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Background: Contezolid (CZD) is an analog of Linezolid (LZD) that has demonstrated potent in vitro and in vivo activity against
tuberculosis (TB) while presenting a safer side-effect profile. In this study, we evaluated the early bactericidal activity (EBA) of CZD
compared to LZD, with LZD serving as a control.

Methods: Naive, smear-positive pulmonary TB patients were enrolled and randomly assigned to receive either a 14-day monotherapy
regimen of 600 mg LZD once daily (QD) or 800 mg CZD twice daily (BID). Sputum samples were collected daily starting one day
before treatment initiation and continuing throughout the treatment period. Each sample was processed for the enumeration of acid-fast
bacilli (AFB) colonies, and time-to-positivity (TTP) during MGIT960 liquid culture was recorded.

Results: A total of 10 eligible patients were enrolled in each treatment group, although one patient in the CZD group was later
excluded from the analysis. The early bactericidal activity (EBAO0-14) was 0.08 = 0.12 log CFU/mL/day (95% CI: —0.02 to 0.18 CFU/
mL/day) in the CZD group, compared to 0.03 + 0.10 log CFU/mL/day (95% CI: —0.05 to 0.10 CFU/mL/day) in the LZD group. The
increase in time-to-positivity (TTP0-14) was 38.6 + 43.69 hours (95% CI: —1.85 to 79 hours) in the CZD group and 27.7 + 78.21 hours
(95% CI: —28.15 to 83.75 hours) in the LZD group. LZD showed rapid bacterial reduction in sputum during the first two days of
treatment, whereas CZD demonstrated superior efficacy after a few days of treatment.

Conclusion: 800 mg BID contezolid exhibited comparable efficacy to 600 mg QD LZD in treating pulmonary TB in this EBA study.
While CZD showed slower initial bactericidal action compared to LZD, its efficacy surpassed that of LZD after a few days of
treatment. Given its similar efficacy and superior safety profile, contezolid may serve as an alternative to linezolid for the treatment of
tuberculosis.
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Introduction

Tuberculosis (TB), caused by Mycobacterium tuberculosis (Mtb), remains a significant global health threat. According to
the World Health Organization (WHO) Global Tuberculosis Report 2024," approximately 1.08 million new TB cases and
1.25 million TB-related deaths were recorded in 2023. Drug-resistant TB, particularly multidrug-resistant TB (MDR-TB)
and rifampin-resistant TB (RR-TB), is a growing concern, with an estimated 400,000 cases reported in 2023. MDR-TB,
defined by resistance to both isoniazid and rifampin, requires longer treatment durations, results in higher costs, causes
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more severe side effects, and leads to increased mortality compared to drug-susceptible TB. Despite the use of complex
and expensive regimens, the overall success rate of MDR-TB treatment remains below 70%. Thus, the development of
novel anti-mycobacterial drugs with improved safety, tolerability, and efficacy is crucial to combat drug-resistant TB.

Linezolid (LZD) is the first oxazolidinone antibiotic developed and exhibits potent activity against drug-resistant
Gram-positive bacteria.” It works by inhibiting bacterial protein synthesis through binding to the 23S rRNA of the
bacterial 50S ribosomal subunit, without cross-resistance to other antibiotics. LZD has proven in vitro and in vivo
efficacy against Mtb and is included by the World Health Organization (WHO) as a core drug for treating drug-resistant
TB.>~ Recent TB treatment regimens, such as BPaL.,*’ MDR-END?® and TB-PRACTUCAL,Q incorporate LZD,
achieving up to a 90% cure rate in MDR-TB and rifampin-resistant TB patients. However, LZD is associated with
significant adverse events, including bone marrow suppression, peripheral neuropathy, and optic nerve damage.'’
A meta-analysis found that 58.9% of patients on LZD regimens experienced adverse events, with 68.4% of these
classified as major, including anemia (38.1%), peripheral neuropathy (47.1%), gastrointestinal issues (16.7%), optic
neuritis (13.2%), and thrombocytopenia (11.8%)."" Among anti-TB drugs, LZD has the highest rate of permanent
discontinuation due to adverse events (14%). The incidence of these events is dose-dependent, with a higher frequency
observed when the daily dosage exceeds 600 mg.'? Although reducing the dosage to 300 mg/day may reduce side effects,
this adjustment only minimally mitigates adverse reactions.'® Therefore, there is an urgent need for LZD analogs that
maintain strong anti-TB efficacy while offering a better safety profile.

Several oxazolidinones, including tedizolid (TZD), sutezolid (SZD), delpazolid (DZD), and contezolid (CZD), have
been developed in recent years."*'” In 2021, the Chinese FDA approved CZD for treating Gram-positive bacterial
infections. While CZD shares a similar core structure with LZD, it has been shown to have reduced mitochondrial protein
synthesis inhibition (MPSi), which is linked to myelosuppression, as well as lower monoamine oxidase inhibition
(MAOi), which is associated with fewer drug-drug interactions. Studies have demonstrated that CZD exhibits compar-
able in vitro and in vivo anti-TB activity to LZD."®'® Notably, preclinical and clinical data suggest that CZD has a lower
risk of causing myelosuppression. Despite these promising findings, a direct evaluation of CZD’s efficacy in TB patients
has not been conducted, given the complexity of drug combinations used in TB treatment. Thus, in this study, we
performed an early bactericidal activity (EBA) evaluation of CZD alongside LZD to assess the in vivo efficacy of both
drugs against Mtb.

EBA assays are used to measure the rate at which drugs eliminate acid-fast bacilli (AFB) from sputum during the first
two days of chemotherapy. This allows for comparison between new and existing treatments, and helps in determining
effective dosing regimens.”® EBA reflects a drug’s ability to target actively metabolizing and rapidly multiplying
organisms in cavitary lesions. The concept of EBA has been extended to measure bacterial killing beyond the initial
two days, known as extended EBA, which serves as an early indicator of a drug’s sterilizing activity. Extended EBA can
provide insights into a drug’s capacity to eradicate slowly replicating, persistent bacilli and predict its potential to shorten
TB treatment duration.?’ In this study, both EBA and extended EBA were evaluated for LZD and CZD.

Method

Study Procedures
From June 2022 to April 2023, an open-label, active-controlled, randomized clinical trial evaluating EBA of CZD was
conducted at Beijing Chest Hospital (Beijing, China). The study protocol received approval from the Ethics Committee
of Beijing Chest Hospital, and written informed consent was obtained from all the participants prior to enrollment. This
study complied with the Declaration of Helsinki. The trial was registered at www.clinicaltrials.gov
(ChiCTR2100054786).

Adult patients aged 16—60 years with newly diagnosed smear-positive pulmonary TB, with a smear-positive grade of

>2+ according to the World Health Organization/International Union Against Tuberculosis and Lung Disease criteria,
were enrolled. All the participants had no prior history of anti-TB treatment and were free of serious underlying medical
conditions. A simultaneous positive Xpert MTB/RIF assay (Cepheid, USA) with a rifampin-sensitive result was required
at recruitment to confirm the presence of Mtb in sputum and to minimize the likelihood of severe drug resistance.
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Patients who were HIV-positive, pregnant, lactating, or hypersensitive to the tested drug were excluded. Participants were
randomly assigned to receive a 14-day single-drug treatment of either 600 mg QD linezolid (LZD; Pfizer
Pharmaceuticals Limited, USA) or 800 mg BID contezolid (CZD; Huahai Pharmaceuticals Limited, China). Upon
completion of the EBA study, all patients were transitioned to the standard anti-TB chemotherapy. Safety monitoring
involved routine observation of vital signs, as well as laboratory assessments of hematology at baseline, on day 3, day 8
during the treatment, and on day 15 which was the first day after the final dose.

Sputum Collection and Microbiological Methodology

Patients were hospitalized throughout the study period. Sputum samples were collected at baseline and daily during the 14-
day mono-drug treatment phase. Collections continued over a 16-hour period from 4pm to 8am the next day. Laboratory
staff performing the tests were blinded to treatment allocation. Sputum samples were processed as per the instruction of the
manufacturer of BACTEC MGIT 960 (Becton Dickinson). Briefly, sputum was digested with a mixture of N-acetyl-
L-cysteine and sodium hydroxide (NALC-NaOH), buffered with phosphate-buffered saline (0.067 M, pH 6.8), and then
concentrated by centrifugation. The resulting sediments were resuspended in phosphate-buffered saline. Serial ten-fold
dilutions ranging from 107" to 10™* were prepared and plated onto Middlebrook 7H10 agar (BD, USA). Plates were
incubated at 37°C for up to 42 days, with weekly examinations. Colonies were counted on plates yielding 20-200 visible
colonies. Data were reported as logl0 CFU (colony-forming units) per milliliter of undiluted sputum. Additionally, each
homogenized sediment was processed for MGIT960 liquid culture, and time-to-positivity (TTP) was recorded in hours.

Data Management

Early bactericidal activity (EBA _,) was calculated as the rate of fall for sputum CFU (expressed in log10 units) during
the labeled days of the study drug using the equation: EBA (logl0 CFU/mL S,- logl0 CFU/mL S,)/(y-x), where S, and
S, indicate colony counts of the given day, respectively. The mean standard deviation (SD) was calculated. The primary
efficacy endpoint was the EBA over 14 days measured by the daily rate of change of log;(CFU in sputum (EBA
CFUj_14). The rate of change was modeled using linear, bilinear, or multiple regression, depending on the best fit for the
data. EBA parameters were calculated as weighted averages across study intervals for each patient and then averaged
within each treatment group. Secondary endpoints, reflecting CFU reduction, included EBA_CFU days 0-2, EBA_CFU
days 0-7, EBA_CFU days 2-14, and EBA CFU days 7-14. EBA TTP was assessed similarly, based on the hourly
extension of time to positivity (TTP) over the relevant time intervals. The study was not powered for hypothesis testing;
exploratory comparisons between experimental groups were conducted using one-way ANOVA, and no statistical
comparison was made with the EBA of the control group on standard treatment.

Results

Patient Enrollment

Ten eligible patients were enrolled in each treatment group. One patient from the CZD group was excluded from the
efficacy analysis due to failure to cultivate acid-fast bacilli (AFB) colonies. Another patient in the CZD group withdrew
on day 8 due to hemoptysis, although their data from the first 7 days were included in the analysis. There were no
significant differences in demographic characteristics or clinical symptoms between the two groups (Table 1). Serial
monitoring during the 14-day EBA study showed no abnormal hematological changes (Table 2). Although RBC counts
were slightly lower in the CZD group on day 3 compared to the LZD group, this was deemed unrelated to the treatment.

EBA Outcomes

The mean baseline AFB concentration, expressed as log10 CFU/mL, was 3.74 + 0.92 for the LZD group and 3.97 + 0.98 for
the CZD group, with no significant difference between the groups (P > 0.05). The mean EBA0-2, EBA2-7, and EBAO-14
values for the LZD group were 0.05 + 0.29 log CFU/mL/day (95% CI: —0.16 to 0.25), 0.08 + 0.19 log CFU/mL/day (95% CI:
—0.05 t0 0.21), and 0.03 + 0.10 log CFU/mL/day (95% CI: —0.05 to 0.10), respectively. For the CZD group, the values were
—0.05 + 0.31 CFU/mL/day (95% CI: —0.25 to 0.24), 0.06 + 0.12 CFU/mL/day (95% CI: —0.06 to 0.16), and 0.08 £ 0.12 log
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Table | The Demographic Characteristics of the Enrolled Patients

Characteristic | Linezolid (N=10) | Contezolid (N=10) | Total (N=20)
Male/Female 6/4 6/4 12/8
Age 34.3£4.95 (21-59) | 51.2%0.71 (26-62) 42.75£9.90 (21-62)
Weight 56.8+6.36 kg 61.7+8.49 kg 59.25+12.73
BMI 19.82+0.46 22.63x1.12 21.22+4.09
Diabetes 4 3 7
Bilateral lesion 6 7 13
Cavity 7 6 13
Table 2 Outcomes of Serial Hematological
Examinations
Linezolid Contezolid | p-Value
HB 0.125
Baseline | 118.3x15.43 | 132.1£14.7]1 | 0.063
Day3 118.4£13.19 | 127.9+13.58 | 0.167
Day8 116.7+14.10 | 127.6+13.05 | 0.130
Dayl5 120.8+11.93 | 126.4+10 0.296
LEU 0.854
Baseline | 8+2.71 7.798+2.35
Day3 6.93+1.65 6.84612.19
Day8 6.555+1.58 6.588+2.56
Dayl5 6.783+1.92 6.511+1.99
PLT 0.624
Baseline | 332.6+67.95 | 359.6+88.65
Day3 359.6+54.76 | 360.9+95.59
Day8 360+77.42 349.6+87.05
Dayl5 290.8+62.18 | 325+96.14
RBC 0.095
Baseline | 4.289+0.45 4.618+0.30 0.060
Day3 4.286+0.34 | 4.505+0.21 0.038*
Day8 4225042 | 4.483+0.27 0.061
Dayl5 4.399+0.43 4.481+0.24 0.620

Note: *indicates p<0.05.

Abbreviations: HB, hemoglobin; LFU, leukocyte; PLT, platelet;

RBC, red

blood cell.

CFU/mL/day (95% CI: —0.02 to 0.18). The magnitude of CFU decrease during different time intervals is shown in Table 3.
Over the 14-day mono-drug therapy, the CFU decreased by 1.13 log CFU/mL in the CZD group, compared to 0.43 log CFU/
mL in the LZD group. The EBAO-2 and EBA2-7 values were greater in the LZD group, whereas the CZD group showed
greater extended EBA during the days 2—14 and 7-14 intervals.

Table 3 Bactericidal Activity of LZD and CZD Determined by CFU Decrease (logl 0CFU£SD) and
TTP Increase (Hour £SD)

Indicator | Drug Dayg_4 Day,_, Day, ; Day, 4 Dayy_4

EBA LZD,600mg,QD | 0.43%1.46 0.09+0.58 0.4+0.93 0.33+1.05 | —0.07%1.26
CZD,800mg,BID | I.13%1.65 —0.110.62 0.29+0.62 1.14£1.75 | 0.88+1.48

TTP LZD,600mg,QD | 27.8+78.21 | 21.20+59.88 1.0£69.18 6.6+81.84 | 5.6+85.33
CZD,800mg,BID | 38.6+43.69 | —34.89+106.96 | 49.56+65.04 | 70+£102.38 | 27.25+44.97

2 6 4 https:
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Figure | Bilinear regression of the fall in mean log,o CFU from baseline.

Bilinear regression analysis identified the best fit for the data, with inflection points occurring at 9 days for LZD and
10.5 days for CZD (Figure 1). During the day 0-9 period, the CFU decrease slope for LZD was —0.1191, shifting to
—0.0019 from day 9—14. For CZD, the slope was —0.05465 during days 0—10 and —0.22388 during days 10-14. After day
13, the CFU decrease rate for CZD surpassed that of LZD.

TTP Outcomes

The increase in EBA TTP (014 days) was 38.6 & 43.69 hours (95% CI: —1.85 to 79 hours) for the CZD group and 27.8 +
78.21 hours (95% CI: —28.15 to 83.75 hours) for the LZD group (Table 3). The LZD group exhibited a more rapid
increase in TTP during the initial 2 days (TTPO0-2) and days 2—7 (TTP2-7) compared to the CZD group. However, the
trend reversed in the longer monitoring period, with CZD showing a greater increase in TTP during the later stages,
particularly for EBA TTPq_14, TTP;,.14, and TTP;_14 (Table 3).

Bilinear regression analysis was applied to assess changes in TTP (Figure 2). The inflection points occurred at 2 days
for LZD and 10 days for CZD. For LZD, the slope of TTP increase from day 0-2 was 13.663, which decreased to 1.391
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Figure 2 Bilinear regression of the mean daily TTP (h) in liquid culture.
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from day 2—14. In contrast, the CZD group showed a slope of 2.539 from day 0-10, which increased to 5.934 from day
10-14. After day 13, the TTP increase in the CZD group exceeded that of LZD.

Discussion

Assessing the efficacy of a single anti-TB drug in clinical trials is challenging due to the multi-drug regimens used in TB
treatment and the prolonged therapy duration. Typically, new anti-TB drugs are evaluated by incorporating them into
multi-drug regimens, often compared with a placebo or a standard drug. However, this approach is costly, labor-intensive,
and may not accurately reflect the efficacy of an individual drug. Animal models are another option but are expensive and
may not fully replicate human disease conditions. An alternative is the early bactericidal activity (EBA) study, which is
a practical and cost-effective method for evaluating the early efficacy of a drug. EBA studies require fewer cases and
a shorter duration, making them an ideal tool for assessing both efficacy and short-term toxicity, as well as guiding dose
selection for further trials.

Traditional EBA studies for TB have focused on a 2-day period, but this has been extended to 14 days to assess drugs
that require a longer duration to reach full efficacy, such as PZA and TMC207.°*** While 2-day studies are limited in
their ability to assess sterilizing activity, 14-day EBA studies, when analyzed using regression models, can predict
a drug’s sterilizing efficacy and its potential to shorten treatment duration and prevent relapse.”* As a result, EBA
outcomes are now analyzed for both the initial 2 days and subsequent periods.

In this study, the EBA of LZD during the first 2 days (EBAy.,) was 0.05 £ 0.29 log CFU/mL/day, which is lower than
the 0.18 + 0.27 log CFU/mL/day reported by Dietze et al, likely due to their higher baseline bacterial load in sputum.?
However, the EBA from days 2—7 (EBA2-7) was similar between the studies, with values of 0.09 + 0.17 log CFU/mL/
day in Dietze et al’s study compared to 0.08 + 0.12 log CFU/mL/day in our study. Dietze et al conducted their study over
7 days with two dosing regimens (600 mg QD and 600 mg BID). The 600 mg BID regimen yielded an EBAO-2 of 0.26 +
0.42 log CFU/mL/day and an EBA2-7 of 0.04 £ 0.11 log CFU/mL/day. A separate study in South Korea with LZD
600 mg BID showed CFU reduction only during the first 2 days, with no significant change in the later intervals (days
2-7, days 2—14, and days 0-14).%° These results align with our findings for LZD 600 mg QD, indicating rapid AFB
killing in the early days, followed by a diminished effect and an increase in AFB counts in subsequent days.

In our study, the 800 mg BID CZD group demonstrated superior EBA over 14 days (EBAO-14: 1.13 vs 0.43 for
LZD). Our previous research showed that CZD had faster and stronger intracellular bactericidal activity against Mtb
compared to LZD, supporting CZD’s potential for superior in vivo efficacy.'® Interestingly, despite being chemical
analogs, CZD and LZD displayed differing activity profiles in both early and extended EBA. LZD showed superior EBA
during the first 2 days and days 2—7, while CZD outperformed LZD in the later periods (days 2—14 and days 7—14). These
findings suggest that LZD may be more effective at rapidly killing active AFB in the early stages, while CZD
demonstrates better sterilizing activity over a longer duration, potentially shortening the overall treatment course.

The TTP results mirrored the EBA findings. LZD exhibited a greater increase in TTP from day 0-2, but CZD
eventually exceeded LZD in the later stages. The inflection points for both drugs were similar (9 days for LZD vs 10 days
for CZD), and the overall trends in CFU reduction and TTP elongation were consistent. CZD proved having a more
favorable safety profile compared to LZD, with a lower incidence of myelosuppression and no significant effects on the
QT interval at the tested dose (800 mg/day).”” ?° In a 28-day trial, neither the 800 mg BID nor 1200 mg BID dosing
caused serious adverse events, further supporting the safety of CZD.?>**! Our study manifested that 800 mg BID CZD
having non-inferior Mtb killing activity to that of 600 mg QD LZD. Future studies should investigate whether lower
doses of CZD can achieve similar EBA efficacy.

This study has several limitations. First, it was an open-label trial, though random assignment was used for treatment
allocation, and laboratory staff remained blinded. Second, the CFU enumeration process is labor-intensive and suscep-
tible to variability, which may affect reproducibility. Finally, while EBA studies typically enroll 812 patients per

group,?>*?73* the small sample size in this study may introduce bias and limit the generalizability of the results.

266 https: Infection and Drug Resistance 2025:18



Jiang et al

Conclusion

This study suggests that 800 mg BID CZD demonstrates more sustained AFB-killing activity compared to 600 mg QD
LZD in the treatment of pulmonary tuberculosis. With its superior safety profile, CZD holds promise as a viable
alternative to LZD for TB treatment. Further investigation is warranted to explore the efficacy of lower doses of CZD,
particularly in multidrug-resistant TB.
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