected individuals go on to develop active,
contagious tuberculosis. The majority of tuberculosis disease in the United States
and other low-prevalence nations is from reactivation of old LTBI rather than recent
person-to-person transmission.>?

The goal of LTBI treatment is to eradicate all M. tuberculosis bacilli from the host
in order to prevent reactivation, disease, and subsequent transmission. Unfortunately,
organisms in latent infection appear to have low metabolic activity, during which
antituberculous medications appear to have little efficacy. Therefore, to be effective,
treatment of LTBI must be given for extended periods of time.

This requirement for lengthy therapy, as well as the asymptomatic nature of this
disease, has a negative impact on treatment completion. For example, in one public
health clinic, it was shown that only 26% of persons identified with LTBI chose to
initiate treatment, and only 53% of that group completed their prescribed regimen.*
Clearly, the overall effectiveness of a regimen is severely hindered when completion
rates are so low.
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To help improve completion rates, efforts have been made to
find more potent drugs with shorter treatment regimens. Isoniazid
therapy for 9 months has been the mainstay of treatment since
1965 and has remained the standard of care for LTBI treatment
until the last decade. Rifampin for 4 months was added to the
United States LTBI guidelines in 2004 as an alternative; however,
US guidelines still do not consider it a preferred regimen due
to the lack of large efficacy trials. However, the results of a
major study published in December 2011° may have improved
the LTBI efforts by demonstrating the efficacy of a 3-month
regimen of weekly rifapentine plus isoniazid. This article will
discuss the current management options of LTBI, including the
newly added treatment regimen (Table 1).

General principles

Even after 100 years, diagnosis of LTBI is still most
commonly made by a positive tuberculin skin test (TST).¢
Proper placement is important, following which the patient
must return to have the test read within 48—72 hours. When
interpreting the test, induration (not erythema) should

be measured longitudinally across the forearm, with the
measurement recorded in millimeters (including a recording
of “0 mm” for no induration).

In order to limit treatment to those at highest risk of devel-
oping active TB, TST is determined to be “positive” or “nega-
tive” based on a patient’s risk of exposure in combination with
any underlying medical conditions which increase the risk of
developing active TB (Table 2). Low-risk patients (for whom
testing is not recommended) are considered positive at 15 mm.
Patients with moderate risk (eg, hemodialysis-dependent
renal failure, diabetes mellitus, recent immigration from an
endemic country) are positive at 10 mm. High-risk patients,
such as those with human immunodeficiency virus (HIV)
infection, are positive at 5 mm. The highest-risk patients (eg,
immunosuppressed, contacts to active TB) should be offered
treatment regardless of skin-test positivity.

There are several problems with the TST. First, the test is
highly operator-dependent, both in placement and in reading;
even among highly trained readers, both inter- and intraob-
server variability are quite high.”

Table | Regimens and doses for treatment of latent tuberculosis infection — guidelines from the Centers for Disease Control and

Prevention®”7>

Regimen Dose Frequency/duration Comments

Isoniazid

Adults 5 mglkg Daily x 9 months Preferred regimen
(max 300 mg)

Children 10-20 mg/kg
(max 300 mg)

Adults 15 mg/kg Twice weekly x 9 months Directly observed only
(max 900 mg)

Children 20 mg/kg
(max 900 mg)

Adults 5 mg/kg Daily x 6 months Not appropriate for HIV-infected
(max 300 mg) individuals or children
15 mg/kg Twice weekly X 6 months
(max 900 mg)

Rifampin

Adults 10 mg/kg Daily X 4 months
(max 600 mg)

Children 10-20 mg/kg Daily x 6 months

(max 600 mg)
Rifapentinel/isoniazid
Adults Isoniazid
15 mg/kg
(max 900 mg) plus
Rifapentine
10.0-14.0 kg: 300 mg
14.1-25.0 kg: 450 mg
25.1-32.0 kg: 600 mg
32.1-49.9 kg: 750 mg
>50 kg: 900 mg

Once weekly X 3 months (12 doses)

Directly observed only

Abbreviation: HIV, human immunodeficiency virus.

submit your manuscript

164

Dove

Infection and Drug Resistance 2012:5


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Latent tuberculosis infection

Table 2 Criteria for determining tuberculin skin test positivity”

Presumptive treatment =5 mm induration

=10 mm induration =15 mm induration

HIV-positive or immunosuppressed HIV-positive persons

patients with recent contact Recent contact with active
with active TB case patients
Children under the age

of 5 years with recent contact

with active TB case patients®

TB case patients

Fibrotic changes on chest
radiograph consistent

with prior TB

Patients with organ transplants
and other immunosuppressed
patients (receiving the

equivalent of 15 mg/d of
prednisone for | month or more)

Persons with the following clinical Persons with no
known risk factors

for TB

conditions: silicosis; diabetes mellitus;
chronic renal failure; leukemia;
lymphoma; carcinoma of the head

or neck; lung cancer; weight loss of
10% of ideal body weight; gastrectomy;
and jejunoileal bypass

Children younger than 4 years of age
Infants, children, and adolescents
exposed to high-risk adults

Recent immigrants (ie, within the

last 5 years) from high-prevalence
countries

Residents and employees

of the following high-risk congregate
settings: prisons and jails; nursing
homes and other long-term facilities
for the elderly; hospitals and other
health care facilities; residential facilities
for patients with AIDS; and

homeless shelters

Mycobacteriology laboratory personnel

Notes: *Children under the age of 5 years who have had contact with an active TB case patient should receive a tuberculin skin test (TST) and a chest radiograph; if there
is no evidence of active TB, they should receive window prophylaxis until the result of their second TST is known 8-12 weeks later. If both tests are negative, window

prophylaxis can be stopped; otherwise, a full course of LTBI treatment should be given.

Abbreviations: HIV, human immunodeficiency virus; TB, tuberculosis; LTBI, latent tuberculosis infection; AIDS, acquired immunodeficiency syndrome.

Perhaps more importantly, the TST demonstrates a high
false-positive rate in patients previously immunized with
the Bacille Calmette-Guerin (BCG) vaccine.” US guidelines
recommend disregarding BCG immunization status when
interpreting the TST,® as most individuals who have received
this vaccine have a high pretest probability of TB exposure.

To counter some of the problems with the TST, a new
group of tests, the interferon-gamma release assays (IGRAs),
have been developed. There are currently two commercially
available tests: the QuantiFERON®-TB Gold In-Tube
(Cellestis Limited, Chadstone, Australia) and the T-SPOT®.
TB (Oxford Immunotec, Limited, Abingdon, UK). Both are
whole-blood assays that measure interferon-gamma levels
after in vitro exposure to TB-specific antigens. They have
been shown to predict TB at least as well® or better®!° than
the TST, with much greater specificity in patients previously
immunized with BCG.!" The Centers for Disease Control
and Prevention (CDC) has included IGRAs as an option for
testing individuals for LTBI in US guidelines.'?

Before initiating treatment for LTBI, active TB must first
be excluded, as single-agent therapy for active disease will
quickly select for resistant mutants. Patients should be care-
fully screened for symptoms of TB (cough for 2 weeks or
more, fever, night sweats, weight loss), and a chest radiograph

should be performed. In patients from endemic countries,
examination of the cervical lymph nodes is not unwarranted,
as extrapulmonary TB is more common in these individuals.'?
Particular attention should be paid to patients with HIV infec-
tion, as active TB can be difficult to diagnose in this setting.'*

If active TB is suspected, the patient should be fur-
ther evaluated prior to initiation of LTBI treatment. At a
minimum, the patient should have three daily sputum speci-
mens cultured for mycobacteria (in addition to site-specific
testing for extrapulmonary TB, if indicated).

Isoniazid
Isoniazid was first introduced as a therapy against
M. tuberculosis in the 1950s and was first recommended
in US guidelines for LTBI treatment in 1965. It works by
inhibition of mycolic acid synthesis, resulting in disruption
of the bacterial cell wall.!>'® It is rapidly and almost com-
pletely absorbed through the gastrointestinal tract, with peak
levels 1-2 hours after ingestion,'” and distributes to all body
tissue, including the cerebrospinal fluid, with concentrations
similar to serum.'®

The first study of isoniazid for treatment of LTBI was
the Bethel Alaska Isoniazid study'** (conducted from 1957—
1959), in which households in 30 communities at high risk
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for tuberculosis were randomly assigned to placebo or daily
isoniazid for 12 months. The subjects receiving isoniazid
had a 60% reduction in development of active TB compared
with those receiving placebo. Later, a study conducted by the
International Union Against Tuberculosis (IUAT) set out to
determine what treatment duration was ideal among 27,000
persons with fibrotic pulmonary lesions consistent with
old, healed tuberculosis.?! This study found a reduction in
TB incidence of 21% in the group taking 3 months of daily
isoniazid, 65% in the group taking 6 months, and 75% in the
group taking 12 months; there was no significant difference
in results between the groups undergoing treatment for
6 and 12 months. However, when exclusively analyzing
participants that took at least 80% of the prescribed regimen,
the difference in efficacy was substantial, with a 69% risk
reduction in the 6-month arm versus 93% risk reduction in
the 12-month arm.

In order to reconcile these treatment durations,
Comstock et al*? reexamined the data from the Bethel
Alaska Study, in which the treatment period was ultimately
extended for a total of 2 years. A retrospective analysis of
case rates among individuals who self-discontinued therapy
at varying points in the study showed a significant increase
in efficacy among individuals who completed 9 months
versus those who only completed 6 months, but those who
completed 12 months had a similar case rate to those who
only completed 9 months.

As a result, the 9-month duration became the accepted
standard of care in the US, and CDC guidelines now
recommend isoniazid 5 mg/kg (max 300 mg) for 9 months
in adults or 10-20 mg/kg (max 300 mg) for 9 months in
children.® Alternatively, if directly observed therapy is used,
adult patients may take 15 mg/kg twice weekly (max 900 mg)
and children may take 20 mg/kg (max 900 mg) twice weekly.
The 6-month duration is considered an acceptable alternative
for healthy adults with no immunosuppressive conditions
(such as HIV infection), see Table 1.

Isoniazid therapy for HIV-positive persons
Given the syndemics of HIV infection and tuberculosis,
especially within the developing world, there has been much
interest in demonstrating the efficacy of LTBI treatments
among HIV-positive individuals. Many of these studies were
conducted in resource-poor nations where the intersection
of these epidemics has caused great mortality. Because
of increased anergy and lack of T-cell-mediated response
to tuberculin skin tests, studies attempted to determine if
treatment of latent TB in all HIV-positive patients in areas of

endemicity, rather than in TST-positive patients only, could
be beneficial. The first meta-analysis was released in 1999
and evaluated seven trials.?® The first trial was conducted
in Haiti from 1986-1992 and used a regimen of 12 months
of isoniazid; this study showed an 83% reduction among
tuberculin positive HIV-infected persons. All other studies
in this meta-analysis used 6-month isoniazid therapy versus
placebo or no treatment. After pooling data from 4529
subjects, it was found that isoniazid reduced the incidence
of active TB by 60% for persons with a positive TST, but
this efficacy was not seen in patients without a positive
skin test, who had a nonsignificant reduction in active
TB of 16%. A 2010 Cochran review?** concluded similar
results. In HIV-positive patients with positive tuberculin
skin tests, isoniazid therapy reduced the cases of active TB
by 62% as compared with placebo, vs an 11% reduction for
TST-negative subjects. Finally, a recent study in Botswana
also showed significant benefit of isoniazid therapy only in
patients with a positive TST.»

Despite these findings, HIV-positive individuals in low-
to medium-incidence countries with direct contact to a case
of active tuberculosis are still considered high risk even in
the absence of a positive TST. Therefore, the CDC guide-
lines recommend treating these individuals presumptively;
the recommended course of therapy for HIV-positive per-
sons is a 9-month course of isoniazid (with no option for a
6-month course).

Isoniazid toxicity

The most common toxicity from isoniazid therapy is
hepatitis. In the first decade of isoniazid use for active
TB and LTBI, this toxicity was not fully recognized.?
During this period, there were very few cases of hepa-
titis reported, most of which were thought to have been
caused by concomitant drug administration, such as para-
aminosalicylic acid or streptomycin;?’2* isoniazid itself
was believed to be a rare cause of hepatitis. Subsequently,
data from the New York Hospital in 1969 reported that
isoniazid alone could cause significant elevations in
serum transaminases,?” and since that time, multiple stud-
ies have shown a true risk of hepatitis and fatality with
isoniazid treatment.**!

One of the largest surveillance studies of isoniazid toxicity
was conducted in the United States from 1971-1972 among
13,838 patients.?? These data showed a risk of isoniazid
hepatitis of approximately 1%, associated with increasing age
and daily alcohol consumption. Importantly, there were eight
deaths attributed to isoniazid hepatitis, all above 35 years old.
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The IUAT study, which evaluated various durations of isoniazid
preventative therapy for tuberculosis among 20,840 subjects,
found hepatitis in only 0.5% of subjects, with three cases
resulting in death, and an association with increased age.*
The US guidelines were then revised to recommend that low-
risk individuals with reactive tuberculin skin tests who were
greater than 35 years of age not be treated. The guidelines were
further revised in 1983 to recommend baseline and periodic
liver function tests for individuals thought to be at higher risk
for isoniazid-induced hepatitis, including those greater than
35 years of age and HIV-positive patients.

Since this time, multiple studies have shown that the
risk of hepatitis may not be as great as previously reported,
particularly with close patient monitoring. One large review
that included 202,497 patients, found only two deaths
(0.001%) among patients selected and monitored as per
the1983 guidelines.** Since, some studies have shown that
clinical monitoring alone is sufficient to reduce the risk of
isoniazid-induced hepatitis. A 7-year survey of 11,141 patients
receiving isoniazid therapy for latent tuberculosis who were
only monitored clinically found a hepatitis rate of only 0.15%,
associated with an increase in age, and there were no cases of
death.* Of note, only 20% of patients included in the study
were greater than 35 years old. Other studies have shown that
many health departments in the United States have solely
used clinical monitoring as a means for early detection of
isoniazid-induced hepatitis, with good success and continued
low rates of hepatitis and fatal disease.*

The risk of hepatitis does not appear to be much increased
in the HIV-positive population, though many studies have been
conducted with patients who were not taking concomitant
antiretroviral therapy. The most current guidelines by the
American Thoracic Society and CDC recommend baseline
transaminase testing in only a select group of patients believed
to be at higher risk for hepatitis, such as patients with HIV
disease, history of liver disease, or alcoholism; there are no
specific recommendations concerning age. However, all
patients should be monitored clinically at least once per month
for signs and symptoms of hepatitis.

Another potential side effect of isoniazid is peripheral
neuropathy, which occurs in 2% of patients due to its
interference in the metabolism of pyridoxine.?”* There
is limited data on its frequency and prevention, but it is
recommended that patients at greater susceptibility to
peripheral neuropathy, such as patients with alcoholism,
HIV disease, diabetes mellitus, or who are pregnant,
take pyridoxine supplements when receiving isoniazid
therapy.

Rifampin

Rifampin inhibits bacterial RNA synthesis by binding to
the beta subunit of DNA-dependent RNA polymerase,
blocking RNA transcription. It is fairly well absorbed
with peak serum concentrations at 2—4 hours and is
primarily metabolized through the liver with a half-life
elimination of 3—4 hours.!” It has been considered in
the treatment of LTBI because of its potent bactericidal
activity against M. tuberculosis. In an early mouse
model of latent TB, a 3-month course of rifampin
was significantly better than 6 months of isoniazid at
sterilizing mouse spleen.*

The only randomized clinical trial evaluating the
efficacy of rifampin in preventing tuberculosis reactivation
was conducted in Hong Kong in a group of patients with
silicosis residing in an area with high rates of tuberculosis.*’
The subjects were randomized to 6 months of isoniazid,
3 months of rifampin, 3 months of isoniazid plus rifampin,
or placebo. All regimens were statistically and clinically
superior to placebo, though no treatment group performed
better than another. Adverse events were similar in all
groups, with only one person (who received isoniazid
monotherapy) acquiring symptomatic hepatitis. Based
on these results, 3 months of rifampin was considered
equivalent to 6 months of isoniazid; because 9 months of
isoniazid is the standard of care, the recommended duration
for rifampin is 4 months (extended to 6 months in children),
see Table 1.6

Additional evidence on rifampin efficacy was provided
by a retrospective cohort study conducted in Boston
in 1984 among 204 homeless individuals exposed to
isoniazid-resistant tuberculosis.*! Recent skin converters
were assigned to isoniazid, rifampin, or isoniazid plus
rifampin based on provider preference; some subjects
refused therapy. Six of 71 (8.6%) individuals who received
no therapy, three of 38 (7.9%) in the isoniazid monotherapy
group, and none in the rifampin or rifampin plus isoniazid
groups (49 and 37 persons, respectively) developed active
tuberculosis.

Despite the paucity of data regarding rifampin, the lack
of randomized, controlled trials of rifampin efficacy may
not be terribly important. In contrast to the lack of efficacy
data, there have been multiple studies demonstrating
that rifampin has markedly better completion rates than
isoniazid.*** Because adherence strongly influences the
overall effectiveness of a regimen, it has been shown that
even if rifampin were less efficacious than isoniazid (by
up to 17%), it is still more effective and less expensive
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than isoniazid.* Therefore, at least on the public health scale,
rifampin may offer significant advantages to isoniazid in the
treatment of LTBI.

It is particularly important to exclude active tuberculosis
before initiating LTBI treatment with rifampin, as rifampin-
resistant TB requires lengthy and expensive treatment.*
Unlike isoniazid, in which no study has demonstrated
acquired resistance during LTBI treatment (when active TB
had been excluded beforehand), a single report has docu-
mented a patient on rifampin monotherapy developing active
TB with rifampin resistance.*’

Rifampin therapy for HIV-positive persons
Although there are no trials that specifically evaluate rifampin
monotherapy in an HIV-infected population, US guidelines
list rifampin as an acceptable alternative to isoniazid mono-
therapy in this population.

In a study of 1148 HIV-positive persons in South Africa,
patients with a positive tuberculin test were randomized to
rifampin plus isoniazid twice weekly for 3 months, weekly
rifapentine plus isoniazid for 3 months, isoniazid monotherapy
daily continuously for the duration of the study, or isoniazid
daily for 6 months; combination therapies were given by
directly observed therapy (DOT).*® All regimens conferred
a similar protection against reactivation of tuberculosis, but
more hepatotoxicity was seen in the continuous isoniazid
arm. It is important to note that none of these patients were
taking antiretroviral therapy.

Finally, a large Cochrane meta-analysis®* published in
2010 was performed on 12 controlled trials among 8578
subjects who received regimens that included isoniazid,
isoniazid plus rifampin, rifampin plus pyrazinamide, and
isoniazid/rifampin/pyrazinamide. All regimens reduced the
risk of reactivation of tuberculosis as compared with placebo.
There was a trend towards greater adverse events among the
combination arms.

These trials have demonstrated that rifampin appears to be
well tolerated and efficacious among HIV-positive persons,
at least in combination with isoniazid. However, rifampin
plus pyrazinamide has been shown to have unacceptably high
rates of severe hepatotoxicity and is no longer recommended
(see below).*

The primary limitation to using rifampin monotherapy
in patients with HIV infection is interactions with many
commonly used antiretrovirals, particularly protease
inhibitors.* If such drug interactions preclude the use of
rifampin, rifabutin (which has less potent effects on the
cytochrome P-450 system) can be substituted.®

Rifampin toxicity

Many randomized control trials have evaluated the safety
of rifampin for LTBI, and all have shown rifampin to be
as safe or safer’®**! than isoniazid. A meta-analysis
comparing 4 months of rifampin with 9 months of isoniazid
found that rates of hepatotoxicity were significantly less in
the rifampin group (0%—0.7%) compared with the isoniazid
group (1.4%-5.2%).%

Rifampin can also cause a hypersensitivity syndrome
characterized by flu-like symptoms and/or thrombocytopenia;
interstitial nephritis can also occur with rifampin.™*> These
symptoms are more common with intermittent dosing than
with daily dosing but should be considered in any patient on
rifampin who presents with fever, purpura, or bleeding.

As noted above, rifampin has profound effects on the
cytochrome P-450 system, so a thorough check of drug
interactions is always warranted when patients are started on
rifampin. In addition to antiretrovirals, common drugs with
significant interactions include warfarin, oral contraceptives,
and digoxin.

Rifampin plus pyrazinamide

Although the exact mechanism of action of pyrazinamide is
unknown, it is clear that the drug has activity against dormant/
semidormant M. tuberculosis bacilli.*® This feature gives it
potent sterilizing activity and, along with rifampin, provides
for the current “short-course” therapy for active TB.*

All efficacy trials for the prevention of active tuberculosis
with rifampin plus pyrazinamide have been conducted in HI'V-
positive patients. In the first study of this regimen, a 2-month
course of rifampin plus pyrazinamide proved comparable
to 12 months of isoniazid in preventing active TB, and side
effects were minimal.>” Guidelines were changed to include a
recommendation of 2 months of rifampin plus pyrazinamide
as an alternative to the standard isoniazid regimen.

Unfortunately, unforeseen cases of fatal hepatotoxicity
began to arise,’® and two deaths were reported.® A second
randomized control trial of 589 HIV-negative subjects
compared toxicities between persons taking 2 months of
rifampin plus pyrazinamide versus 6 months of isoniazid.®
There was more grade 3 and 4 hepatotoxicity in the
combination therapy group as compared with the group
taking isoniazid (7.7% versus 1%), and more patients
discontinued rifampin/pyrazinamide due to adverse events.

In light of these reports, the CDC conducted a
surveillance study of persons taking rifampin plus
pyrazinamide for LTBI treatment from October 2000
to June 2003.* There were 48 cases of reported severe
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hepatotoxicity (hospitalization or death), of which eleven
were fatal. Of 7737 patients who were reported to have
started rifampin plus pyrazinamide for treatment of LTBI
during the survey period, 146 patients discontinued the
regimen because of symptoms of hepatitis (rate: 18.9 per
1000 treatment initiations; 95% CI: 17.4-20.4), a toxicity
rate much greater than seen with isoniazid treatment. In
August 2003, the CDC guidelines were revised to state that
rifampin/pyrazinamide was not a recommended treatment
option for LTBI therapy due to unacceptably high rates of
hepatotoxicity and death.

Rifapentine plus isoniazid

Rifapentine is a long-acting rifamycin that has been studied
for use in tuberculosis treatment. Rifapentine has the potency
of rifampin, with a low minimum inhibitory concentration to
M. tuberculosis, but a half-life five times longer.®! In a mouse
model of LTBI, when compared to other rifamycins (rifampin
and rifabutin), rifapentine had both the highest peak serum
levels and the longest half-life (23.4 hours); 6 days after
delivery of the drug, the serum concentrations of rifapentine
were still above the minimum inhibitory concentration.®
Furthermore, the bactericidal activity of rifapentine in mice
after 6 weeks of treatment was the same as that after 12 weeks
of rifampin treatment at the same dose and rate. The robust
potency and long half-life obviously make this drug alluring
as a treatment for LTBI.

In another murine model of LTBI, weekly rifapentine
versus weekly rifapentine plus isoniazid were compared
to daily isoniazid.®® The results of this study showed that
18 doses of once-weekly rifapentine plus isoniazid were
comparable to 18 weeks of daily isoniazid in terms of organ
sterilization and organism-load reduction. Monotherapy with
weekly rifapentine, however, did not offer advantages even
over placebo. Other LTBI murine models confirmed these
findings.%4%

In 2006, the first human clinical trial using rifapentine
was published.®® Household contacts of active tuberculo-
sis were given weekly rifapentine plus isoniazid or daily
rifampin plus pyrazinamide. Unfortunately, the study was
halted early due to unacceptably high toxicity in the control
regimen (rifampin/pyrazinamide). Though the study was not
powered as intended, very few cases of active TB developed
in either arm of the study, and there were no difference in
outcome between either regimen. Side effects and tolerability
were better in the isoniazid/rifapentine arm of the study. A
second study from South Africa compared rifapentine plus
isoniazid with four other regimens in patients with HIV

infection and found it to be equally effective to standard
isoniazid monotherapy.*®

Most recently, the CDC published the results of a
large randomized, controlled trial (PREVENT-TB)® with
7731 participants, providing further evidence that rifapentine
plus isoniazid given weekly for 3 months was just as effective
as the standard daily isoniazid for 9 months in preventing
active tuberculosis in high-risk individuals. The subjects in
the combination arm received directly observed therapy,
while the subjects in the isoniazid monotherapy arm self-
administered their medication. All subjects were considered
high risk, including close contacts to persons with active
tuberculosis, recent skin test converters, and persons with
HIV infection; subjects were followed at least 2 years
after completing therapy. The cumulative proportion of
subjects that developed active TB was 0.19% (7/3986) in the
isoniazid/rifapentine arm compared with 0.43% (15/3745)
in the isoniazid monotherapy arm, meeting criteria for
noninferiority. More subjects in the 3-month combination
regimen completed their therapy versus 9 months of isoniazid
(82% vs 69%, P < 0.001). The percentage of patients with
any adverse event was lower in the combination-therapy
group, and more patients acquired treatment-related
hepatotoxicity in the isoniazid monotherapy group than the
rifapentine/isoniazid group (2.7% vs 0.4%, P < 0.001).

In response to this study, the CDC has now updated the
US guidelines for LTBI treatment to include a once-weekly,
rifapentine-plus-isoniazid regimen given for 3 months
(12 doses) in adults and children over 12 years old, though
it can be used in children as young as 2 years of age on a
case-by-case basis.®” However, the guidelines also specify
that this regimen should be given only with DOT. While
a shorter, less toxic regimen for LTBI has the potential to
considerably affect the active tuberculosis cases in countries
with low to moderate TB incidence, the requirement for
DOT will be a large financial hurdle to overcome for most
programs; however, for the highest-risk patients this cost
may be justified.®® Currently there is a trial being conducted
that evaluates the adherence and cost effectiveness of self-
administered weekly rifapentine plus isoniazid.

Rifapentine plus isoniazid in HIV-infected

persons

The PREVENT-TB study only included 2.6% HIV posi-
tive persons, approximately 100 HIV-infected subjects in
each arm of the trial, so data from this study on the safety
and efficacy of rifapentine plus isoniazid in HIV-positive
patients is limited.
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However, all subjects in the South African study were
HIV-positive.*® In that study, the efficacy of rifapentine plus
isoniazid was similar to isoniazid monotherapy with fewer
side effects, but of the three cases of multiple-drug resistant
TB (MDR-TB) (defined as resistance to both isoniazid and
rifampin) that developed during the study, two occurred in the
isoniazid/rifapentine group. That said, the overall incidence
of MDR-TB in that study was similar to the background rate
of MDR-TB in South Africa, suggesting that the therapy did
not select for resistant mutants. However, when using this
regimen in patients with HIV infection, it is particularly
important to exclude active TB before initiating therapy.

Like rifampin, rifapentine is a potent inhibitor of the
cytochrome P-450 system and therefore interacts with a
number of antiretroviral agents. All studies of rifapentine
in HIV-positive patients conducted to date have excluded
patients on antiretroviral therapy, so the CDC guidelines
for the use of rifapentine plus isoniazid include only HIV
patients not taking antiretrovirals.

Rifapentine plus isoniazid toxicity

In the PREVENT-TB study, isoniazid monotherapy was
associated with significantly greater hepatotoxicity than
the combination treatment (2.7% versus 0.4%). However,
rifapentine plus isoniazid was associated with significantly
greater hypersensitivity reactions (3.8% vs 0.5%). Of note,
the hypersensitivity syndrome associated with rifamycins
is not well-defined, so reporting in the study was somewhat
subjective. The incidence of this syndrome declined sub-
stantially over the course of this trial, and in other studies
hypersensitivity to rifapentine was not reported, suggesting
that there may have been a reporting bias. Nonetheless,
rifamycin hypersensitivity can be serious and should be
considered in any patient on rifapentine presenting with a
compatible syndrome.

As with all rifamycins, drug interactions are a consider-
able problem due to the induction of the cytochrome P450
enzyme system, so careful attention should be paid to any
concomitant medications.

Treatment of latent multiple-drug

resistant tuberculosis

Contacts to cases of MDR-TB warrant special attention as
the approach to these individuals is not clear. No regimen for
treatment of latent MDR-TB infection has been studied in
a randomized, controlled trial. CDC guidelines recommend
pyrazinamide in combination with either ethambutol or
a fluoroquinolone,® but the utility of these regimens has

been limited by high rates of intolerability and toxicity.® 7
A fluoroquinolone alone or in combination with ethambutol
may be a better option,* but clearly, any regimen should
take into consideration the susceptibility profile of the
source case.

Another option for otherwise low-risk individuals (ie,
those with no medical risk for activation, such as HIV infec-
tion) is close observation. This recommendation is based on
the fact that the vast majority of individuals infected with
TB will never develop active TB” and on the current lack of
any definitive treatment.

Conclusion

Treatment of LTBI is a mainstay of TB control efforts in
the US® and other developed economies. While treatment
is generally safe and effective, its overall utility is limited
by the requirement for long courses of treatment in patients
who are otherwise well. Fortunately, new shorter-course regi-
mens have the potential to significantly improve completion
rates. Isoniazid plus rifapentine holds promise, though the
expense of DOT may be a major hurdle for some programs.
Meanwhile, 4 months of rifampin has been shown to be
cost-saving (less expensive and more effective) compared
with both isoniazid and isoniazid/rifapentine and should be
considered in individuals where drug interactions are not
a concern. Studies of even shorter (1 month) regimens are
underway, as well as studies of self-administered rifapentine
plus isoniazid, either of which would further improve TB
control efforts.

One area that could have a major impact on LTBI
treatment strategies would be an improvement in diagnostics.
Neither the TST nor the interferon-gamma release assays
are good predictors of TB activation, which is the primary
outcome of interest. A test that would enable providers to
determine which patients are most likely to develop active
TB would allow programs to focus their efforts on only the
highest-risk individuals, preventing wasteful treatment of
low-risk individuals and avoiding unnecessary exposure of
healthy patients to potentially toxic drugs.

As TB incidence continues to decline in the US,™ it
will be increasingly difficult to identify patients at the most
risk for active TB. This effort has historically been led by
public health programs, but in the future, interventions by
private health care providers will be essential in testing
patients for LTBI and providing appropriate therapy.
Hopefully, new diagnostic modalities and shorter-course
therapies will support this transition, ultimately leading to
TB eradication.
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