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Decreased serum voriconazole levels caused
by hepatic enzyme induction after rifapentine
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Abstract. - BACKGROUND: Rifapentine
is a rifamycin with unique bactericidal activity
against Mycobacterium tuberculosis. It is also a
potent inducer of CYP3A activity. However, the
duration of rifapentine-induced hepatic enzyme
activity after withdrawal is unclear.

CASE REPORT: We report a case of a pa-
tient with Aspergillus meningitis treated with
voriconazole after discontinuing rifapentine. With-
in ten days of rifapentine discontinuation, serum
levels of voriconazole failed to reach the effective
treatment range.

CONCLUSIONS: Rifapentine is a potent in-
ducer of hepatic microsomal enzymes. The in-
duction of hepatic enzymes may exceed ten
days after rifapentine discontinuation. Clini-
cians should be reminded of residual enzyme
induction by rifapentine, especially when treat-
ing critically ill patients.
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Introduction

Rifapentine is a rifamycin antibiotic similar
in structure and activity to rifampicin and rifab-
utin. It is combined with other agents to treat tu-
berculosis, particularly in once- or twice-weekly
regimens'. Although rifapentine has a similar
antibacterial activity to rifampicin, its minimum
inhibitory concentration (MIC) is two-to-four
times lower than that of rifampicin®¢. Rifapentine
is slowly absorbed after oral administration, with
a bioavailability of 70% and a half-life of 13.2
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hours’. A study reported that the peak concentra-
tion (C_ ) of rifapentine is more significant than
that of rifampicin and rifabutin at the commonly
used dosage®. Aristoff et al’ found that the C_
of rifapentine was 15.0 mg/L, the protein binding
rate was 97.0%, and the C__ /MIC ratio for eval-
uating the bactericidal effect was 375, under the
weekly dose of 600 mg. Furthermore, rifapentine
retains a prolonged post-antibiotic effect similar
to rifampicin, and the antibacterial effect can con-
tinue for up to 75 hours after exposure to Myco-
bacterium tuberculosis’.

Rifapentine is mainly metabolized to 25-dia-
cetyl rifampicin in the liver, however, it also been
found an inducer of the hepatic microsomal cyto-
chrome P450 (CYP) enzyme*®'°. The rifamycins
induce enzyme systems involved in the metabo-
lism of many drugs, most notably those metabo-
lized by CYP 3A. However, there are few studies
on hepatic enzyme induction by rifapentine or the
duration of the induction effect'-'2.

Voriconazole is a triazole and is the first-line
treatment for invasive aspergillosis. Therapeu-
tic drug monitoring of voriconazole has become
the standard of care to ensure efficacy and avoid
adverse effects'*'*. Low serum voriconazole con-
centrations are associated with treatment failure,
which may have devastating consequences in
severely ill individuals. Voriconazole is metabo-
lized by CYP". Therefore, combining drugs that
induce hepatic enzymes may lead to decreased se-
rum voriconazole levels. Here, we report a case of
Aspergillus meningitis treated with voriconazole
that did not reach the effective therapeutic con-
centration after rifapentine discontinuation.
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Case Presentation

An 85-year-old man (height: 165 cm; weight:
35 kg) was transferred from another hospital and
diagnosed with pulmonary tuberculosis and As-
pergillus meningitis. The patient had a history of
rifapentine use on March 11, 2022 (oral adminis-
tration, 450 mg, twice a week) for treating pulmo-
nary tuberculosis with Aspergillus meningitis. On
March 19, 2022, the patient was transferred to our
hospital’s tuberculosis intensive care unit (ICU)
for further treatment. Upon admission, the patient
was in a coma and critical condition due to the
intracranial infection.

The patient was treated with voriconazole (150
mg every 12 hours) for Aspergillus meningitis on
the first day of admission. Because rifapentine
induces hepatic enzymes, it was not given to the
patient (the final administration of rifapentine was
on March 18). To ensure the efficacy and safe-
ty of voriconazole, serum levels were monitored.
The serum trough concentration (Ctmugh) was first
monitored after reaching a stable pharmacokinetic
state on March 21, 2022 (three days after rifapen-
tine withdrawal). The result was 0.55 pg/ml, lower
than the effective concentration range (1.0-5.0 pg/
ml). After consultation with the clinical pharma-
cist, the voriconazole dose was adjusted, consid-
ering the possibility of enzyme induction after
rifapentine discontinuation. Thus, with the clini-
cian’s consent, the dosage was changed from 150
mg to 200 mg every 12 hours. The second mon-

itoring was conducted on March 23, 2022 (five
days after rifapentine discontinuation). The Cm)ugh
was < 0.5 pg/ml (below the lower limit of quanti-
fication), much lower than the effective concentra-
tion. Therefore, the dosage interval was decreased
to 200 mg every eight hours. The third C_  was
drawn on March 28, 2022 (ten days after rifapen-
tine discontinuation). The serum voriconazole lev-
el was 1.81 ug/ml, within the effective concentra-
tion range (1.0-5.0 pg/ml). The changes in serum
voriconazole level during the treatment are shown
in Figure 1. To prevent liver function injury caused
by voriconazole, serum alanine aminotransferase
(ALT) and aspartate aminotransferase (AST) lev-
els were also monitored. During treatment, the
ALT and AST levels increased, and AST levels
exceeded the normal range from March 23 to 27
(Figure 2), suggesting that liver function might be
impaired. However, the patient’s family discontin-
ued treatment for economic reasons. The patient
was discharged from the hospital on April 1, 2022,
14 days after admission.

Voriconazole is recommended for adults
weighing less than 40 kg to be given at a load-
ing dose (200 mg every 12 hours) within the first
24 hours, followed by a maintenance dose of 100
mg twice daily. In our case, the dosage (150 mg
every 12 hours) exceeded the maintenance dose
of the instruction, considering enzyme induction
by rifapentine. However, the serum voriconazole
levels failed to reach the effective treatment range
within ten days of rifapentine discontinuation.

rifapentine discontinuation
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Figure 1. Changes in serum
voriconazole levels during
treatment. The dashed line in-
dicates the lower limit of the
effective range of voriconazole.
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Discussion

This case report is the first instance of serum
voriconazole levels failing to reach the therapeu-
tic range ten days after discontinuing rifapentine
for treating Aspergillus meningitis. This finding
suggests that the duration of rifapentine’s induc-
tion effect on hepatic enzymes may exceed ten
days and reminds clinicians to be aware of the
residual enzyme induction effect of rifapentine,
especially when treating critically ill patients.

In this case, the following issues were consid-
ered: (1) the mechanism of enzyme induction effect
by rifapentine; (2) the strength of enzyme induction
by rifapentine; and (3) the duration of enzyme in-
duction after rifapentine discontinuation. Burman
et al® and Niemi et al'? proposed that rifapentine
might mediate the induction of hepatic microsomal
CYP3A4 through a human orphan nuclear receptor
(Pregnane X Receptor, PXR) similar to rifampicin.
PXR binds to response elements in the CYP3A4
promoter and is activated by several agents (in-
cluding rifampicin), enhancing CYP3A4 protein
synthesis'é. The specific mechanism is illustrated
in Figure 3. Li et al"” determined that the order of
the induced activity of CYP3A4 by rifamycin was
rifampicin > rifapentine > rifabutin by measuring
the liver microsomal CYP3A4 enzyme activity
using indirect testosterone 6p-hydroxylation. Wil-
liamson et al'® and Dooley et al'® proposed a new
order of the induced activity (rifampicin > rifabutin
> rifapentine) based on in vitro polymerase chain
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reaction and revealed that rifapentine had a more
substantial CYP3A4 induction effect than rifam-
picin when combining rifampicin or rifapentine
with midazolam (a typical CYP3A4 probe drug).
An in vitro study from Japan® found that CYP3A4
induction by rifapentine was more robust than ri-
fampicin at 10 uM in human hepatoma cells. These
findings suggest that additional studies are needed
to study the strength of the enzyme induction ef-
fect by rifapentine.

In the present case, liver function was slightly
impaired during voriconazole treatment, which
theoretically reduced the drug metabolism by
hepatic enzymes. However, the drug level of
voriconazole remained below normal, which in-
directly indicated the induction effect of rifapen-
tine. Vital Durand et al*' also studied the induc-
tion effect of rifapentine on hepatic microsomal
enzyme and found that rifapentine (600 mg/48 h)
for ten days in six healthy volunteers resulted in a
significant reduction in the half-life of antipyrine,
with a corresponding increase in total clearance;
these values returned to normal ranges after ri-
fapentine discontinuation for 12 days. Another
study®” revealed that the increase of hepatic mi-
crosomal enzyme activity induced by rifapentine
might occur within four days after taking the first
dose and that this activity would return to the
baseline range after rifapentine discontinuation
for 14 days. These results suggest that the dura-
tion of rifapentine’s induction effect on hepatic
enzymes may be 12-14 days.
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Figure 3. Mechanism of rifamycin-mediated induction of hepatic microsomal CYP3A4. PXR: pregnane X receptor. RXR:

retinoid X receptor.

In our case report, the C rough of voriconazole
was above the lower effective concentration lim-
it only after ten days of rifapentine discontinua-
tion when the dose was far greater than the rec-
ommended dose. This finding suggests that the
residual time of hepatic enzyme induction after
rifapentine discontinuation may exceed ten days.
The family members discontinued treatment for
economic reasons, which resulted in the failure to
monitor the therapeutic agents during follow-up;
nevertheless, we believe that an accurate defini-
tion of the residual time of rifapentine-mediated
hepatic microsomal enzyme induction will be
achieved with in-depth exploration in more clini-
cal cases in the future.

Conclusions
Rifapentine is a potent inducer of hepatic mi-

crosomal enzymes, and the duration of induction
on hepatic enzymes may exceed ten days after

rifapentine discontinuation. Therefore, given the
widespread use of rifapentine, clinicians should
be aware of the residual enzyme induction effect,
especially when treating critically ill patients.
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