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Background: Rifampicin is a known inducer of the cytochrome P450 (CYP2B6) enzyme, which can lead to a decrease in the
concentration of efavirenz. Therefore, we conducted a study to evaluate the effect of daily rifampicin intake on efavirenz 600mg
pharmacokinetics and HIV-1 virological suppression.

Methods: Patients receiving antiretroviral therapy containing efavirenz (600mg daily), and we collected efavirenz concentration at four visit
points: ART day 14 (PK1), ART day 42 (PK2), ART day 140 (PK3), and ART day 336 (PK4), and performed pharmacokinetics analysis.
Results: From February 2017 to November 2020, 29 HIV/TB co-infection patients were included. Ninety percent of patients had
a concentration of >1000ng/mL of efavirenz during the study. All patients had efavirenz C,,,x >1000ng/mL, 86% patients showed good
virology response.

Conclusion: Our study shows that the use of rifampicin in HIV/TB co-infection patients does not affect efavirenz drug concentra-
tions, that virological suppression is good and that no efavirenz dose adjustment is required.
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Introduction

Tuberculosis (TB) is still one of the main causes of death in people living with human immunodeficiency virus (PLWH).
According to the statistics of the World Health Organization (WHO), the probability of PLWH suffering from
tuberculosis is 15-21 times that of HIV negative individuals.! In 2020, about 820,000 PLWH suffered from tuberculosis,
of which 214,000 died of tuberculosis.” The double burden of HIV-related tuberculosis is particularly serious in
developing countries, with 81% of tuberculosis patients complicated with HIV infection.’

Efavirenz is an effective non-nucleoside reverse transcriptase inhibitor (NNRTI), which is the main first-line
treatment drug in China and other countries with high-burden of HIV/TB co-infection: Tenofovir disoproxil fumarate
(TDF)+Lamivudine (3TC)+ Efavirenz (EFV).” At present, the appropriate efavirenz dose for HIV-infected patients
receiving combination rifampicin therapy remains controversial. With regard to the intensive PK data collected mainly in
developed countries, the United States Food and Drug Administration (FDA) recently approved the revised efavirenz
package insert, suggesting that the standard daily dose of efavirenz should be increased from 600 mg to 800 mg for
patients who weigh more than 50 kg and take rifampicin at the same time.* However, there is little clinical evidence
about the efficacy and safety of 600 mg and 800 mg. Moreover, the WHO does not recommend increasing efavirenz dose
according to the weight of tuberculosis patients.” It is important to determine the appropriate dose of efavirenz during
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tuberculosis treatment, because too high efavirenz concentration may increase drug-related toxicity, while too low
efavirenz concentration may lead to treatment failure and HIV resistance.

Rifampicin is a known inducer of cytochrome P450 (CYP2B6) enzyme, while efavirenz is a substrate of CYP regulated
by CYP2B6. When used in conjunction with rifampicin, it may result in decreased efavirenz concentration, increasing the
risk of virologic failure.® For the other three TB drugs (Isoniazid, Pyrazinamide, Ethambutol), isoniazid has been reported to
reduce efavirenz concentrations in some studies, but isoniazid induces mainly CYP2A6, CYP3A4, not CYP2B6, and
efavirenz is mainly metabolized by CYP2B6, so isoniazid has little effect on efavirenz. A study in Taiwan, China on ethnic
Chinese showed no effect of pyrazinamide and ethambutol on efavirenz concentrations.” Currently, there is limited
pharmacokinetic research in China on the combined use of these drugs. Therefore, we designed a study to evaluate the
effect of daily rifampicin intake on efavirenz 600mg pharmacokinetics and HIV-1 virological suppression.

Methods
Study Design and Population

This study was conducted at Beijing Ditan Hospital and was initiated in February 2017, and the study complies with the
Declaration of Helsinki. Informed consent was obtained from patients before the study was conducted. All patients
enrolled in the screening were male, 29 patients signed informed consent forms before enrollment. Subject signed an
informed consent form before enrollment and patients were aged >18 years. Patients were ensured to be on anti-
tuberculosis treatment for at least 2 weeks with the following anti-tuberculosis: Isoniazid+Rifampicin+Pyrazinamide
+Ethambutol. Patients weighing >50 kg were given rifampicin 600 mg and if weighing <50 kg, rifampicin 450 mg.

Entry criteria:

a. Most of the anti-HIV antibody tests were carried out by enzyme-linked immunosorbent assay (ELISA) in the
laboratory of the hospital. It was confirmed that anti-HIV antibody was positive by immunoblotting test (WB,
Western Blot) in the local disease prevention and control center.

b. Patients with a clinical diagnosis of tuberculosis and on effective anti-tuberculosis treatment; patients with evidence
of tuberculosis etiology found by relevant tests.

Exclusion criteria:

a. HIV-negative tuberculosis patients;

b. Combined with hepatitis B virus (HBV) infection or hepatitis C virus (HCV) infected patients;
c. Pregnant patients;

d. Patients who have previously received ART or are undergoing ART;

e. Transaminase level > 5 ULN,

f. Patients with co-morbid renal disease;

g. Patients with severe co-morbidities of the heart and Iungs.

Withdraw criteria:

a. Antiviral treatment failure: plasma Viral load continued to be >200 copies/mL 24 weeks after initiation of therapy
(starting or adjusting); or virological rebound.®
b. Serious adverse reaction events: transaminase level >5 ULN;,

Sample Collection
Four PK follow-up visits were carried out, and the sampling of each PK at 0 hours or before oral administration. The

blood samples collected through veins were stored in EDTA tubes and stored at -80°C after centrifugation. Finally, all
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samples were sent to the experimental institution for testing. PK1 (ART day 14+RIF day 28). PK2 (ART day 42+RIF day
56). PK3 (ART day 140+RIF day 154). PK4 (ART day 336+RIF day 350).

Efavirenz Concentrations

Plasma concentrations of efavirenz were quantified with a validated (ultra) high-performance liquid chromatography bio-
quantification method, the lower limit of detection is 0.1 ng/mL. The therapeutic range of efavirenz was considered to be
1000—4000 ng/mL.

Plasma HIV-1 RNA Test

M2000TM (Abbott, ABI 7500, Chicago, USA) was used for quantitative detection of plasma HIV-1 RNA (copies/mL),
the lower limit of detection is 40 copies/mL. The plasma HIV-1 RNA was monitored one month after initiation of
combination antiretroviral therapy in antiretroviral-naive patients, or change of regimens in the presence of virological
failure; and every three to six months thereafter according to the national HIV treatment guidelines.

Safety, Tolerability and Treatment Compliance

We pay attention to the adverse reactions and clinical manifestations of patients after taking drugs, such as severe skin
rash, severe gastrointestinal symptoms, and some central nervous system toxicities. We monitor the patient’s blood
routine, liver and kidney function. During follow-up visits to patients, we count the number of medications remaining
and reinforce patient education on medication adherence.

Statistical Analysis

Continuous variables are reported as median and range. For efavirenz concentrations at the same sampling time point, mean was
performed. Curves were fitted to the mean EFV concentrations using Origin2021R (OriginLab, Northampton, Massachusetts,
USA), using non-compartmental modeling techniques (Monolix, Version2021R1, Paris, France) and were applied to plasma
efavirenz concentration—time data to obtain C;g;,, maximum plasma concentration (C,,.x), and area under the plasma concentra-
tion—time curve from 0 to 18 hours (AUC,_;g). Descriptive statistics, including geometric means (GM) and 95% confidence
intervals (CT), were calculated for all parameters.” HIV-1 RNA was log-transformed using the Chi-square test or Fisher’s exact
test, as appropriate, and compared to selected variables, with P value <0.05 considered statistically significant.

Results
Study Population

A total of 40 HIV/TB patients were screened for the study. The patients had been receiving anti-tuberculosis treatment
for 2 weeks and they will start ART at the same time.11 patients were not included in the study (6 patients fail screening,
4 patients did not have the required amount of venous blood collected, 1 patient had liver injury >5SULN). Twenty-nine
patients were considered eligible to participate in the study (PK1). Twelve patients were lost to follow-up, 1 patient
suffered liver injury, 1 patient withdrew from the study, 2 samples were withdrawn from the test due to hemolysis.
Finally, 13 patients completed (PK4) (See Figure 1, Table 1).

Pharmacokinetics of Efavirenz 600mg

Efavirenz drug concentrations are shown in (Figure 2). In 29 patients, the average efavirenz concentration of all patients
>1000ng/mL, with measurements above the threshold in all other periods. The efavirenz PK parameters measured on
PK1, PK2, PK3 and PK4 are shown in (Table 2). Efavirenz C,,x and AUC_ g decreased gradually, but tended to
stabilize at PK4; C,g, decreased at PK2, but rose to the maximum at PK4.

HIV Virological Suppression
In the 29 patients receiving efavirenz 600mg, HIV-RNA decreased significantly at ART 2 weeks, which was significantly
different from the baseline period (P < 0.001); There was no significant difference between ART 6 weeks and ART 2
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Excluded(n=11) HIV/TB patients
6 exits (n=40)
4 patients of specimen
collection failed to meet the

standard
1 patient of liver injury Completed PK1
(>5ULN) (n=29)
Discontinued(n=5)
5 patients lost to follow-up
Completed PK2
(n=24)
Discontinued(n=9)
7 patients lost to follow-up
1 patient of liver injury
(>5ULN) Completed PK3
1 patient exit (n=15)
DiSC(.)ntinued(n=2) Completed PK4 H
2 patients' samples showed (n=13) ART failure 6weeks
hemolysis (n=1)
ART failure 20weeks
(n=3)

Figure | Flow diagram of the study. Abbreviations: HIV/TB, human immunodeficiency virus/tuberculosis; ART, antiretroviral therapy; PK, pharmacokinetics; ULN, upper
limit of normal value.

weeks (P = 0.182); HIV-RNA continued to decline in ART 20 weeks, with a significant difference compared with ART 6
weeks (P < 0.001); There was no significant difference between ART 48 weeks and ART 20 weeks (P = 0.829). One
patient failed ART at 6 weeks and 3 patients failed ART at 20 weeks. The ART regimen was subsequently changed (see
Figures 1 and 3).

Table | Clinical Characteristics of 29 HIV-Infected Patients

Characteristic Total (29)
Male, sex 29

Age. y, median(IQR) 38(24-60)
Baseline weight, kg, median(IQR) 57.5(45-98)
Baseline BMI, kg/m?, median(IQR) 20(15-31)
CD4 count, cells/pL, median(IQR) 32(2-508)
CD4/CD8 ratio, median(IQR) 0.045(0.01-0.64)
HIV-1 RNA, log|o copies/mL, median(IQR) 5.206(1.792-6.563)
Total bilirubin, pmol/L, median (IQR) 2.07(0.78-2.99)
AST, U/L, median (IQR) 37.6(5.8-154.3)
ALT, U/L, median (IQR) 31.7(7.4-160.9)

Abbreviations: HIV-1, human immunodeficiency virus type |; IQR, interquartile
range; PK, pharmacokinetics.
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Figure 2 EFV600mg concentration—time curve. The black line represents the effective value of EFV concentration (1000ng/mL). The red arrows indicate mean EFV
concentrations <|1000ng/mL in | patient.

Safety and Tolerability

During co-administration, efavirenz 600mg was well tolerated and no serious adverse events occurred. According to the

withdrawn criteria, one patient withdrawn from the group due to liver injury related to efavirenz/rifampicin, and he will

Table 2 Plasma Efavirenz Pharmacokinetics

GM (95% CI)
PK Parameter PKI PK2 PK3 PK4
Cinaxo Ng/mML 2543 2549 3137 3232
95% ClI (1715-3602) (1056—2443) (1365-3405) (1393-3802)
CV% 73% 75% 81% 82%
C\gn, Ng/mL 1523 1148 1578 1838
95% ClI (967-2422) (417-2276) (997-2670) (881-2739)
CV% 63% 37% 66% 73%
AUC,_g, ng*h/mL 34,680 30,241 40,182 46,722
95% ClI (19,127-58,764) (17,106-51,202) (22,806-70,590) (26,910-61,724)
CV% 60% 52% 65% 71%

Note: Plasma efavirenz (EFV) pharmacokinetic (PK) parameters in HIV/TB co-infected patients given EFV 600mg for 2
weeks (PK1), 6 weeks (PK2), 20 weeks (PK3) and 48 weeks (PK4).
Abbreviations: AUCy g, area under the concentration-time curve from 0 to 18 hours; C,gy,, |8-hour postdose concentration;
Cl, confidence interval; C,,,x, maximum concentration; CV, coefficient of variation; GM, geometric mean; PK, pharmacokinetic.
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p<0.001

p =0.182

*
p<0.001 g
p=0.829

HIV viral load(log')

T T T T
Baseline ART-2W  ART-4W  ART-20W ART-48W

Figure 3 HIV viral suppression status.

be required to follow up until the liver function test is completely normal. Due to the exclusion of patients with viral
hepatitis infection and autoimmune liver disease, one patient withdrew from the trial due to an unexplained increase in
ALT (>5ULN) before baseline, and the rest did not report drug-related adverse events.

Discussion

In this pharmacokinetic study of efavirenz 600mg, we found all patients the average concentration of efavirenz >1000ng/
mL. We observed changes in HIV virologic suppression during follow-up, with 86% of patients showing excellent
virologic response.

Our pharmacokinetic study showed that efavirenz C,, remained in the range of 1000-4000ng/mL effective
therapeutic concentrations overall when used with rifampicin. Despite a 25% reduction in efavirenz Cg, during PK2,
efavirenz concentrations remained above the effective therapeutic threshold. Although a decreasing trend in efavirenz
Cmax and AUC_ 3 was observed in PK2, a 29% increase in C;g, and a 13% increase in AUC,_ ;3 during PK3 and
a maximum concentration and maximum area measured in PK4 were sufficient to maintain effective virological
suppression during combination therapy. Notably, we also observed changes in efavirenz concentrations in four patients
who failed antiviral therapy, only one of whom had a C;g, <1000 ng/mL and the other three had a Cg;, >1000 ng/mL. We
believe that even if patients can maintain effective efavirenz concentrations, treatment failure may still occur. Achieving
the minimum effective therapeutic level of efavirenz concentration may only be the foundation for successful treatment
but not the only determining factor.

Pharmacogenomics studies have shown that the concentration of efavirenz is regulated by CYP2B6, which converts
efavirenz into inactive metabolites, while rifampicin is a potent CYP450 inducer that can widely induce drug-
metabolizing enzymes and transporters.'® In addition, patients with HIV/TB co-infection receive multiple drugs, leading
to more complex drug interactions. Clinical studies on the combination of efavirenz 600mg and rifampicin for
tuberculosis treatment have shown different results, with a reduction in efavirenz concentration observed in studies on
healthy volunteers."' Lopez-Cortes et al found that the exposure to efavirenz was reduced by about 25% whether
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measured by area under the concentration—time curve (AUC) or peak and trough concentration,® which is consistent with
our research results. However, several studies have shown that during anti-tuberculosis treatment based on RIF, there is
an abnormal increase in efavirenz concentration.'>'* Although our pharmacokinetic results of efavirenz 600mg have
been validated in HIV/TB patients, in this study, we have demonstrated for the first time that efavirenz 600mg can be co-
administered with rifampicin in the Chinese HIV/TB population and maintain effective virological suppression.

The packaging instructions for efavirenz approved by the US Food and Drug Administration suggest that patients
with a weight of >50 kilograms should receive a dose of 800mg per day during treatment with rifampicin.'>'®
However, some clinical trials have shown that the virological suppression effect remains good during treatment with

standard doses of efavirenz and rifampicin,'” "’

this is similar to the 86% virological suppression results in our
study. Several studies have shown that the increasing dose of rifampicin during anti-tuberculosis treatment is safe,?®
2 however, these studies were almost entirely conducted in HIV-1 negative tuberculosis patients or in HIV/TB co-
infected patients without severe immune suppression who had not received highly effective antiretroviral therapy
(HAART). In addition, we found that efavirenz concentration levels fluctuated greatly between the ART6 and
ART24 periods, which may not support the conclusion that efavirenz dosage should be adjusted based on patient
weight during anti-tuberculosis treatment with rifampicin.?**

There are some limitations to our study, the most obvious of which is the insufficient sample size, which did not yield
typical data characteristics. Finally, we did not investigate genetic polymorphism, which may have some impact on the

experimental conclusions.

Conclusion

In this study, rifampicin did not affect efavirenz pharmacokinetics and virological suppression was good. Even if the
concentration of EFV decreases at a certain point in time, it will not fall below the effective treatment threshold.
Among Chinese patients receiving treatment for HIV/TB co-infection, most patients could achieve therapeutic
efavirenz concentrations, with or without combination with rifampicin, when receiving a standard 600 mg of
efavirenz daily.
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