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Background: We aimed to determine the effectiveness and safety of the Levofloxacin-containing regimen that the World Health Organization is currently recommending for the treatment of Isoniazid mono-resistant pulmonary Tuberculosis.

Methods: Our eligible criteria for the studies to be included were; randomized controlled trials or cohort studies that focused on adults with Isoniazid mono-resistant tuberculosis (HrTB) and treated with a Levofloxacin-containing regimen along with first-line anti-tubercular drugs; they should have had a control group treated with first-line without Levofloxacin; should have reported treatment success rate, mortality, recurrence, progression to multidrug-resistant Tuberculosis. We performed the search in MEDLINE, EMBASE, Epistemonikos, Google Scholar, and Clinical trials registry. Two authors independently screened the titles/abstracts and full texts that were retained after the initial screening, and a third author resolved disagreements.

Results: Our search found 4,813 records after excluding duplicates. We excluded 4,768 records after screening the titles and abstracts, retaining 44 records. Subsequently, 36 articles were excluded after the full-text screening, and eight appeared to have partially fulfilled the inclusion criteria. We contacted the respective authors, and none responded positively. Hence, no articles were included in the meta-analysis.

Conclusion: We found no “quality” evidence currently on the effectiveness and safety of Levofloxacin in treating HrTB.

Systematic review registration: https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42022290333, identifier: CRD42022290333.
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Introduction

Tuberculosis (TB), one of the important public health problems worldwide, affected 10 million people and killed 1.5 million individuals across the globe in 2020 (1). Drug-resistant Tuberculosis (DR-TB) is a major challenge for TB control and elimination. Multidrug resistance/ Rifampicin resistance (MDR/RR-TB) was found in 3–4% of new TB patients and 18–21% of previously treated cases in 2020, according to the World Health Organization (WHO) (1). WHO estimated that between 1995 and 2013, 9.5% of TB cases globally had Isoniazid resistance without Rifampicin resistance. The global average of Isoniazid resistance was 8.1% among newly diagnosed and 14% among previously treated patients (2). Isoniazid mono-resistance was found in 12% of pediatric cases globally, accounting for 120,000 new cases annually, reflecting the percentage observed among new adult cases (3). Unfortunately, Isoniazid mono-resistant TB (HrTB), a widely prevalent DR-TB, has not drawn similar attention as MDR TB in TB research and control strategies.

India's national TB report (2022) showed a cure rate and success rate of 55 and 83%, respectively, in patients with H-mono/poly resistance TB (4). Studies across the globe have reported outcome rates of 7–44% among these patients treated with first-line drugs. Isoniazid resistance is not only a risk for poor treatment outcomes but also predisposes to MDR-TB and polydrug resistance (5). A recent meta-analysis has shown that Isoniazid resistance reduced the probability of treatment success and increased the risk of relapse and progression to MDR-TB. Acquired drug resistance was 5.1 times (95% CI 2.3–11.0) higher among patients with Isoniazid resistance than patients with drug-susceptible Tuberculosis (6, 7).

In 2019, the WHO issued a conditional recommendation for a 6-month combination of Rifampicin, Ethambutol, Pyrazinamide, and Levofloxacin to treat patients with HrTB, based on data from 15 trials with a limited sample size. According to WHO, adding fluoroquinolones to a standard treatment regimen with or without Isoniazid improved treatment success while having no significant effect on mortality or acquired drug resistance (8). Subsequently, in 2019, Stagg et al. did a retrospective study and found no significant difference in adverse outcomes among HrTB patients treated with or without fluoroquinolones (9). Another school of thought suggests that fluoroquinolone is not required if HrTB patients are given a longer duration of treatment of 12 months (10). The argument against adding fluoroquinolone is based on the anticipated risk of introducing additional drug resistance when HrTB progresses into MDR- TB. It is also important to note that Rifampicin resistance was initially missed in 7.6% of HrTB patients (11).

Current evidence lacks clarity on the treatment regimen for HrTB. There is also uncertainty about the effectiveness of Levofloxacin on the treatment outcomes. We conducted this systematic review to determine the effectiveness of Levofloxacin containing first-line anti-tubercular drugs (ATT) in treating Isoniazid mono-resistance pulmonary TB.



Methods


Protocol and registration

We designed a systematic review and meta-analysis per preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) guidelines. We registered our protocol with the International Prospective Register of Systematic Reviews (PROSPERO) (CRD42022290333) (12, 13).



Inclusion criteria

The eligible criteria were designed using PICO (participants, intervention, comparator and outcome) and included randomized control trials (RCTs) and cohort studies with exposed (received levofloxacin) and unxposed group (without levofloxacin). We included studies published in any language and from any country. We excluded case reviews, ecological studies, case-control, cross-sectional and other study designs. We focused on the studies that included adults (≥15 years) with HrTB on daily or intermittent anti-TB regimens with or without comorbid illnesses, either managed as in-patient or outpatient (P). The patients included in the studies must have been treated with Levofloxacin and a combination of the first-line ATT drugs (Rifampicin, Ethambutol, Pyrazinamide, Isoniazid), excluding the injectable drug streptomycin (I). The studies must have had a control group, or unexposed group in the case of cohort studies. They should have been treated with any combination of the first-line ATT drugs (Rifampicin, Ethambutol, Pyrazinamide, Isoniazid) but without Levofloxacin (C). Our outcomes of interest were; treatment success rate at the end of the treatment, mortality, recurrence, progression to MDR-TB and additional drug resistance during or after the treatment, and adverse outcomes (O).



Data source and search strategy

We performed the search in MEDLINE (via PUBMED), EMBASE, Epistemonikos, Google Scholar, Clinical trials registry, and Cochrane Central Registrar of Controlled Trials (CENTRAL) in Cochrane library from January 1, 1990, to September 2021. We did not include studies published before 1990 as Levofloxacin was not used for TB treatment earlier. The search strategies (Supplementary material 1) were developed based on our PICO, and information specialists did the literature search. We also manually searched the reference list of the selected articles for additional studies missed during the initial electronic search. The bibliographies of all full-text articles and previous systematic reviews [Stagg et al. (14), Georgia et al. (15), and Fregonese et al. (16)] on HrTB outcomes were also examined for potential articles.



Data collection
 
Study selection

Titles/abstracts provided by the search experts (JP/SS) were imported to the Rayyan software, and duplicates were excluded. Two independent reviewers (JD/VA) screened the titles and abstracts using our PICO criteria and shortlisted potential publications for detailed assessment. Two reviewers (JD/VA) further analyzed the shortlisted articles independently and documented specific reasons for exclusion. Discrepancies were resolved along with a third investigator (LR). All decisions made during the selection process were recorded and presented in a PRISMA flow diagram (Figure 1).
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FIGURE 1
 PRISMA flow diagram.


We reviewed the primary data in the supplementary available, and if not available, we sent requests for primary data. We sent three additional reminder e-mails once a fortnight and waited for a reply from the authors for a maximum of 45 days after the first e-mail.



Data extraction

Two of our independent reviewers (JD/VA) planned to extract the data from the included studies into a data extraction form (Supplement material 2). We also proposed to have a third reviewer (LR) to resolve the discrepancies.



Risk of bias assessment

The plan was to assess publication bias by plotting effect estimates from included studies on a funnel plot and will utilize Begg's or Egger's Test (17, 18). We planned to assess cohort studies using the Newcastle-Ottawa Scale and Cochrane risk of bias tool 2.0 for RCTs (19, 20).

The studies were planned to categorize into three groups depending on the level of bias: low, medium or high risk of bias. We proposed assessing the quality of the evidence using the Grades of Recommendation, Assessment, Development and Evaluation (GRADE) methodology by two independent reviewers (21). However, no articles were included, and the risk of bias assessment was not done.




Statistical analysis

We aimed to perform analyses according to the recommendations of the Cochrane Handbook for Systematic Reviews of Interventions using Review Manager 5.4 (RevMan5.4) software (22). We intended to record the mean, standard deviation and total participants for continuous outcomes such as “cured' and treatment completed” in both treatment and control groups and perform analyses using standardized mean difference. We planned to record the number of events and total participants for dichotomous outcomes such as mortality, relapse and toxicity and pool the data using a risk ratio (RR) with 95% CI.

We proposed to use the fixed-effect model for dichotomous data (Mantel-Haenszel method) and the inverse variance method for continuous data (23). The plan was to assess the heterogeneity of treatment effects between trials using the I2 statistic and visual examination to quantify the statistical heterogeneity. We also scheduled to do sub-group analysis for TB with HIV, TB with diabetes mellitus, newly diagnosed and previously treated TB, treated with an intermittent or daily regimen, and low or high phenotypic resistance. Data was not extracted because there were no included studies; hence statistical analysis was not performed.



Operational definitions

Operational defintions were taken from WHO's Definitions and reporting frame work for TB (24).

Treatment success: Sum of cure rate and treatment completion.

Cure: “A pulmonary TB patient with bacteriologically confirmed TB at the beginning of treatment who was smear- or culture-negative in the last month of treatment and on at least one previous occasion.”

Treatment completed: “A TB patient who completed treatment without evidence of failure, but with no record to show that sputum smear or culture results in the last month of treatment and on at least one previous occasion were negative, either because tests were not done or because results are unavailable.”

Treatment failure: “A patient who is sputum culture positive at 5 months or later during treatment.”

Died: “A TB patient who dies for any reason before starting or during the course of treatment.”

Default/ Loss to follow-up: “A patient who did not start treatment or whose treatment was interrupted for two consecutive months or more.”

Not evaluated: “A patient for whom no treatment outcome is assigned. This includes cases ‘transferred out' to another treatment unit as well as cases for whom the treatment outcome is unknown to the reporting unit.”

TB recurrence: Defined as “the presence of a new episode of TB disease in a TB patient who was declared cured or treatment completed and remained TB disease-free for a minimum of 6 months after the end of the most recent anti-TB treatment. This includes bacteriologically confirmed cases and clinically diagnosed cases.”




Results

We found no RCT or cohort studies fitting our inclusion criteria. No ongoing trials or cohort studies are fulfilling our inclusion criteria. Our search in MEDLINE, EMBASE, Cochrane Database of systematic review, and Google Scholar yielded 6,757 records, and we collected 12 records from other sources. After removing duplicates, 4,813 records underwent titles and abstracts screen (Figure 1). We excluded 4,768 records and retained 44 records for full-text screening. Two reviewers screened these 44 records, and all of them were excluded. The reason for exclusion and study characteristics are described in Table 1. Though none of the records fully matched our inclusion criteria, eight articles partially fulfilled the inclusion criteria. For clarifications, we contacted the respective authors of those nine studies by e-mail and followed it with three reminders fortnightly. However, none responded positively, and hence we did not include them (Table 2).


TABLE 1 Characters of excluded study with reasons for exclusion.
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TABLE 2 Summary of current evidence on the effectiveness of Levofloxacin in the treatment of HrTB.
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Risk of bias in included studies

No included studies.



Effects of intervention

No data available.




Discussion

All the records retained for full-text review were excluded, and we discussed a few studies that closely matched our PICO. Cornejo Garcia et al. did a retrospective analysis of HrTB patients in Peru from 2012 to 2014. Of 947 patients assigned treatment outcomes, 791 received Levofloxacin (Levofloxacin, Rifampicin, Ethambutol, and Pyrazinamide), and 156 received an injectable in addition to Levofloxacin (Levofloxacin, Rifampicin, Ethambutol, and Pyrazinamide plus second- line injectable). The cure proportion was almost similar in both groups (34.4 vs. 34.6%). However, the mortality was lower in the group only with Levofloxacin (0.8 vs. 7.1%), and additional use of second-line injectable with Levofloxacin was associated with higher odds of [Odd's ratio (OR): 0.46; 95% CI 0.31–0.70, p < 0.05] unfavorable outcomes. This study included even extra pulmonary HrTB and did not compare the effectiveness with first-line ATT without Levofloxacin (56).

When 75 of 140 patients with HrTB received fluoroquinolones (FQ), there was a significant difference in treatment response in terms of chest X-ray improvement (69.2 vs. 48 %, p 0.01) and negative conversion in sputum AFB smears (59.3 vs. 31.3%) compared to those who did not receive FQ. Patients treated with FQs had a decreased crude (8.5 vs. 15.4%, p 0.01) and adjusted proportion (1.5 vs. 7.4%, p 0.037) of unfavorable outcomes. However, in this retrospective analysis between 2005 and 2012, the patients with the FQ regimens were on treatment for a longer duration, and several different regimens were used, limiting the effective comparison between the two groups. FQ group had received either moxifloxacin or Levofloxacin exclusively. Moreover, Isoniazid was discontinued in 84.3% (118/140) patients after a median of 2.1 months, which could have contributed to favorable outcomes (59).

Another retrospective analysis from South Korea compared treatment regimens between patients with Isoniazid resistant and susceptible Tuberculosis and reported a significant difference in the reduction of unfavorable outcomes when the latter group was treated with continuing Pyrazinamide and/or adding a FQ. The former group had a more smear-positive rate and was treated by discontinuing Pyrazinamide with or without Ethambutol. However, the sample size was too small (86 TB patients), and these unfavorable outcomes were not bacteriologically confirmed, and it was impossible to validate the diagnosis as it was a retrospective analysis (58).

Thirty-six (90%) patients were found to have been treated successfully when 111 patients with mono and poly resistance to HrTB were analyzed retrospectively in Denmark. The most common regimen used was the modified standard HREZ (Isoniazid (H), Rifampicin (R), Ethambutol (E), Pyrazinamide (Z)) given for 6 months as 3RE(H)Z/3RE(Z) or FQ along with REZ (61). FQ (Levofloxacin, Moxifloxacin, or Gatifoxacin) containing regimen had no relapse compared to 30 different regimens without FQ when 165 patients with HrTB were analyzed in Canada. The variety of treatment regimens received in this cohort played a considerable limitation to draw conclusions on the effectiveness of the FQ-containing regimen for treating HrTB (60).

On the contrary, of 69 patients who were initiated on FQ containing regimen, there was no difference in unsuccessful treatment outcomes compared to non-FQ-containing regimens (5.8 vs. 13.8%, OR 0.4; 95% CI 0.1–2.3, p- 0.23). This analysis included 168 patients with pulmonary and extrapulmonary and those who received moxifloxacin and Levofloxacin in Canada. Moreover, FQ was used intermittently during the continuation phase (57).

Similarly, Kawak et al. did not find significant differences in favorable outcomes between FQ group and the non-FQ group in South Korea when they analyzed the outcomes of 195 patients with HrTB. FQ was probably administered (36.3%) to patients with extensive disease or severe adverse reactions as the patients were included from 2005 before WHO's revised guidelines. Additionally, as in the studies mentioned above the sample size was too small, so the association between treatment and the outcomes was limited (64). In a recent study of 626 HrTB patients, Stagg et al. found no significant difference in the odds of conversion to negative sputum AFB smears between the two groups (cluster-specific OR 1.02; 95% CI 0.59–1.77; p-0.93). The authors reported on the outcomes of 594 patients for whom regimen information was available, 330 of whom were treated with (H)RfZE (Rf- rifamycins) and 211 with (H)RfZE and FQ (Moxifloxacin) (9).

Though the intervention of our interest was Levofloxacin, most of these retrospective analyses had a mix of patients with pulmonary and extrapulmonary TB who received different fluoroquinolones (Levofloxacin, moxifloxacin or gatifloxacin). It is likely that there are not enough observational studies and RCTs as the recommendation of the WHO to include Levofloxacin only in 2018 (8). The recommendation was based on individual participant data (IPD) meta-analysis of 5,418 patients from 33 global data sets. The WHO reported that when Z was given for >4 months, additional use of FQ was associated with higher odds of treatment success. The recommendations were with very low certainty of the evidence, and Levofloxacin was proposed as a first choice due to its safety profile and fewer known drug interactions compared to moxifloxacin. Similarly, there is no contraindication for Levofloxacin when used with other antiretroviral drugs, unlike moxifloxacin.

Fluoroquinolones, particularly Levofloxacin, have played an essential role in treating drug-resistant Tuberculosis, such as HrTB and MDR-TB. WHO guidelines based on individual participant data (IPD) meta-analysis and a few observational studies have shown better outcomes with levofloxacin in HrTB. However, currently, there is no sufficient evidence on the safety and efficacy of Levofloxacin in treating HrTB. Since the question of effectiveness and safety could be answered precisely through RCTs, we hope robust RCTs are planned in the future, and we will be able to generate evidence for the practice in the future. We found a good number of retrospective observational studies. However, we could not perform a meta-analysis since neither the comparator arm nor the intervention were of our interest.

Our systematic review had robust methodology, however had a few limitations. We extracted articles from four databases, and few more additional data bases could have yielded more articles. We had a strict inclusion and exclusion criteria, probably one of the reasons that we did not find any articles that were suitable to be included in the review.



Conclusion

Our review calls for well-designed randomized control trials and robust prospective pragmatic studies to determine the effectiveness of the use of Levofloxacin in HrTB and long-term follow up studies to evaluate the treatment success and TB recurrence.
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