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Abstract

Background: Cycloserine, or its structural analogue terizidone, has been associated with 

neuropsychiatric toxicity (psychosis, depression, and neuropathy). Prospective clinical data on the 

incidence of and risk factors for neuropsychiatric toxicity in TB patients treated with cycloserine 

are limited.

Methods: A prospective evaluation of neuropsychiatric toxicity was performed using validated 

screening tools in patients with multidrug-resistant tuberculosis treated with terizidone. Cox 

proportional hazard modelling was performed to explore the effects of clinical variables and 

measures of cycloserine pharmacokinetics in plasma.

Results: A total 144 participants were recruited: 86 were male and 58 were female; their median 

age was 35.7 years and 91 (63%) were HIV-infected. Fifty-five (38%) participants developed at 

least one neuropsychiatric event (30 cases per 100 person-months): 50 (35%) neuropathy, 14 

(10%) depression, and 11 (8%) psychosis. Neuropathy was independently associated with 

cycloserine clearance ((adjusted hazard ratio 0.34 (aHR), P = 0.03)) and high-dose pyridoxine 

(200 mg vs 150 mg daily, aHR: 2.79, P = 0.01).
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Conclusions: A high incidence of early neuropsychiatric toxicity was observed in this cohort of 

patients treated with terizidone. Cycloserine clearance and higher doses of pyridoxine are 

associated with incident or worsening peripheral neuropathy.
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Introduction

D-4-amino-3-isoxazolidinone, or D-cycloserine (cycloserine), was first discovered and 

synthesized by Hidy et al. almost 70 years ago (Hidy et al., 1955). Neuropsychiatric toxicity, 

including depression and psychosis, was first reported with the earliest known use of 

cycloserine and in subsequent early treatment reports (Kendig et al., 1956; Murray, 1956). 

Cycloserine-associated peripheral neuropathy has been reported less frequently (Kendig et 

al., 1956; Desmeules et al., 1957; Conradie et al., 2014). Neuropsychiatric side-effects led to 

patients and pharmacologists giving cycloserine the moniker ‘psych-serine’ (Gumbo, 2018). 

The popular press has called cycloserine a “cure that also kills” (Emily Wise, 2013). 

Historically, this has impeded widespread inclusion of cycloserine, and its structural 

analogue terizidone, in treatment regimens for drug-resistant tuberculosis (TB) (Hwang et 

al., 2013). The World Health Organization (WHO) has recently included cycloserine or 

terizidone as a group B drug for long multidrug-resistant tuberculosis (MDR-TB) treatment 

regimens (WHO, 2019), after an individual participant data meta-analysis showed 

cycloserine to be more efficacious than some commonly used anti-TB drugs, including 

kanamycin and ethionamide (Ahmad et al., 2018). Terizidone, which is hydrolyzed pre-

systematically to two molecules of cycloserine (Court et al., 2018; WHO, 2015), was 

previously considered to be associated with less neurotoxicity than cycloserine, but a recent 

review demonstrated no significant safety difference between the two drugs (Hwang et al., 

2013).

There are limited systematically collected prospective data describing neuropsychiatric 

toxicity, including peripheral neuropathy, in patients treated for MDR-TB. Further, there are 

no existing data describing the association of cycloserine concentrations with incident or 

worsening neuropsychiatric events in TB patients. Studies reporting the effect of cycloserine 

concentrations on both microbial kill and resistance suppression have recently been 

published, including penetration of the drug into TB cavities and resistance arising therein 

(Deshpande et al., 2018; Dheda et al., 2018). Defining the relationship between cycloserine 

concentrations and neuropsychiatric toxicity, identifying exposure thresholds associated with 

specific neuropsychiatric events, and then comparing these thresholds to those associated 

with microbial kill and resistance suppression, will significantly contribute to dose 

optimization in the management of patients treated for MDR-TB.

A prospective observational study was conducted amongst hospitalized patients treated with 

a terizidone-containing regimen for rifampicin-resistant TB or MDR-TB, to determine risk 

factors, including cycloserine pharmacokinetic parameters, for neuropsychiatric toxicity. 
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Serial measurements were performed using standardized tools to detect treatment-emergent 

(or worsening on treatment) psychiatric disorders and peripheral neuropathy.

Methods

Study design and patient recruitment

A prospective observational study was performed in patients treated for MDR-TB at 

Brooklyn Chest Hospital and DP Marais Hospital in Cape Town. Patients who were 

diagnosed with pulmonary rifampicin-resistant TB or MDR-TB were recruited between July 

2015 and September 2017. Inclusion criteria included adults ≥18 years of age with 

confirmed pulmonary MDR-TB, initiated on standard MDR-TB treatment within the 

previous month. Critically ill patients and those unable to provide informed consent were 

excluded.

Treatment administered

During the study period, the standard regimen for MDR-TB in South Africa consisted of 

pyrazinamide, moxifloxacin, kanamycin, terizidone, and either ethionamide or isoniazid 

(depending on the presence of katG and inhA mutations identified by line-probe assay in the 

pre-treatment sputum culture, indicating high-level resistance to isoniazid or low-level 

resistance to isoniazid and resistance to ethionamide, respectively) (Caminero et al., 2010). 

Ethambutol was added if the risk of ethambutol resistance was considered low. High-dose 

pyridoxine (150 or 200 mg daily) was included as prophylaxis for terizidone-related 

pyridoxine deficiency, and the dose of terizidone was adjusted for weight as per national 

guidelines during the study period (Anon, 2021a). The dose of terizidone administered to 

participants is the same terizidone dose currently recommended by the WHO (WHO, 2019). 

Dosing was adjusted for renal dysfunction at the discretion of the treating physician.

Clinical follow-up for adverse events monitoring

Neuropsychiatric toxicity was evaluated at recruitment and monthly to 12 weeks using 

validated tools. The Brief Peripheral Neuropathy Rating Screen (BPNS) for peripheral 

neuropathy (Mehta et al., 2010) was used to rate neuropathic symptoms (pain, paresthesia, 

and numbness) on a numeral rating scale from 0 to 11 points. Neuropathy (incident or 

worsening) was defined as an increase in BPNS symptom score after recruitment of ≥2 

points for pain, numbness, or pins and needles (Mehta et al., 2010). A minimum of two 

serial neuropathy assessments per participant were therefore required for inclusion in the 

analysis. The BPNS objective clinical scores (i.e., ankle jerks and vibration sense) were not 

included in the analysis, as these assessments could not be reliably standardized due to a 

high turnover of study staff during the recruitment period.

The Kessler 10 scale (K10) and the Brief Psychiatric Rating Scale (BPRS) tool were also 

administered at recruitment and monthly to 12 weeks to screen for depression and psychosis, 

respectively (Andersen et al., 2011; Anon, 2021b). Participants who had a K10 or BPRS 

score on treatment of ≥20 or ≥32 were defined as having probable depression or psychosis, 

respectively; these cut-offs have previously been validated as predictive of these psychiatric 

events (Kessler, 2021; Etschel et al., 2005). Participants who had K10 and BPRS scores 
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above the identified threshold at the time of recruitment were considered to have treatment-

related depression or psychosis if their score had increased by ≥1 point on treatment. Where 

appropriate, adverse event severity was graded according to the Division of AIDS 

Classification (Division of AIDS, 2017).

Pharmacokinetics

Blood was drawn after a minimum of 1 week of therapy at six time-points over 10 h (pre-

dose, and 2, 4, 6, 8, and 10 h post-dose). A subset of patients had three additional blood 

samples drawn at 12, 24, and 26 h post-dose. An additional subset of patients had two 

pharmacokinetic sampling occasions. Liquid chromatography tandem mass spectrometry 

was used to obtain the cycloserine concentrations in plasma using a validated assay at the 

Division of Clinical Pharmacology, University of Cape Town (Court et al., 2018). The lower 

limit of quantification for plasma cycloserine was 0.313 μg/mL and the top of the validated 

range was 40.0 μg/mL (Court et al., 2018). Cycloserine concentration–time data were 

interpreted using non-linear mixed-effects modelling, as described previously for this cohort 

dosed with terizidone (Chirehwa et al., 2020). The final model was used to generate the 

steady-state 24-h cycloserine area under the concentration time curve (AUC0–24), trough 

concentration (C24), peak concentration (Cmax), and clearance.

Statistical analyses

Stata v.15 (StataCorp, TX, USA) was used to perform the statistical analysis. Factors 

associated with key neuropsychiatric adverse events were explored, including psychosis 

and/or depression and/or peripheral neuropathy, using a Cox proportional hazards regression 

model. The following potential covariates were selected a priori and evaluated in univariate 

models: sex, age, HIV status, previous exposure to anti-TB drugs, history of alcohol and 

recreational drug use respectively, and key cycloserine measures including AUC0–24, Cmax, 

Cmax >35 μg/mL, C24, and drug clearance. For the analysis of peripheral neuropathy, the 

following additional factors were included, which were also identified a priori as potential 

causes of, or predisposing factors for neuropathy: height, presence of diabetes, pyridoxine 

dose (150 vs 200 mg daily), and history of isoniazid and/or ethionamide use since treatment 

initiation of the current MDR-TB episode. Isoniazid and efavirenz use were added in the 

models exploring factors associated with psychosis and/or depression. Covariates with a P-

value of <0.2 in the univariate analysis were included in multivariate analyses for psychosis, 

depression, and neuropathy, respectively, and combined events, i.e., any psychiatric event 

(depression and/or psychosis) or any neuropsychiatric event (depression and/or psychosis 

and/or neuropathy). If more than one cycloserine pharmacokinetic measure had a P-value of 

<0.2 on univariate analysis, the pharmacokinetic measure with the strongest univariate 

association was included in the multivariate analysis. Incident or worsening neuropathy and 

depression and/or psychosis were evaluated over time using Kaplan–Meier failure analyses, 

and the two-sample Wilcoxon rank sum (Mann–Whitney) test was used to compare 

cycloserine AUC0–24, Cmax, C24, and clearance between participants who developed new or 

worsening peripheral neuropathy and those who did not. A P-value of <0.05 was considered 

as significant.
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Results

The clinical characteristics of the 144 participants recruited into the study are shown in 

Table 1. Cycloserine pharmacokinetic data were available for 132 (92%) participants, of 

whom 20 had two pharmacokinetic sampling occasions and eight had three additional blood 

draws to 26 h post-dose. For one participant, only the pre-dose cycloserine concentration 

was available. The pharmacokinetic results have been reported before (Chirehwa et al., 

2020). A one-compartment disposition model with absorption described by a transit 

compartment model and first-order elimination described the data well. Elimination of 

cycloserine was described using two pathways: renal and non-renal (Chirehwa et al., 2020). 

The renal pathway was driven by creatinine clearance, while the non-renal pathway included 

the effects of fat-free mass and smoking status. Other pharmacokinetic covariates included 

the effects of tablet crushing on the duration of absorption delay and fat-free mass on the 

volume of distribution (included via allometric scaling). Clearance varied between 

individuals, while bioavailability, absorption rate constant, and transit time varied between 

occasions.

The classification of key adverse events is shown in Table 2. Fifty-five of the 144 

participants (38.2%) developed at least one new or worsening neuropsychiatric event (30 

cases per 100 person-months), with peripheral neuropathy being the major contributor, 

affecting 50 (34.7%) participants (25 cases per 100 person-months). As a change in the 

BPNS score was used to define treatment-related peripheral neuropathy, it was not possible 

to grade neuropathy severity using the Division of AIDS Classification instrument (Division 

of AIDS, 2017). Fourteen participants who had only one neuropathy assessment at 

recruitment were excluded from the neuropathy time-to-event analysis. The median time to 

neuropathy was 42.5 days (interquartile range (IQR) 21–63 days); in comparison, the 

median time to depression and/or psychosis was 49.5 days (IQR 14–63 days). The median 

time to neuropathy in participants who were HIV-positive was 42 days (IQR 21–62 days) vs 

48 days (21–70 days) in those who were HIV-negative.

Figure 1 shows the time in days to neuropathy stratified by HIV status and Table 3 reports 

the covariates associated with neuropathy. Figure 2 shows the time to neuropathy in 

participants who were dosed with 200 mg pyridoxine daily as prophylaxis versus those who 

received 150 mg daily. The median time to neuropathy in participants dosed with pyridoxine 

200 mg daily was 38.5 days (IQR 21–55.5 days) versus 43 days (IQR 22–63 days) in 

participants dosed with 150 mg daily. Table 3 shows that increasing cycloserine AUC0–24 

was associated with the development of incident/worsening neuropathy in the univariate 

analysis, as were Cmax >35 μg/l, trough concentration, and total clearance. The significance 

of the association of cycloserine clearance with neuropathy remained significant (adjusted 

hazard ratio 0.31, P = 0.026) after adjusting for the effect of HIV and age. Pyridoxine dose 

was associated with incident or worsening neuropathy in both univariate and multivariate 

analyses (see Table 3). An analysis was performed to determine whether any of the 

covariates included in the final multivariate model modified the effect of cycloserine 

clearance on peripheral neuropathy, but no such modification was found. A comparison of 

the key cycloserine pharmacokinetic parameters in those who developed peripheral 

neuropathy versus those who did not is shown in Table 4.
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Eleven of the 144 participants (7.6%) developed either incident or worsening psychosis (5 

cases per 100 person-months) and 14 (9.7%) developed either incident or worsening 

depression (7 cases per 100 person-months). Altogether 21 (14.6%) of the 144 participants 

developed a psychiatric event (incident or worsening depression and/or incident or 

worsening psychosis), i.e. 10 cases per 100 person-months. Table 5 illustrates the 

relationship between the selected covariates and depression and/or psychosis, respectively. 

When exploring associations with individual psychiatric adverse events, none of the 

covariates explored, including HIV infection, age, and cycloserine measures, was associated 

with the incidence of new or worsening depression or psychosis.

Discussion

High rates of different neuropsychiatric events were identified in participants treated with 

terizidone for MDR-TB. The neuropsychiatric incident or worsening rate of 30 cases per 

100 person-months means that with the currently recommended dose of cycloserine, which 

is frequently co-administered with high-dose pyridoxine in MDR-TB treatment programmes 

to prevent neuropathy, a large proportion of patients will develop clinically important 

adverse events. The major contributor to the high rate of neuropsychiatric toxicity was 

neuropathy, with 25 cases per 100 person-months. Over a third of the participants in the 

study cohort developed new or worsening neuropathy during the first 12 weeks of MDR-TB 

treatment, which is higher than previously reported (Murray, 1956).

It was found that cycloserine exposure was associated with an 8% increase in the risk of 

developing peripheral neuropathy for each 100 μg.mL/h increase in cycloserine AUC0–24. 

Cycloserine Cmax and C24 were also significantly associated with neuropathy on univariate 

analysis, while cycloserine clearance was associated with neuropathy in both univariate and 

multivariate analyses. That cycloserine clearance retained its association in the multivariable 

model suggests that cycloserine pharmacokinetics are related to an increased risk of 

neuropathy independent of HIV and/or age, which might be associated with changes in 

bioavailability or distribution more than clearance. As all patients received high-dose 

pyridoxine, it was not possible to identify the risks of neuropathy associated with its use. 

However, patients prescribed the 200 mg daily dose had 2.78 times the risk of neuropathy 

compared to those on 150 mg daily (P = 0.012, in the adjusted analysis).

Cycloserine has infrequently been reported as a significant peripheral nerve toxin. Early 

cycloserine treatment reports either do not mention or report a low incidence of neuropathy 

(Kendig et al., 1956; Murray, 1956; Desmeules et al., 1957; Helmy, 1970; Storey and 

Mclean, 1957). More recently, cycloserine dosed as terizidone was shown to increase the 

incidence of neuropathy in MDR-TB patients, although the association was not statistically 

significant (Conradie et al., 2014). Conversely, reports of high-dose pyridoxine as a cause of 

peripheral neuropathy are emerging with increasing frequency. The effect appears to be 

dose-related, but the duration of treatment, even at lower doses, appears to be an important 

risk factor Dalton and Dalton, 1987; Ghavanini and Kimpinski, 2014; van Hunsel et al., 

2018; Lheureux et al., 2005; Parry and Bredesen, 1985). It is plausible that the high dose of 

pyridoxine intended to prevent neuropathy, rather than cycloserine, is responsible for the 

high incidence of peripheral neuropathy observed. The highest pyridoxine dose may have 

Court et al. Page 6

Int J Infect Dis. Author manuscript; available in PMC 2021 May 16.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



been prescribed for patients at risk of neuropathy or for patients with established neuropathic 

pain at baseline, thereby explaining the association observed. The dose of pyridoxine 

required to prevent isoniazid-related neuropathy (6–50 mg/day) is significantly lower than 

the 150–200 mg routinely prescribed to prevent cycloserine-related neuropathy in the study 

cohort (Van Der Watt et al., 2011). High-dose pyridoxine (>25 mg/day) was not found to 

improve overall vitamin B6 status over the standard 25 mg/kg dosage in patients treated with 

isoniazid for drug-sensitive TB (Centner et al., 2014).

On univariate analysis, increasing age was significantly associated with neuropathy, and 

HIV infection doubled the hazard for neuropathy; both are well-established risk factors for 

neuropathy (Simpson et al., 2002; Mold et al., 2004). The exposure–toxicity relationship of 

cycloserine with neuropathy was enhanced by the finding of an association of cycloserine 

clearance with neuropathy, which was significant on both univariate and multivariate 

analysis. The relationship with clearance (which has renal and non-renal components) also 

suggests that procedures that improve cycloserine clearance, such as hemodialysis, could be 

explored for roles in managing severe neuropsychiatric adverse events. The management of 

new or worsening peripheral neuropathy in patients treated with cycloserine should also 

include optimization of the pyridoxine dose. Previous alcohol or recreational drug use was 

not found to be associated with neuropathy. Data were collected on alcohol use via patient 

self-report, specifically enquiring about the quantity of alcohol consumed in the months 

leading up to the MDR-TB diagnosis. Alcohol consumption quantified by patient self-report 

has been shown to underestimate alcohol intake (Feunekes et al., 1999); it is therefore 

possible that the lack of an observed association between alcohol use and neuropathy may 

have been due to under-reporting.

The mechanism of cycloserine-induced neuropathy is understood to be a combination of 

pyridoxine antagonism by cycloserine and increased renal elimination of pyridoxine 

(Donald, 2010). Supplemental pyridoxine is included in many programmatic MDR-TB 

treatment regimens. The finding that cycloserine clearance itself was associated with adverse 

events also suggests that direct accumulation of the drug could have a neurotoxic effect, 

independent of pyridoxine renal elimination. An analysis was also performed to determine 

whether the use of isoniazid and/or ethionamide, which cause neuropathy via a similar 

mechanism (Ghavanini and Kimpinski, 2014), were associated with incident neuropathy, but 

no such association was found.

It is currently unknown what threshold cycloserine concentration is associated with incident 

or worsening neuropsychiatric events in patients treated for MDR-TB. The typical peak 

concentration range of cycloserine in patients receiving a dose of 250 mg or 500 mg is 20–

35 μg/mL (Alghamdi et al., 2019). An early study of cycloserine in the management of TB 

described psychotic symptoms in several patients with cycloserine concentrations >40 

μg/mL (Holmes et al., 1959). In a more recent report, a case of psychosis in an MDR-TB 

patient treated with cycloserine was reported with cycloserine concentrations >35 μg/mL 

(Hung et al., 2014). In the present study, it was found that patients with a cycloserine Cmax 

>35 μg/mL were approximately twice as likely to develop peripheral neuropathy on 

univariate analysis (hazard ratio 1.89, 95% confidence interval 1.04–3.44; P = 0.035).
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Psychosis and/or depression were not significantly associated with cycloserine exposure or 

any of the other covariates in this study. Although the study found a higher incidence of 

depression and psychosis than a pooled estimate of drug-related neuropsychiatric events in a 

recent review of neurotoxicity in patients treated with cycloserine or terizidone for MDR-TB 

(Hwang et al., 2013), the present study may have been underpowered to assess associations 

with cycloserine exposure. The relationship between cycloserine exposure and the incidence 

of any psychiatric adverse event was consequently explored by combining depression and 

psychosis, but no association was found (Table 5). No symptoms suggestive of possible 

psychosis or depression graded 3 or higher were observed (Table 2).

This study has several limitations. First, the participants in the cohort had multiple risk 

factors for neuropsychiatric toxicity (comorbidities, high-dose pyridoxine, and other drugs). 

Therefore, we cannot be certain that the neuropsychiatric toxicity observed was due to 

cycloserine exposure at all. Second, it was not possible to perform the neuropsychiatric 

assessments at treatment start, as most participants were referred to the TB hospitals from 

referral clinics or tertiary centers where MDR-TB treatment was initiated. Therefore, the 

onset of neuropathy and early psychiatric events occurring in the first weeks of treatment, 

before recruitment, may have been missed. The adverse event rate reported here is therefore 

likely to be an underestimate. Third, cycloserine exposure was assessed on one 

pharmacokinetic sampling occasion only, and therefore the possibility that changes in dose 

and/or exposure during the study period may have affected the observed incidence of 

neuropsychiatric toxicity cannot be excluded.

This study appears to be the first large prospective longitudinal study describing the 

association of cycloserine exposure with neuropsychiatric toxicity in patients treated for 

MDR-TB. The results of this study highlight the growing evidence that high-dose pyridoxine 

is toxic to peripheral nerves and, although the association should be confirmed, cycloserine 

should be considered as a cause of unexplained neuropathy in patients on treatment for 

MDR-TB. The relationship of neuropsychiatric adverse events with cycloserine 

concentrations and clearance provides clinicians with potential tools for use in managing 

patients with neuropsychiatric toxicity. Finally, the study findings support the role of 

therapeutic drug monitoring to lower cycloserine doses, and adjustment of dosing schedules 

for pyridoxine in patients treated for MDR-TB.
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Figure 1. 
Time to incident or worsening peripheral neuropathy stratified by HIV status in patients 

treated with terizidone for multidrug-resistant tuberculosis.
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Figure 2. 
Time to incident or worsening peripheral neuropathy stratified by pyridoxine dose in patients 

treated with terizidone for multidrug-resistant tuberculosis.
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Table 1

Clinical and demographic characteristics of 144 patients on treatment with terizidone for multidrug-resistant 

tuberculosis.

Characteristic Number (%) or median (IQR)

Number 144

Sex

 Male 86 (59.7%)

 Female 58 (40.3%)

Age, years 35.7 (29.7–43.8)

BMI, kg/m2 17.2 (15.6–18.9)

HIV status

 Positive 91 (63.2%)

 Negative 52 (36.1%)

 Unknown 1 (0.7%)

Diabetes 10 (6.9%)

Terizidone dose

 750 mg 108 (81.8%)

 500 mg 22 (16.7%)

 250 mg 2 (1.5%)

Pyridoxine dose

 200 mg 12 (8.3%)

 150 mg 121 (84.0%)

 Unknown 11 (7.6%)

Creatinine clearance, ml/min 99.2 (78.8–119.6)

Alcohol

 Use prior to recruitment 98 (68.1%)

 Never used 46 (31.9%)

Recreational drugs

 Use prior to recruitment 74 (51.4%)

 Never used 70 (48.6%)

Cycloserine AUC0–24, μg/mL 597.2 (425.7–762.7)

Cycloserine Cmax, μg/mL 33.5 (24.6–40.4)

 Cmax >35 μg/mL 67(50.8%)

 Cmax ≤35 μg/mL 65 (49.2%)

Cycloserine trough concentration (C24), μg/mL 16.8 (11.0–24.2)

Cycloserine clearance, l/h 0.8 (0.6–1.1)

IQR, interquartile range; BMI, body mass index.
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Table 4

Comparison of key pharmacokinetic measures in 132 participants with and without incident or worsening 

peripheral neuropathy treated with terizidone for multidrug-resistant tuberculosis.

Neuropathy
n = 47

No neuropathy
n = 85

P-value

AUC0–24, μg.ml/h 651.7 (516.2–803.5) 547.1 (395.3–726.0) 0.010

Cmax, μg/mL 38.1 (32.5–50.9) 33.5 (24.6–40.4) 0.006

C24, μg/mL 20.0 (14.8–25.8) 15.6 (9.7–22.8) 0.009

Clearance, l/h 0.7 (0.5–0.9) 0.9 (0.7–1.2) 0.002

The median value is shown with the interquartile range in brackets.
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Table 5

Covariates associated with new or worsening depression and/or psychosis in 144 patients treated with 

terizidone for multidrug-resistant tuberculosis.

HR (95% CI) P-value

Age 1.02 (0.98–1.07) 0.325

Sex 1.21 (0.48–3.07) 0.692

HIV 1.09 (0.43–2.77) 0.855

Previous TB treatment 0.78 (0.29–2.04) 0.608

History of alcohol use 0.99 (0.38–2.63) 0.999

History of recreational drug use 1.12 (0.46–2.76) 0.804

Isoniazid use 0.78 (0.23–2.69) 0.699

Efavirenz use 1.06 (0.43–2.65) 0.895

Cycloserine AUC0–24 (per 100 unit increase) 0.86 (0.71–1.05) 0.134

Cycloserine Cmax 0.97 (0.94–1.01) 0.160

Cmax >35 μg/mL 1.00 (0.40–2.52) 0.999

Trough concentration (C24) 0.96 (0.92–1.01) 0.161

Clearance, l/h 1.22 (0.38–3.94) 0.736

HR, hazard ratio; CI, confidence interval.
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