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Efavirenz Pharmacokinetics and Human
Immunodeficiency Virus Type 1 (HIV-1) Viral
Suppression Among Patients Receiving Tuberculosis
Treatment Containing Daily High-Dose Rifapentine
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Background. A 4-month regimen containing rifapentine and moxifloxacin has noninferior efficacy compared to the standard
6-month regimen for drug-sensitive tuberculosis. We evaluated the effect of regimens containing daily, high-dose rifapentine on
efavirenz pharmacokinetics and viral suppression in patients with human immunodeficiency virus (HIV)-associated tuberculosis
(TB).

Methods. In the context of a Phase 3 randomized controlled trial, HIV-positive individuals already virally suppressed on
efavirenz--containing antiretroviral therapy (ART) (EFV1), or newly initiating efavirenz (EFV2) received TB treatment containing
rifapentine (1200 mg), isoniazid, pyrazinamide, and either ethambutol or moxifloxacin. Mid-interval efavirenz concentrations were
measured (a) during ART and TB cotreatment (Weeks 4, 8, 12, and 17, different by EFV group) and (b) when ART was taken
alone (pre- or post-TB treatment, Weeks 0 and 22). Apparent oral clearance (CL/F) was estimated and compared. Target mid-
interval efavirenz concentrations were > 1 mg/L. Co-treatment was considered acceptable if > 80% of participants had mid-interval
efavirenz concentrations meeting this target.

Results. EFV1and EFV2 included 70 and 41 evaluable participants, respectively. The geometric mean ratio comparing efavirenz
CL/F with vs without TB drugs was 0.79 (90% confidence interval [CI] .72-.85) in EFV1 and 0.84 [90% CI .69-.97] in EFV2. The
percent of participants with mid-interval efavirenz concentrations > Img/L in EFV1 at Weeks 0, 4, 8, and 17 was 96%, 96%, 88%, and
89%, respectively. In EFV2, at approximately 4 and 8 weeks post efavirenz initiation, the value was 98%.

Conclusions. 'TB treatment containing high-dose daily rifapentine modestly decreased (rather than increased) efavirenz clear-
ance and therapeutic targets were met supporting the use of efavirenz with these regimens, without dose adjustment.

Clinical Trials Registration. NCT 02410772.

Keywords. HIV/AIDS; tuberculosis; rifapentine; efavirenz; pharmacokinetics.

Approximately 800 000 individuals living with human im-
munodeficiency virus (HIV) develop tuberculosis (TB)
yearly, and more than 200 000 die of HIV-associated TB [1].
Treatment of HIV-associated TB is complicated by inter-
actions between antiretroviral drugs and rifamycins, the
backbone of TB therapy. Multiple studies have shown reduc-
tions in morbidity and mortality among people living with

Received 14 December 2021; published online 16 December 2021.

“Correspondence: A. T. Podany, Omaha, NE (apodany@unmc.edu).
Clinical Infectious Diseases® 2022;75(4):560-6
© The Author(s) 2021. Published by Oxford University Press for the Infectious Diseases Society
of America. All rights reserved. For permissions, e-mail: journals.permissions@oup.com.
https://doi.org/10.1093/cid/ciab1037

HIV (PLWH) when antiretroviral therapy (ART) is initiated
early in the course of TB treatment [2, 3]. For individuals
newly diagnosed with HIV and TB, current guidelines rec-
ommend initiating HIV treatment within the first 2 weeks of
TB treatment for those with CD4 counts of < 50 cells/mm’
and within 8 weeks for those with CD4 counts 2 50 cells/
mm? [4-6].

Current treatment guidelines for drug-susceptible TB (DS-
TB) recommend 6 months of daily rifampin-based treatment [4,
5]. Substitutions of more potent drugs for TB have been shown
to speed the killing of Mycobacterium tuberculosis in sputum
cultures, but until recently novel regimens failed to reduce
treatment durations in Phase 3 trials [7-9]. Tuberculosis Trials
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Consortium (TBTC) Study 31/ AIDS Clinical Trials Group
(ACTG) Study A5349 (S31/ A5349) was a phase 3 noninferiority
trial comparing 2 of the 4-month regimens using higher daily
doses of rifapentine, with or without moxifloxacin, to the cur-
rent standard 6-month rifampin-based regimen for DS-TB
[10, 11]. The primary efficacy analysis of S31/A5349 showed
noninferiority of the 4-month rifapentine and moxifloxacin
arm, the first major shortening of a DS-TB regimen in over 40
years [11].

Rifamycin antibiotics have potent induction effects on
drug metabolizing enzymes and transporters [12, 13]. Our
knowledge of the interaction potential of rifapentine with
commonly-used antiretrovirals is limited. We nested a phar-
macokinetic (PK) and safety study into S31/A5349 to investi-
gate effects of the highest dose (1200 mg) and longest duration
(17 weeks) of rifapentine ever used on efavirenz PK. The goal
was to ensure a safe and effective ART option for PLWH was
available with the 4-month rifapentine based TB treatment
regimen. The results of this efavirenz PK substudy are re-
ported here.

METHODS

Study Population

S31/A5349 was an international, multicenter, open-label, ran-
domized controlled trial comparing 2 of the 4-month regimens
with the standard 6-month regimen for drug-susceptible pul-
monary TB in both HIV-negative and positive individuals [10,
11]. Each of the 4-month investigational regimens substituted
rifapentine, at a dose of 1200 mg, for rifampin. All TB regimens
were administered daily. Details regarding study population
and conduct have been published elsewhere [11]. For PLWH,
a CD4 T-cell count of > 100 cells/mm’ within 30 days of study
entry was required. Participants were randomly assigned 1:1:1
to treatment arm, and randomization was stratified by site, lung
cavitation, and HIV status.

The Institutional Review Boards or Ethics Committees
of the US Centers for Disease Control (CDC) as well as the
participating institutions approved the study. Each participant
gave written informed consent.

Substudy Design

A secondary objective of S31/A5349 was to evaluate the PK of
efavirenz-based ART among participants with TB/HIV ran-
domized to one of the rifapentine-containing arms. Because the
effects of high-dose daily rifapentine on efavirenz concentra-
tions were not known and subtherapeutic concentrations could
adversely impact HIV treatment outcomes, a conservative ap-
proach was taken. Initially, only PLWH already receiving an
efavirenz regimen who had a viral load < 200 copies/mL were
enrolled into “EFV1. If prespecified safety metrics were met,
then “EFV2”, which included treatment-naive PLWH, could

open (see below). The overall target sample size was 90 parti-
cipants per group.

Study Procedures

All participants in the rifapentine arms received daily 1200mg
rifapentine, isoniazid 300 mg, weight-based pyrazinamide
(<55 kg 1000 mg, 55-75 kg 1500 mg, >75 kg 2000 mg) and
either weight-based ethambutol (<55 kg 800 mg, 55-75 kg
1200 mg, >75 kg 1600 mg) or moxifloxacin 400 mg. All par-
ticipants in the efavirenz PK study received 600 mg efavirenz
daily, plus 2 nucleoside reverse transcriptase inhibitors
(NRTTI).

Plasma samples for mid-interval efavirenz concentration
determination were collected at entry (week 0), and weeks 4,
8, and 17 during TB treatment in EFV1. Week 0 values were
with efavirenz alone, whereas week 4, 8, and 17 values were
efavirenz taken together with TB treatment. Participants in
EFV2 had plasma samples collected approximately 4 and 8
weeks after efavirenz initiation, and again at study week 22
after TB treatment completion. Efavirenz initiation in EFV2
participants could occur up until study week 8. Efavirenz sam-
pling points were aligned to the closest study week visit which
may occur at weeks 4, 8, 12, or 17. For example, a participant
starting efavirenz at study week 4 would have a 4 and 8 week
post efavirenz initiation plasma sample collected at study week
8 and 12. A detailed schedule of events for the study has been
previously published [10]. Plasma samples were collected at
an efavirenz mid-dosing interval timepoint, corresponding to
12-20 hours post efavirenz administration. Efavirenz concen-
trations in plasma were quantified with a validated, quality-
controlled LC/MS assay as previously described [14].

Plasma for HIV viral load determination was collected at
study screening in all participants with HIV. HIV viral load
was also measured at weeks 8, 17, and 22 in EFV1. For EFV2
participants, HIV viral load testing was performed at 8 weeks
following initiation of efavirenz and at study week 22. If a fol-
low-up viral load result was > 200 copies/mL then 2 to 4 weeks
after that test, a repeat HIV viral load test was performed.

Cohort Management and Stopping Rules

Pharmacokinetic data were evaluated after 9, 21, 31, and 90
individuals had enrolled into each group (EFV1 or EFV2).
Participants were not allowed to enroll into EFV2 until after
PK data from 31 EFV1 participants were deemed acceptable.
Efavirenz PK were judged to acceptable if < 20% of participants
had mid-interval efavirenz concentrations < 1 mg/L at both
time points during TB treatment.

Outcomes

The primary outcome of the efavirenz PK studies was the pro-
portion of participants receiving efavirenz with mid-interval
efavirenz plasma concentrations =21 mg/L, a commonly
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accepted threshold for virologic efficacy, at 2 time points during
TB treatment [15].

Analyses

Continuous variables including patient-specific demographics
(age, weight, treatment duration) and efavirenz PK data were
summarized with descriptive statistics. Categorical data were
summarized with frequency distributions. Participants with
missing data were not included in specific variable summaries
where data were incomplete. Median and interquartile range
were used to describe efavirenz sampling times and efavirenz
plasma concentrations by week. Any participant who had
a mid-interval efavirenz concentration <1 mg/L either pre
(EFV1) or post (EFV2) TB treatment (ie, when not on TB
treatment) was deemed nonevaluable and excluded from PK
analysis, assuming adherence challenges in these individuals.
Additionally, participants with missing samples, or samples col-
lected outside of the timepoints specified in the protocol were
deemed nonevaluable for PK analysis. Efavirenz concentrations
that were below the limit of quantitation (BLQ) were handled
as follows: any EFV1 participant with baseline BLQ sample was
nonevaluable, any EFV2 participant with a week 22 concentra-
tion reported as BLQ was nonevaluable, and any participant
EFV1 or EFV2 with 2 or more BLQ values during TB treatment
was considered nonevaluable. Viral load data were summarized
as percent of participants with detectable HIV RNA, and me-
dian (interquartile range [IQR]) where measurable. The limits
of detection of HIV RNA assays varied by clinical site/ country.

The final PK analysis was planned after 90 individuals had
enrolled into each of the efavirenz groups, or when full parent
study enrollment had been reached should that occur prior to
fully enrolling each of the efavirenz groups. In the final efavirenz
PK evaluation, the proportion of individuals in each group
(EFV1 and EFV2) who maintained mid-interval efavirenz
plasma concentrations above 1 mg/L at both time points during
TB treatment was determined. A 95% confidence interval (CI)
around these proportions was then calculated. The final evalua-
tion deemed efavirenz PK data acceptable if the lower bound of
the 95% CI did not fall below 80%. This evaluation occurred for
EFV1 and EFV2 independently.

Pharmacokinetic parameter estimation was implemented
in ADAPT software (Biomedical Simulations Resource at the
University of Southern California). Bayesian maximum a pos-
teriori probability estimates were used to estimate efavirenz ap-
parent oral clearance (CL/F) during and pre/post TB treatment.
Efavirenz concentrations obtained during TB treatment were
combined to model the during-TB-treatment efavirenz CL/E
The pre-TB treatment efavirenz concentration was used to model
the “off” TB treatment efavirenz CL/F in EFV1, while the week
22 efavirenz concentration was used to model a similar value in
EFV2. A population estimate of efavirenz CL/F of 8.0 + 4 L/hour
(mean, standard deviation) was used in the model [16].

The geometric mean ratio (GMR) of the efavirenz CL/F when
efavirenz was given together with TB treatment was compared
with that when efavirenz was given alone for both EFV1 and
EFV2. The 90% CI around the GMR was obtained using a non-
parametric bootstrap. Statistical analysis was conducted in R
software, version 4.0.2 (R Core Team, 2020) [17] using stats,
boot [18, 19], tidyverse [20], and ggbeeswarm [21] packages.

RESULTS

A total of 214 PLWH were enrolled into S31/A5349, of whom
133 were enrolled in the efavirenz PK substudy (80 and 53 in
EFV1 and EFV2, respectively) from January 2016 to October
2018. The target sample size of 180 participants was not met
owing to low numbers of individuals on ART with undetectable
viral load being diagnosed with TB at study sites and, therefore,
late opening of EFV2. One hundred and eleven of the 133 par-
ticipants (EFV1 n =70, EFV2 n = 41) had complete PK sam-
pling and met the criteria for evaluable participants. Two EFV1
participants were missing baseline PK samples, whereas an-
other 8 were deemed nonevaluable due to BLQ or insufficient/
incorrect sampling. Seven EFV1 participants were missing a
post-treatment PK sample, whereas another 5 were deemed
nonevaluable due to BLQ or insufficient/incorrect sampling.
Evaluable participants’ demographics are in Table 1.

EFV1

In EFV1, 265 PK samples (70, 67, 66, and 62 samples for
weeks 0, 4, 8, and 17, respectively) were available (Figure 1).
Median (IQR) mid-interval efavirenz concentrations were
2.41 (IQR, 1.64 - 3.64) mg/L at week 0, 2.99 (IQR, 1.95 - 5.14)
mg/L at week 4, 2.71 (IQR, 1.67 - 4.57) mg/L at week 8, and
2.45 (IQR. 1.75 - 4.45) mg/L at week 17. At week 0, 67/70
(95.7%) participants had mid-interval efavirenz concentra-
tions =2 1 mg/L, and 64/67 (95.5%) participants at week 4. At
weeks 8 and 17, these proportions were 58/66 (87.9%) and
55/62 (88.7%), respectively. EFV1 efavirenz concentrations
by week are summarized in Table 2. Median efavirenz CL/F
values were: 9.82 L/hour (IQR, 6.82 -13.03 L/hr) and 7.73 L/
hour (IQR, 5.10 -11.49 L/hr) at baseline and during TB treat-
ment, respectively (GMR, 0.79 [90% CI .72-.85]). Sixty-two of
67 (92.5% [95% CI lower bound: 83.7%]) EFV1 participants
maintained plasma efavirenz concentrations 2 1 mg/L during
TB treatment.

All EFV1 participants had an HIV viral load < 200 copies/
mL at screening. HIV RNA was detectable in 15 of 70 (21%)
with a median (IQR) HIV RNA of 54 (20 123) copies/mL. A
week 17 or 22 viral load was available for 60/70 (86%) EFV1
participants; 59 of 60 (98%) week 17 or 22 viral loads were < 50
copies/mL. One EFV1 participant had a week 17 HIV RNA of
364 copies/mL; this participant had mid-interval efavirenz con-
centrations > 1 mg/L at all PK study visits (weeks 0, 4, 8,and 17).
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Table 1. Baseline Demographic and Clinical Characteristics
Participant Characteristics EFV1 N =70 EFV2 N =41 Total N =111
Male sex, no. (%) 39 (55.7) 27 (65.9) 66 (59.5)
Age, median (IQR) 41 (36-48) 37 (30—43) 39 (35-47)
Age group, no. (%)
1835y 12 (17.1) 16 (39.0) 28 (25.2)
>35y 58 (82.9) 25 (61.0) 83 (74.8)
Race, no. (%)
Black 66 (94.3) 37 (90.2) 103 (92.8)
Multiple 3(4.3) 4(9.8) 7 (6.3)
White 1(1.4) 0(0.0) 1(0.9)
CD4 + count (cells/mL°), baseline, median (IQR) 355 (227-446) 331 (210-410) 343 (219-440)
HIV viral load (copies/mL), baseline, median (IQR)? 54 (20-123) 221 548 (714-1 200 684) 157 655 (20-1 200 684)
[in persons with detectable HIV]
ART status, no. (%) 70 (100.0) 0 (0.0) 0 (0.0) 41 (100.0) 70 (63.1) 41 (36.9)
On ART before or at enroliment
Started ART after enroliment
Cavitation (CXR), baseline, no. (%)
Absent 18 (25.7) 15 (36.6) 33(29.7)
<4cm 24 (34.3) 13 (31.7) 37 (33.3)
>4 cm 28 (40.0) 13 (31.7) 41 (36.9)
Weight (kg), baseline, median (IQR) 56 (51-65) 55 (49-62) 55 (51-63)
Body mass index, baseline, median (IQR) 19.7 (18.0—-23.1) 20.4 (174-22.8) 19.9 (17.6-22.9)
Current smoker, baseline, no. (%) 21 (30.0) 13 (31.7) 34 (30.6)
Prior tuberculosis treatment, no. (%) 21 (30.0) 9(22.0) 30 (27.0)

Abbreviations: ART, antiretroviral therapy; HIV, human immunodeficiency virus; IQR, interquartile range.

“In total, 52/111 (46.8%) participants had detectable levels of HIV RNA within 30 d of study entry (15 EFV1, 37 EFV2).

EFV Sampling Times, Hours Post Dose

EFV Concentrations

Hours Postdose

EFV (mgiL)

EFV Apparent Clearance: Pre-RPT vs. During

EFV CUF (UN)
3 ]

Pre-Rifapentine Treatment During Rifapentine Treatment

Baseline Week 17 Baseline

EFV Sampling Times, Hours Post Dose EFV Concentrations
EFV Apparent Clearance: Post-RPT vs. During

8

Hours Postdose.

EFV CUF (Uh)
L3

Post-Rifapentine Treatment

Week8  Week12  Week 17  Week22 Week 4 Weok8  Week12  Week 17  Wesk22 During Rifapentine Treatment

Figure 1.  Efavirenz (EFV) sampling times (hours post dose) by week (A), EFV concentrations by week (B), EFV apparent oral clearance (CL/F) pre/post rifapentine (RPT) and
isoniazid (H) and during RPT/H treatment (C), shown for EFV1 (top row) and EFV2 (bottom row).

Efavirenz PK and HIV-1 Viral Suppression Among Patients Receiving Rifapentine « CID 2022:75 (15 August) « 563



Table 2. Mid-Dosing Interval Efavirenz Concentrations by Study Week for EFV1 and EFV 2

EFV1
Week 0 Week 4 Week 8 Week 12 Week 17 Week 22
Efavirenz concentration, 2.41 (1.64-3.64) 2.99 (1.95-5.14) 2.71 (1.67-4.57) 2.45 (1.75-4.45)
median (IQR) mg/L
No. (%) participants with EFV 67/70 (96 %) 64/67 (96%) 58/66 (88%) 55/62 (89%)
concentrations > 1 mg/L
EFV2
Week 0 Week 4 Week 8 Week 12 Week 17 Week 22
Efavirenz concentration, 2.98 (2.56-6.37) 2.74 (2.10-4.74) 3.04 (2.14-5.35) 3.17 (2.70-3.84) 2.99 (2.20-4.21)
median (IQR) mg/L
No. (%) participants with EFV 3/3 (100%) 31/33 (94%) 36/38 (95%) 9/9 (100%) 37/41 (90%)

concentrations > 1 mg/L

Abbreviations: EFV, efavirenz; IQR, interquartile range.

At study month 15 this participant had an undetectable
viral load.

EFV2

There were 124 PK samples available for EFV2 (3, 33, 38, 9, and
41 samples for weeks 4, 8, 12, 17, and 22, respectively) (Figure 1).
Median (IQR) mid-interval efavirenz concentrations were 2.98
(IQR, 2.56 - 6.37) mg/L at week 4, 2.74 (2.10 — 4.74) mg/L at week
8,3.04 (IQR, 2.14 - 5.35) mg/L at week 12, 3.17 (IQR, 2.70 - 3.84)
mg/L at week 17 and 2.99 (IQR, 2.20 - 4.21) mg/L at week 22.

At weeks 4, 8,12, 17, and 22, 100%, 94%, 95% 100% and 90% of
participants had efavirenz mid-interval concentrations = 1 mg/L.
EFV2 efavirenz concentrations are summarized in Table 2. Median
efavirenz CL/F values were: 7.35 L/hour (IQR, 4.75 -10.5 L/
hour) and 7.94 L/hr (IQR, 6.09-9.86 L/hour) during HIV-TB
cotreatment and during HIV treatment alone, respectively (GMR,
0.84 [90% CI .69-.97]). Thirty-six of 37 participants (97.2% [95%
lower bound: 86.2%]) EFV2 participants maintained mid-interval
efavirenz concentrations 2 1 mg/L during TB treatment.

HIV RNA was detectable in 37 of 41 (90%) EFV2 participants
at screening with a median (IQR) HIV RNA of 221 548 (IQR,
714-1 200 684) copies/mL. Three of the 41 had undetectable
HIV RNA at enrollment, while one was missing an enrollment
HIV RNA. A week 17 or 22 viral load was available for 38/41
(93%) of EFV2 participants. All values were < 200 copies/mL;
36 of 38 (95%) available week 17 or 22 viral loads were unde-
tectable. Two EFV2 participants had a week 22 HIV RNA of 79
and 85 copies/mL, respectively. One participant had 3/3 mid-
interval efavirenz concentrations = Img/mL while on study,
whereas the other had 3/3 below 1 mg/L while on study. One
of these 2 participants had a follow-up viral load at month 15,
reported as “undetectable,” the other participant had no further
HIV RNA available in the study database.

DISCUSSION

High-dose
efavirenz clearance modestlyamong patients with HI V-associated

rifapentine-containing TB therapy decreased

TB receiving efavirenz-based ART. We found that > 80% of par-
ticipants maintained mid-interval efavirenz plasma concentra-
tions above the commonly cited threshold for virologic efficacy,
1 mg/L [15], and HIV virologic response was excellent.

The rifamycin antibiotics broadly induce drug metabolizing
enzymes and transporters [13]. The end effect of this induction
is often decreased plasma concentrations of companion drugs
that are substrates for those drug metabolizing enzymes and
transporters, when taken with rifamycins. Thus, we hypothe-
sized that if high-dose rifapentine had any effect on efavirenz
PK it would be to increase clearance and thereby reduce plasma
concentrations. Previous clinical studies of efavirenz 600mg in
combination with rifampin-based TB treatment have shown
mixed results. Lopez-Cortes et al found roughly a 25% reduc-
tion in efavirenz exposures whether measured by area under
the concentration-time curve (AUC), or peak and trough con-
centrations, although Luetkemeyer et al found a paradoxical
increase in efavirenz trough concentrations when given with
rifampin [22, 23]. Similarly, studies of efavirenz 400mg daily
in combination with rifampin, ~10 mg/kg, showed a minimal
effect (<25%) on efavirenz exposures as measured by AUC
Cmax and C24h
crease efavirenz doses to 800 mg to compensate for a reduction

0-24>
[24]. Current FDA labeling allows clinicians to in-

in EFV concentrations as a result of an increase in EFV CL/F
when given with rifampin in individuals weighing more than
60kg; however, current treatment guidelines state dose adjust-
ment of efavirenz with rifampin is not needed [6, 25].

Both daily and weekly rifapentine use in TB preven-
tion has been studied in combination with efavirenz. When
rifapentine was given at a dose of 900 mg once weekly for
v.04 Was decreased 14% versus when

given without rifapentine [26]. Similarly, in a study of daily

3 weeks, efavirenz AUC

rifapentine at a dose of ~10 mg/kg (max 60 0mg) for 4 weeks
as part of a TB prevention regimen (1HP), mid-dosing in-
terval efavirenz concentrations were decreased only 2%
after 4 weeks of daily rifapentine [27]. Until now, there have
been no studies of efavirenz PK when used with rifapentine
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at the higher treatment dose of 1200 mg (~20 mg/kg) daily
for any duration of time. Interestingly, in our present study
of efavirenz concentrations during rifapentine treatment,
efavirenz concentrations did not decrease with time during
TB treatment.

One possible explanation for this unexpected lack of de-
crease in efavirenz concentrations could be drug metabolizing
enzyme inhibition by isoniazid, which all participants received
in both the induction and continuation phase of TB therapy.
Isoniazid has been previously shown in vitro to inhibit CYP2B6,
which is one of the main enzymes responsible for efavirenz me-
tabolism. In both the present study, as well as the 1HP study
with efavirenz, the dose of isoniazid used was 300 mg daily.
Differences in efavirenz PK between the 2 studies may possibly
be explained by differences in the genetic makeup of partici-
pants between the two studies. Previous studies have found an
association between individuals with slow n-acetyltransferase
2 (NAT?2) alleles, one of the enzymes responsible for isoniazid
metabolism, and increased efavirenz concentrations in individ-
uals receiving isoniazid and rifapentine [28]. NAT2 genotype
was not considered for the present analyses, and the present
PK outcomes for efavirenz may not be applicable to individuals
who receive rifapentine without the combination of isoniazid.

Our study has some limitations. First, we recognize there has
been a global shift toward integrase strand transfer inhibitors
(INSTI)-based ART regimens. We did not study INSTI in our
trial, as even the effects of standard-dose rifampin on INSTTs
were not known at the time of S31/A5349 study initiation. A
currently enrolling trial (ACTG A5372, NCT04272242) is
evaluating once-daily rifapentine (600 mg) given for 1 month
with dolutegravir-based ART. Following that, dolutegravir-
based ART will be tested with the S31/A5349 regimen in ACTG
study 5406. In countries where TB remains most prevalent,
efavirenz is available as a second-line drug and widely used.
Additionally, the generalizability of our findings may be lim-
ited in part by the inclusion criteria of the parent study, which
allowed participation of individuals with a CD4 + cell count
of 2 100 cells/mm’ within 30 days of study entry. Whether or
not these PK and viral suppression findings can be extended
to individuals with CD4 counts < 100 remains to be studied.
Finally, our study had a high percentage of participants with
either BLQ or incomplete PK data. Reassuringly, a sensitivity
analysis including all available PK data from participants with
measurable efavirenz concentrations found no major differ-
ences in the primary outcomes we report from the PK evaluable
group (supplemental material).

A 4-month regimen of high-dose rifapentine, moxifloxacin,
isoniazid, and pyrazinamide has now been shown to be safe and
effective for the treatment of pulmonary TB. The PK, safety, and
virologic data described herein provide important support for
co-treatment of HIV and TB with efavirenz-based ART. To date,
there have been no other antiretrovirals tested in combination

with rifapentine-containing regimens for pulmonary TB treat-
ment. These PK data extend the possibility of a 4-month TB
treatment to individuals with HIV on ART.

Supplementary Data

Supplementary materials are available at Clinical Infectious Diseases online.
Consisting of data provided by the authors to benefit the reader, the posted
materials are not copyedited and are the sole responsibility of the authors,
so questions or comments should be addressed to the corresponding author.

Notes

Acknowledgments. The authors thank the study participants in Study 31/
A5349 as well as the staff at each of the clinical sites that participated in the
study. In addition, they thank the members of the University of Nebraska
Medical Center (UNMC) Antiviral Pharmacology Laboratory (APL) for
their assistance in analyzing pharmacology related samples. Finally, they
thank Stefan Goldberg for input on study design.

Ethical approval. The trial was approved by the US CDC Institutional
Review Board (IRB). Each participating institution provided for the review
and approval of this protocol and its informed consent documents by a local
IRB or ethics committee or relied formally on the US CDC IRB approval.

FDA IND number: 46 954.

IND sponsor: US Centers for Disease Control and Prevention.

Author contributions. A. T.P, M. P, E.S,, W.C. W,, A. P, K. C, K. B,, N.
S,A.V,].LJ,E.V.K,R.E.C,S.D,P.N,S.S,K E.D,,and C. V. E were
involved in study design, data collection, data analysis, data interpretation.

A.T.P,R.E.C,E V.K,S.S,and K. E. D. wrote the manuscript. N. M.,
W.S,L. M., S. B.E, R.D,, H. M., and U. L. were site investigators and were
involved in data collection and data analysis. P. P. was a study statistician
and was involved in data analysis, data interpretation.

Conduct of the study was entirely the responsibility of the investigators,
with regulatory oversight by the CDC and NIAID. Data collection, manage-
ment, and interpretation were entirely the responsibility of the investigators.
All authors had full access to all data. The corresponding author had the
final responsibility to submit for publication

Disclaimer. The findings and conclusions in this report are those of the
authors and do not necessarily represent the official position of the Centers
for Disease Control and Prevention (CDC), the National Institute of Allergy
and Infectious Diseases, or the US Department of Health and Human
Services.

Financial support. This work was supported by the US Centers for
Disease Control and Prevention, National Center for HIV/AIDS, Viral
Hepatitis, STD, and TB Prevention, Division of Tuberculosis Elimination
(contract numbers 200-2009-32582, 200-2009-32593, 200-2009-32594,
200-2009-32589, 200-2009-32597, 200-2009-32598, 75D30119C06702,
75D30119C06701,75D30119C06703,75D30119C06222,75D30119C06225,
75D30119C06010)); and by the National Institute of Allergy and Infectious
Diseases of the National Institutes of Health under award numbers UM1
AT068634, UM1 AI068636 and UM1 AI106701, K23 AI134307 (to A. T. P.),
K24 AI150349 (to K. E. D.).

Sanofi (Paris, France, and Bridgewater, New Jersey, USA) donated
rifapentine and all other study drugs, supported shipping of study drugs
to all sites, and provided funding support for pharmacokinetic testing and
preparation of the final Clinical Study Report.

Potential conflicts of interest. The authorship team members have de-
clared (below or attached) any potential conflicts of interest with respect to
the research, authorship, and/or publication of this article. Sanofi commer-
cial interests did not influence the study design; the collection, analysis, or
interpretation of data; the preparation of this manuscript; or the decision
to submit this manuscript for publication. A Sanofi technical expert served
on the protocol team. N. M. reports a grant to the institution for pneu-
monia research from Pfizer and a subaward to collect specimens to validate
a TB diagnostic from Roche. L. M. reports grants or contracts from Merck
Sharpe & Dohme (institution received clinical trial fees), ViiV Healthcare
(institution received clinical trial fees), Kowa Pharmaceuticals America
(pharmaceutical support on protocol), and Sanofi-Aventis (pharmaceutical

Efavirenz PK and HIV-1 Viral Suppression Among Patients Receiving Rifapentine « CID 2022:75 (15 August) « 565



support on protocol) outside of the submitted work. S. S. reports research
grant support to the institution from ViiV Healthcare outside of the sub-
mitted work and support for attending meetings and/or travel from the
National Institutes of Health (NIH). C. V. E. reports being a member of the
Safety Monitoring Committee for Division of Microbiology and Infectious
Diseases (DMID), NIAID, NIH, for 2 protocols on (1) an influenza virus
challenge study and (2) a safety and pharmacokinetics of single doses of
an antifungal, VT-1598 (no payments are made to institution or personally
for service on this SMC). R. E. C. reports consulting fees from Sanofi. U. L.
reports funding support for travel to ACTG Annual Network Meeting from
AIDS Clinical Trials Group. A. A. V. reports working with a group at CDC
that perform TB trials. The group has collaborated with pharmaceutical
partners. Sanofi collaborated in Study 31/A5349 and provided support for
testing PK of TB drugs, and provided drugs for the trial. All other authors
report no potential conflicts.

All authors have submitted the ICMJE Form for Disclosure of Potential
Conflicts of Interest. Conflicts that the editors consider relevant to the con-
tent of the manuscript have been disclosed.

References

1. World Health Organization. Global tuberculosis report 2020. Geneva, Switzerland.
Available at: https://www.who.int/publications/i/item/9789240013131. Accessed
10 August 2021.

2. Blanc F-X, Sok T, Laureillard D, et al. Earlier versus later start of antiretro-
viral therapy in HIV-infected adults with tuberculosis. New Engl ] Med. 2011;
365:1471-81.

3. Abdool Karim SS, Naidoo K, Grobler A, et al. Timing of initiation of antiretroviral
drugs during tuberculosis therapy. N Engl ] Med 2010; 362:697-706.

4. Nahid P, Dorman SE, Alipanah N, et al. Official American Thoracic Society/
Centers for Disease Control and Prevention/Infectious Diseases Society of
America clinical practice guidelines: treatment of drug-susceptible tuberculosis.
Clin Infect Dis 2016; 63:e147-95.

5. Guidelines for treatment of drug-susceptible tuberculosis and patient
care, 2017 update. Geneva: World Health Organization; 2017. Licence: CC
BY-NC-SA 3.0 IGO. Available at: https://apps.who.int/iris/bitstream/han
dle/10665/255052/9789241550000-eng.pdf. Accessed 10 August 2021.

6. Panel on Guidelines for the Prevention and Treatment of Opportunistic
Infections in Adults and Adolescents with HIV. Guidelines for the Prevention and
Treatment of Opportunistic Infections in HIV-infected Adults and Adolescents:
Recommendations from the Centers for Disease Control and Prevention, the
National Institutes of Health, and the HIV Medicine Association of the Infectious
Diseases Society of America. Available at: https://clinicalinfo.hiv.gov/sites/de-
fault/files/inline-files/adult_oi.pdf. Accessed 1 June 2021.

7. Gillespie SH, Crook AM, McHugh TD, et al. Four-month moxifloxacin-based re-
gimens for drug-sensitive tuberculosis. N Engl ] Med 2014; 371:1577-87.

8. Jindani A, Harrison TS, Nunn AJ, et al. High-dose rifapentine with moxifloxacin
for pulmonary tuberculosis. N Engl ] Med 2014; 371:1599-608.

9. Merle CS, Fielding K, Sow OB, et al. A four-month gatifloxacin-containing reg-
imen for treating tuberculosis. N Engl ] Med 2014; 371:1588-98.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Dorman SE, Nahid P, Kurbatova EV, et al. High-dose rifapentine with or without
moxifloxacin for shortening treatment of pulmonary tuberculosis: Study protocol
for TBTC study 31/ACTG A5349 phase 3 clinical trial. Contemp Clin Trials 2020;
90:105938.

Dorman SE, Nahid P, Kurbatova EV, et al. Four-month rifapentine regimens with
or without moxifloxacin for tuberculosis. N Engl ] Med 2021; 384:1705-18.
Baciewicz AM, Chrisman CR, Finch CK, Self TH. Update on rifampin, rifabutin,
and rifapentine drug interactions. Curr Med Res Opin 2013; 29:1-12.

Dyavar SR, Mykris TM, Winchester LC, Scarsi KK, Fletcher CV, Podany AT.
Hepatocytic transcriptional signatures predict comparative drug interaction po-
tential of rifamycin antibiotics. Sci Rep 2020; 10:1-12.

Fletcher C, Brundage R, Fenton T, et al. Pharmacokinetics and pharmacodynamics
of efavirenz and nelfinavir in HIV-infected children participating in an area-under-
the-curve controlled trial. Clin Pharmacol Therapeut 2008; 83:300-306.

Marzolini C, Telenti A, Decosterd LA, Greub G, Biollaz ], Buclin T. Efavirenz
plasma levels can predict treatment failure and central nervous system side effects
in HIV-1-infected patients. AIDS 2001; 15:71-5.

Csajka C, Marzolini C, Fattinger K, et al. Population pharmacokinetics and ef-
fects of efavirenz in patients with human immunodeficiency virus infection. Clin
Pharmacol Therapeut 2003; 73:20-30.

Team RC. R: A language and environment for statistical computing. 2013.

Canty A, Ripley B. boot: Bootstrap R (S-Plus) functions. R package version 1.3-20.
CRAN R Project 2017.

Davison AC, Hinkley DV. Bootstrap methods and their application: Cambridge
University Press, 1997.

Wickham H, Averick M, Bryan J, et al. Welcome to the tidyverse. ] Open Source
Software 2019; 4:1686.

Clarke E, Sherrill-Mix S. Ggbeeswarm: Categorical scatter (violin point) plots. R
package version 06 0 Retrieved from https://CRAN R-project org 2017.
Lopez-Cortés LF, Ruiz-Valderas R, Viciana P, et al. Pharmacokinetic interactions
between efavirenz and rifampicin in HIV-infected patients with tuberculosis. Clin
Pharmacokinet 2002; 41:681-90.

Luetkemeyer AF, Rosenkranz SL, Lu D, et al. Relationship between weight,
efavirenz exposure, and virologic suppression in HIV-infected patients on
rifampin-based tuberculosis treatment in the AIDS Clinical Trials Group A5221
STRIDE Study. Clin Infect Dis 2013; 57:586-93.

Cerrone M, Wang X, Neary M, et al. Pharmacokinetics of efavirenz 400 mg once
daily coadministered with isoniazid and rifampicin in human immunodeficiency
virus—infected individuals. Clin Infect Dis 2019; 68:446-52.

Bristol-Myers Squibb Company: Sustiva (efavirenz) [package insert] August
2012. Available at: https://packageinserts.bms.com/pi/pi_sustiva.pdf. Accessed 10
August 2021.

Farenc C, Doroumian S, Cantalloube C, Perrin L, Esposito V, Cierien-Puiseux L.
Rifapentine once-weekly dosing effect on efavirenz, emtricitabine and tenofovir
PKs. In: Conference on retroviruses and opportunistic infections, March 3-6,
2014, Boston, Massachusetts.

Podany AT, Bao Y, Swindells S, et al. Efavirenz pharmacokinetics and pharmaco-
dynamics in HIV-infected persons receiving rifapentine and isoniazid for tuber-
culosis prevention. Clin Infect Dis 2015; 61:1322-7.

Haas DW, Podany AT, Bao Y, et al. Pharmacogenetic interactions of rifapentine
plus isoniazid with efavirenz or nevirapine. Pharmacogenet Genom 2020;
31:17-27.

566 « CID 2022:75 (15 August) « Podany etal


https://www.who.int/publications/i/item/9789240013131
https://apps.who.int/iris/bitstream/handle/10665/255052/9789241550000-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/255052/9789241550000-eng.pdf
https://clinicalinfo.hiv.gov/sites/default/files/inline-files/adult_oi.pdf
https://clinicalinfo.hiv.gov/sites/default/files/inline-files/adult_oi.pdf
https://CRAN R-project org
https://packageinserts.bms.com/pi/pi_sustiva.pdf



