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Abbreviations used in the Thesis 

AADAC arylacetamide deacetylase 
ABCB1 adenosine triphosphate-binding cassette subfamily B member 1 
ADR adverse drug reaction 
Anti-TB DILI anti-tuberculosis drug-induced liver injury 
ATP adenosine triphosphate 
AUC area under the time-concentration curve 
BMI body mass index 
Cmax peak concentration 2 hours post-dose 
CRP C-reactive protein 
CRPb C-reactive protein levels measured before initiating  

anti-tuberculosis therapy 
CRP10–12d C-reactive protein levels measured 10–12 days after initiating  

anti-tuberculosis therapy 
Ctrough trough concentration 
CYP3A cytochrome P450 family 3 subfamily A 
CYP3A4 cytochrome P450 family 3 subfamily A member 4 
DILI drug-induced liver injury 
DNA deoxyribonucleic acid 
DS-TB drug-susceptible tuberculosis 
ETB ethambutol 
HIV human immunodeficiency virus 
IL-1β interleukin-1 beta 
IL-6 interleukin-6 
INH isoniazid 
LC-MS/MS liquid chromatography-tandem mass spectrometry 
MIC minimal inhibitory concentration 
M. tuberculosis Mycobacterium tuberculosis 
N number of patients 
NAT2 N-acetyltransferase 2 
NGS next-generation sequencing 
NR1I2 nuclear receptor subfamily 1 group I member 2 
OATP1B1 organic anion transporting polypeptide 1B1 
OATP1B3 organic anion transporting polypeptide 1B3 
Pgp P-glycoprotein 
PGx pharmacogenetics 
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PK pharmacokinetics 
PXR pregnane X receptor 
PZA pyrazinamide 
RIF rifampicin 
SLCO1B1 solute carrier organic anion transporter family member 1B1  
SLCO1B3 solute carrier organic anion transporter family member 1B3 
TB tuberculosis 
TDM therapeutic drug monitoring 
TNF-α tumour necrosis factor alpha 
tSCC time to sputum culture conversion 
WHO World Health Organization 
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Introduction 

With a global incidence of 10–12 million people and a mortality of 1–2 million people 

annually over the past decade, tuberculosis (TB), a seemingly preventable and curable 

infectious disease, is an alarming public health problem even in the era of advanced medical 

technologies (World Health Organization [WHO], 2024). The majority of patients initially 

present with drug-susceptible tuberculosis (DS-TB) and accordingly receive  

the WHO-recommended four- or six-month treatment regimen (WHO, 2022a, 2024). In most 

countries within the WHO European Region, including Latvia, the latter regimen with  

a four-drug combination – namely rifampicin (RIF), pyrazinamide (PZA), isoniazid (INH), and 

ethambutol (ETB) – appears to be superior in terms of accessibility and provides a cure rate of 

up to 88 % (Masini et al., 2022; Günther et al., 2023; WHO, 2024).  

To date, many investigators have reported substantial variability in  

the pharmacokinetics (PK) of the four aforementioned anti-TB drugs when administered at 

standard doses (Fahimi et al., 2013; Pasipanodya et al., 2013; Prahl et al., 2014; Kloprogge  

et al., 2020; Ramachandran et al., 2020). The importance of maintaining anti-TB drug exposure 

within therapeutic ranges lies in the fact that each drug exhibits a distinct mechanism of action 

and penetrates heterogeneous tuberculous lesions to varying extents. This enables the drugs to 

target Mycobacterium tuberculosis (M. tuberculosis) at different stages of replication  

(Sirgel et al., 2000; Prideaux et al., 2015; Strydom et al., 2019; Ignatius & Dooley, 2023). 

Consequently, reduced exposure to anti-TB drugs has been recognised as a reason for delayed 

treatment responses and treatment failures, including the development of drug-resistant forms 

of the disease that are difficult to treat, requiring an immediate transition to extended regimens 

with second-line drugs (Pasipanodya et al., 2013; Prahl et al., 2014; Kloprogge et al., 2020; 

Ramachandran et al., 2020).  

Prahl et al. (2014) studied the effect of anti-TB drug plasma exposure from a different 

perspective; they established a relationship between INH exposure and the degree of  

TB-associated inflammation during the first two months of anti-TB therapy, i.e. the intensive 

treatment phase. Typically, serum C-reactive protein (CRP) levels complement the disease 

severity at diagnosis and begin to decline after the first weeks of treatment, reflecting  

the gradual clearance of M. tuberculosis (Djoba et al., 2008; Miranda et al., 2017; Wilson et al., 

2018; Azam et al., 2022). Several authors have highlighted it as a promising biomarker for 

monitoring the bacteriological response and predicting adverse treatment outcomes  

(Djoba et al., 2008; Miranda et al., 2017; Wilson et al., 2018; Azam et al., 2022). Nevertheless, 

the impact of anti-TB drug exposure on the patterns of serum CRP level reduction  

and the clinical relevance of these findings has not been further explored. 
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Concerning the safety of a six-month regimen for treatment of DS-TB, nearly a third of 

treated patients experience drug-induced liver injury (DILI), manifesting as an asymptomatic, 

transient elevation of liver enzymes in mild cases or acute liver failure and death in  

the worst-case scenarios (Devarbhavi et al., 2013; Chen et al., 2015a; Zhuang et al., 2022).  

This adverse drug reaction (ADR) has been attributed to the hepatotoxic properties of RIF, 

PZA, and INH, whether used alone or in combination (Chen et al., 2015a; Zhuang et al., 2022). 

Although doses at the upper end of the recommended range and higher exposure are known to 

trigger anti-tuberculosis drug-induced liver injury (anti-TB DILI), the complex nature of this 

ADR is still poorly understood (Satyaraddi et al., 2014; Chen et al., 2015a; Zheng et al., 2021; 

Zhuang et al., 2022).  

Apart from patient-dependent factors such as age, biological sex, and comorbidities, 

which are often mentioned when discussing differences in anti-TB drug exposure and  

the development of DILI, an important consideration is gene variants altering the function of 

drug-metabolising enzymes and transporters (McIlleron et al., 2006; Nijland et al., 2006; Yimer 

et al., 2011; Chen et al., 2015a; Zhuang et al., 2022). The impact of pharmacogenetic (PGx) 

variability on drug efficacy and safety has been well demonstrated in other therapeutic areas. 

For example, Manolopoulos et al. (2010) have estimated that variants in the genes encoding 

cytochrome P450 family 2 subfamily C member 9 and vitamin K epoxide reductase complex 

subunit 1 may account for 35–50 % of the variation in the warfarin dose. Similarly, more than 

60 % of statin-induced myopathy cases are linked to variants in the solute carrier organic anion 

transporter family member 1B1 (SLOC1B1) gene encoding organic anion transporting 

polypeptide 1B1 (OATP1B1) (SEARCH Collaborative Group et al., 2008). In the context of 

the present work, only the N-acetyltransferase 2 (NAT2) encoding gene is considered of 

significant PGx importance due to extensive evidence of a genotype-phenotype relationship, at 

least in part, explaining INH-related hepatotoxicity (McDonagh et al., 2014; Chen et al., 2015a; 

Zhuang et al., 2022; Ulanova et al., 2024). Other findings regarding the effect of patient genetic 

background on variability in anti-TB drug exposure and treatment-related hepatotoxicity 

remain controversial (Chigutsa et al., 2011; Wang et al., 2019; Zhang et al., 2019; Weiner  

et al., 2021). 

Aim of the Thesis  
To investigate the effect of variants in RIF pharmacogenes on its plasma exposure and 

the development of anti-TB DILI, as well as to characterise the early changes in serum CRP 

levels and their influencing factors in Latvian patients with DS-TB. 
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Objectives of the Thesis 
The following objectives were set to reach the aim of the doctoral Thesis: 

1. Develop and validate a liquid chromatography-tandem mass spectrometry  

(LC-MS/MS) method for quantification of RIF, PZA, INH, and ETB in human 

plasma. 

2. Design a targeted next-generation sequencing (NGS) protocol for analysing genomic 

regions of interest. 

3. Investigate whether variants detected in genes encoding enzymes (arylacetamide 

deacetylase [AADAC] gene), transporters (SLCO1B1 and solute carrier organic anion 

transporter family member 1B3 [SLCO1B3] genes, and adenosine triphosphate-binding 

cassette subfamily B member 1 [ABCB1] gene), and nuclear receptors (nuclear 

receptor subfamily 1 group I member 2 [NR1I2] gene) involved in RIF disposition 

are related to RIF plasma exposure and anti-TB treatment-related hepatotoxicity. 

4. Examine the role of patient- and disease-related factors, including plasma exposure 

of four anti-TB drugs, in the reduction in serum CRP levels after the first 10–12 days 

of therapy and evaluate the potential of these early changes to predict bacteriological 

response. 

Hypotheses of the Thesis 
1. One or more variants detected across the five investigated genes encoding  

RIF-metabolising enzymes, transporters, and associated regulatory proteins are 

related to variability in RIF plasma exposure and to the development of anti-TB DILI. 

2. Higher serum CRP levels 10–12 days after anti-TB treatment onset, along with less 

than two-fold reduction compared to baseline, are related to lower plasma exposure 

of one or several anti-TB drugs. 

Novelty of the Thesis 
This Thesis analyses anti-TB drug exposure and RIF-related genetic determinants from 

various perspectives and outlines their role in the efficacy and safety of DS-TB therapy.  

The newly developed LC-MS/MS method is the first to offer simultaneous 

quantification of RIF, PZA, INH, and ETB alongside their six primary metabolites in human 

plasma, enabling a more comprehensive PK characterisation. This assay can be adapted for 

therapeutic drug monitoring (TDM) to support the implementation of personalised TB 

treatment strategies in clinical practice. Meanwhile, the designed NGS-based protocol for 

targeted genetic analysis proved suitable and readily adjustable for detecting variants dispersed 
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across multiple genes or gene fragments of interest. Both methodologies were applied in  

the two subsequent studies.  

The first study characterised the impact of variants in the genes encoding enzymes 

(AADAC gene), transporters (SLCO1B1, SLCO1B3, and ABCB1 genes), and nuclear receptors 

(NR1I2 gene) involved in RIF disposition (collectively referred to as RIF pharmacogenes) on 

its plasma exposure and anti-TB treatment-related hepatotoxicity, providing valuable data  

on genotype-phenotype associations in patients of European ancestry (Caucasians). Even 

though the obtained results largely support the view that alterations in the function of  

the explored proteins caused by variants in the analysed genes play a limited role, one NR1I2 

gene variant (rs3732357) was found to be related to RIF plasma exposure. Notably, its effects 

have not been previously documented in patients with TB.  

The second study adds new evidence on the impact of patient- and disease-related 

factors on the early reduction in serum CRP levels following initiation of anti-TB therapy. 

Importantly, it demonstrates that the assessment of this biomarker levels after 10–12 days of 

anti-TB drug administration appears to lack clinical relevance, as the observed changes were 

not predictive of bacteriological response. 

Ethical aspects 
Each of the studies described in this Thesis was carried out according to the guidelines 

of the Declaration of Helsinki. Where applicable, the study protocol was approved by  

the Central Medical Ethics Committee of Latvia (Approval Nos 01-29.1/1 and 01-29.1.2/1736), 

the Research Ethics Committee of Rīga Stradiņš University (Approval No 6-3/1/6), the Ethics 

Committee of the Riga East Clinical University Hospital (Approval No 24-A/15), and  

the Scientific Department of the Riga East Clinical University Hospital (Approval No  

ZD/08-06/01-21/187). 
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Discussion 

Addressing the knowledge gap outlined above and the raised scientific questions,  

the first part of this Thesis presents an analysis of genetic factors potentially contributing to 

variability in RIF plasma exposure and anti-TB DILI, focusing on five RIF pharmacogenes: 

AADAC, SLCO1B1, SLCO1B3, ABCB1, and NR1I2. The second part summarises key findings 

from a study on early changes in inflammation caused by anti-TB treatment, with particular 

emphasis on the impact of anti-TB drug plasma exposure. In addition, this Thesis encompasses 

the development of LC-MS/MS and NGS-based methods, which were required to support both 

areas of research. A schematic representation of the study designs is given in Figure 1.  

 
Figure 1. Schematic representation of the study designs* 

*Across all studies, a total of 64 otherwise healthy adult patients diagnosed with pulmonary DS-TB and admitted 
to the Riga East University Hospital, Centre of Tuberculosis and Lung Diseases (Latvia) were enrolled between 
April 2017 and May 2023. All patients were of European ancestry (Caucasians). At the time of clinical sample 

collection, the patients were in the intensive phase of the six-month treatment course, receiving RIF  
(8–12 mg/kg), PZA (20–30 mg/kg), INH (4–6 mg/kg), and ETB (15–25 mg/kg) for 10–12 days in accordance 

with the WHO guidelines for treatment of DS-TB (2022a). 
Abbreviations: TB, tuberculosis; LC-MS/MS, liquid chromatography-tandem mass spectrometry;  

NGS, next-generation sequencing; PGx, pharmacogenetics; DNA, deoxyribonucleic acid; CYP3A4, cytochrome 
P450 family 3 subfamily A member 4 gene; RIF, rifampicin; anti-TB DILI, anti-tuberculosis drug-induced liver 

injury; DILI, drug-induced liver injury; ALAT, alanine aminotransferase; ASAT, aspartate aminotransferase; 
AADAC, arylacetamide deacetylase gene; SLCO1B1, solute carrier organic anion transporter family member  
1B1 gene; SLCO1B3, solute carrier organic anion transporter family member 1B3 gene; ABCB1, adenosine 

triphosphate-binding cassette subfamily B member 1 gene; NR1I2, nuclear receptor subfamily 1 group I 
member 2 gene; CRP, C-reactive protein; PZA, pyrazinamide; INH, isoniazid; ETB, ethambutol;  

tSCC, time to sputum culture conversion. 
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Method development: LC-MS/MS assay for quantification of  
anti-TB drugs in human plasma 

Overall, LC-MS/MS has become the gold standard for drug quantification in various 

biological matrices for research purposes and TDM in a clinical setting. As highlighted in  

the literature, the main challenge in the simultaneous analysis of multiple anti-TB drugs and 

their metabolites lies in the diversity of their physicochemical properties, which complicates 

the selection of a suitable sample preparation method and the optimisation of  

the chromatographic conditions (Zhou et al., 2013; Kim et al., 2015; Shah et al., 2016; 

Wang et al., 2020). During the initial experiments conducted in this work, attempts to employ 

existing protocols, such as those offered by Kim et al. (2015), Luyen et al. (2018), and Sundell 

et al. (2019), resulted in unacceptable analyte retention, poor peak shapes, and ionisation issues. 

Furthermore, in some cases, the quantification ranges of the reported methods did not cover  

the middle and upper parts of the therapeutic range, necessitating an additional dilution step 

during sample pretreatment to fit the calibration curves (Zhou et al., 2013; Gao et al., 2018;  

Wu et al., 2020). The use of advanced sample preparation techniques and separate analytical 

method for each analyte was not considered for practical reasons, as it would be  

time-consuming, require large sample volumes, and involve complex technical solutions.  

These issues were resolved by developing a new method for the simultaneous 

quantification of RIF, PZA, INH, and ETB in human plasma, which, compared to previous 

assays, has the advantage of measuring their six primary metabolites – 25-desacetylrifampicin, 

acetylisoniazid, isonicotinic acid, pyrazine-2-carboxylic acid, 5-hydroxypyrazinamide, 

5-hydroxypyrazine-2-carboxylic acid – within a single run. This approach incorporates simple 

single-step protein precipitation with methanol for the sample pretreatment, followed by 

chromatographic separation on a reverse-phase C8 column using a mobile phase gradient 

(0.1 % formic acid solution in water (A) and methanol (B); A from 99 % to 2 %), with a total 

run time of 10 minutes per sample. Analytes were detected and quantified using the multiple 

reaction monitoring mode. Additional sample pretreatment steps were unnecessary, as  

the quantification ranges for RIF, PZA, INH, and ETB were selected based on expected peak 

plasma concentrations 2 hours post-dose (Cmax) (Alsultan & Peloquin, 2014). 

The validation procedure was carried out in accordance with the European Medicines 

Agency’s guidelines on bioanalytical method validation (2012), and the obtained results 

confirmed satisfactory performance of the developed method, thereby guaranteeing the quality 

and reliability of the acquired data. As part of the validation, stability tests under various storage 

conditions revealed limited stability of RIF, INH, and their metabolites, in agreement with 

findings by Sturkenboom et al. (2015), Luyen et al. (2018), and Wu et al. (2020). Therefore, to 
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maintain the declared performance, plasma samples should be processed within 4 hours of 

collection, with temporary storage at −20 °C permitted for up to 24 hours.  

The clinical applicability of the method was verified by analysing plasma samples from 

34 patients receiving anti-TB therapy. This preliminary assessment of anti-TB drug exposure 

showed that the mean Cmax was within the therapeutic range for PZA (38.4 μg/mL versus  

20–60 μg/mL) and ETB (2.7 μg/mL versus 2–6 μg/mL), but for RIF and, to a lesser extent, INH – 

below the expected range (2.3 μg/mL versus 8–24 μg/mL for RIF and 2.8 μg/mL versus  

3–6 μg/mL for INH) (Alsultan & Peloquin, 2014). Generally, these findings are consistent with 

those reported in other populations and underscore the need for an in-depth analysis of factors 

causing variation in anti-TB drug plasma exposure and its potential clinical consequences 

(Fahimi et al., 2013; Prahl et al., 2014; Niward et al., 2018; Kloprogge et al., 2020; 

Ramachandran et al., 2020).  

Although the metabolite profiling of patient plasma samples was beyond the scope of 

the studies included in this Thesis, data on INH and its metabolites generated during the clinical 

validation step are reported separately in Ulanova et al. (2024), where they were used to 

characterise INH PK and to assess the impact of genetic factors. Accordingly, this extended 

capability broadens the applicability of the developed method for future PK studies. 

Method development: targeted NGS protocol for PGx analysis 
Compared to conventional first-generation sequencing techniques such as Sanger 

sequencing, second-generation or NGS technologies have revolutionised genomic research by 

offering rapid, cost-effective, and high-throughput analysis of genetic variability. Given  

the objectives of the planned PGx research, the targeted NGS approach appeared to be more 

convenient than whole genome or exome sequencing, which are typically used for 

comprehensive genetic characterisation. At the time of designing the sequencing experiment, 

commercially available targeted sequencing panels covered only a limited number of variants 

in genes encoding enzymes, transporters, and regulatory proteins involved in the disposition of 

RIF and other anti-TB drugs. 

The newly designed targeted NGS protocol encompasses steps from amplification and 

sequencing library preparation to bioinformatic analysis of the raw sequencing data. Its greatest 

advantage is that, technically, it can be adapted for analysing multiple genes or gene fragments 

of interest by modifying the amplification and, accordingly, the bioinformatic analysis step.  

First, using the cytochrome P450 family 3 subfamily A member 4 (CYP3A4) gene as  

a model, it was demonstrated that the developed protocol for paired-end sequencing on  

the Illumina platform yielded high-quality data (e. g. the mean base quality score Q > 30, mean 
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read depth > 100) for the analysed patient desoxyribonucleic acid (DNA) samples (number of 

patients, N = 7). In parallel, 10 randomly selected CYP3A4 gene variants were re-sequenced 

using the reference method, Sanger sequencing. The results obtained were consistent between 

the two methods, confirming the reliability of the proposed protocol.  

However, in two of these samples, up to 16 % of the target sequence lacked read 

coverage, which was attributed to issues with the quality of individual amplicons, as no 

substantial variation in read depth was seen in other sequence regions. Seth-Smith et al. (2019) 

noted that the performance of sequencing library preparation reagents can be affected by low 

(< 50 %) guanine/cytosine content in the target sequence. Both factors should be considered 

when adapting the protocol for analysing other genes or gene fragments, thereby ensuring its 

robustness across different targets. 

Among five patients with full target sequence coverage, one carrier of the CYP3A4*22 

(rs35599367) allele and one carrier of the CYP3A4*1G (rs2242480) allele were identified;  

the latter allele has been retired according to the recently revised CYP3A4 allele classification 

(Gaedigk et al., 2021). These CYP3A4 gene variants have been associated, for example, with 

variability in tacrolimus PK; nevertheless, a detailed analysis of this pharmacogene was beyond 

the objectives of the present work (Elens et al., 2013; Pallet et al., 2015; Liu et al., 2017;  

Dong et al., 2022). 

Impact of variants detected in RIF pharmacogenes on  
its plasma exposure and development of anti-TB DILI 

RIF is considered one of the most potent components of the six-month regimen for  

the treatment of DS-TB due to its ability to penetrate various types of tuberculous lesions and 

act on both metabolically active and dormant forms of M. tuberculosis (Dickinson & Mitchison, 

1981; Prideaux et al., 2015; Rifat et al., 2018).  

At the same time, it demonstrates the highest PK variability among the four anti-TB 

drugs at standard daily doses, with reported underexposure rates ranging from 42 % to 93 % 

(McIlleron et al., 2006; Fahimi et al., 2013; Prahl et al., 2014; Niward et al., 2018; 

Ramachandran et al., 2020). In line with these findings, LC-MS/MS analysis in the present 

study (N = 46) confirmed a similar trend – 91 % of patients had RIF plasma concentrations at 

Cmax below the recommended range (Alsultan & Peloquin, 2014). Compared to patients with 

optimal RIF plasma exposure, those with underexposure had higher body weight and, thus,  

a lower body weight-adjusted RIF dose. The impact of other factors described elsewhere was 

not evident, likely due to the study population’s structure, i. e. otherwise healthy adult patients, 

76 % of whom were male, and only 11 % were aged 60 years or older (Walubo et al., 1991; 

McIlleron et al., 2006; Nijland et al., 2006; Weiner et al., 2010; Milán Segovia et al., 2013). 
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As previously mentioned, DILI is a well-documented ADR in patients treated for  

DS-TB (Chen et al., 2015a; Zhuang et al., 2022). Abbara et al. (2017) estimated that symptoms 

of hepatotoxicity emerge in approximately half of cases within the first two weeks of anti-TB 

drug administration. Notably, symptoms of RIF-related hepatotoxicity may appear earlier than 

those linked to PZA and INH toxicity (Durand et al., 1996; Abbara et al., 2017). In this study, 

13 % of patients developed DILI within 10–12 days of anti-TB therapy, aligning with other 

reports where incidence rates can reach up to 28 % (Chen et al., 2015a). Regarding patient 

characteristics, no significant differences were found between the DILI and non-DILI groups, 

except for elevated serum alanine aminotransferase and aspartate aminotransferase levels on 

the 10th to 12th day of treatment, reaffirming the homogeneity of the study population discussed 

above. 

The patient’s genetic background is another factor that can potentially compromise  

the efficacy and safety of therapy. Thus, this study further explored the contribution of 

10 variants, selected from those detected in the four RIF pharmacogenes (SLCO1B1: 

rs2306283, rs11045819, and rs4149056; SLCO1B3: rs60140950; ABCB1: rs9282564 and 

rs1045642; and NR1I2: rs3814055, rs3732357, rs2276707, and rs3732359), to the variability in 

RIF plasma exposure, characterised by Cmax and area under the time-concentration curve 

(AUC0–6h), as well as to the development of anti-TB DILI.  

Initially, AADAC, a gene encoding a liver microsomal enzyme responsible for 

hydrolysing rifamycins into non-toxic 25-desacetyl derivatives, was also considered for 

analysis, as AADAC enzymatic activity has been reported to be influenced by variants in  

the respective gene (Nakajima et al., 2011; Shimizu et al., 2012; Francis et al., 2019; 

Weiner et al., 2021; Ignatius & Dooley, 2023). However, evaluation of AADAC gene variants 

was not feasible due to insufficient statistical power, stemming from their inadequate frequency 

in the study population. 

Continuing with SLCO1B1 and SLCO1B3, these genes encode liver-specific membrane 

influx transporters, OATP1B1 and organic anion transporting polypeptide 1B3 (OATP1B3), 

respectively, expressed on the basolateral membrane of hepatocytes (Nie et al., 2020). 

OATP1B1 and OATP1B3 mediate the hepatic uptake of various endogenous and exogenous 

substances, including RIF, from the bloodstream (Nie et al., 2020). In vitro studies have shown 

that the investigated SLCO1B1 exonic variant rs4149056 (T>C) impairs the transport of RIF, 

atorvastatin, gliclazide, and many other substrates, while the effects of exonic variants 

rs11045819 (C>A) and rs2306283 (A>G) vary depending on the substrate (Nie et al., 2020).  

In clinical practice, rs4149056 was identified as a predictor of RIF plasma trough concentration 

(Ctrough) and Cmax in the study conducted by Allegra et al. (2017). Meanwhile, the rs11045819 
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CA genotype, in conjunction with the African origin and male sex, was reported to be associated 

with lowered RIF plasma exposure (Weiner et al., 2010; Kwara et al., 2014). On the contrary, 

in a study involving Ghanaian children, individuals carrying the rs2306283 GG genotype 

demonstrated higher RIF plasma exposure estimated by AUC0–∞h, but the differences in other 

PK parameters approached significance (Dompreh et al., 2018). Despite these findings, neither 

this study nor other authors have confirmed the effect of these SLCO1B1 gene variants on  

RIF exposure (Chigutsa et al., 2011; Huerta-García et al., 2019; Naidoo et al., 2019;  

Medellin-Garibay et al., 2020; Weiner et al., 2021). Similarly, the SLCO1B3 exonic variant 

rs60140950 (G>C), which has been reported to adversely impact OATP1B3 expression without 

altering its activity in vitro and to influence telmisartan PK in a cohort of healthy individuals, had 

no effect in the present study (Schwarz et al., 2011; Hirvensalo et al., 2020; Nie et al., 2020). 

Clinically, three DILI patterns are distinguished: hepatocellular, cholestatic, and mixed, 

all of which have been recorded in patients receiving treatment for DS-TB (David & Hamilton, 

2010; Chen et al., 2015a). One proposed mechanism of cholestasis is the competitive inhibition 

of OATP1B1 and OATP1B3 by RIF, leading to reduced hepatic uptake of another substrate – 

bilirubin (Campbell et al., 2004; Nie et al., 2020). Although Li et al. (2012) and Chen et al. 

(2015b) described associations between the SLCO1B1*15 (rs2306283 + rs4149056) haplotype 

and anti-TB treatment-related hepatotoxicity, findings from analogous works and this particular 

study did not confirm the effect of both variants (Yimer et al., 2011; Kim et al., 2012).  

Also, the third SLCO1B1 gene variant examined in this study, rs11045819, was not found to be  

a significant predictor of this ADR. Interestingly, in healthy volunteers, the SLCO1B1*15 

haplotype was related to higher bilirubin levels, which even more increased after RIF initiation, 

albeit to a similar extent as in individuals without this haplotype (Zhang et al., 2007). This 

observation suggests that RIF may exacerbate pre-existing hepatobiliary disorders but is 

unlikely to be their primary cause. In contrast, previous studies assessing the clinical relevance 

of SLCO1B3 gene variants have primarily focused on taxane toxicity without convincing 

evidence supporting any drug-variant combinations (Jabir et al., 2012; Mbatchi et al., 2015). 

Here, in patients undergoing anti-TB treatment, rs60140950 was not related to the development 

of hepatotoxicity; however, to the author’s knowledge, this is the first report on SLCO1B3 in 

this context. 

Another transporter-coding gene included in the analysis, ABCB1, encodes adenosine 

triphosphate (ATP)-dependent membrane transporter P-glycoprotein (Pgp). Pgp is expressed in 

excretory organs and the blood-brain barrier, where it, as a natural defence mechanism, alters 

the disposition of xenobiotics like RIF by mediating their efflux from the intracellular space 

(Cascorbi, 2011). Among the ABCB1 gene variants assessed, the exonic variant rs1045642 
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(A>G) has exhibited inconsistent effects on messenger ribonucleic acid and Pgp expression and 

the PK of its substrates (Cascorbi, 2011). In a study with Mexican patients, the rs1045642 

genotype, along with biological sex and RIF dose received, was reported as a genetic 

determinant of RIF plasma exposure (Huerta-García et al., 2019). Regrettably, this finding was 

not replicated in the present study, and similar negative results have been reported by others 

(Weiner et al., 2010; Chigutsa et al., 2011; Allegra et al., 2017; Naidoo et al., 2019;  

Medellin-Garibay et al., 2020). Likewise, ABCB1 gene variant rs2032582, which is in linkage 

disequilibrium with rs1045642, was shown to impair Pgp function in vitro, but its effect on RIF 

oral clearance was of marginal significance in a clinical setting (Cascorbi, 2011; Chigutsa  

et al., 2011). The impact on the evaluated RIF PK parameters also was not evident in the case 

of another ABCB1 exonic variant within the scope of this work, rs9282564 (T>C), despite  

the decrease in tacrolimus plasma Ctrough reported by Hu et al. (2018). 

In the context of DILI, Yimer et al. (2011) showed that the ABCB1 rs1045642 GG 

genotype increased susceptibility to this ADR in patients receiving RIF- and  

efavirenz-containing regimens for the treatment of TB and human immunodeficiency virus 

(HIV) coinfection. Conversely, a protective effect was found in patients with HIV  

mono-infection, whereas it had no association with INH-related hepatotoxicity in otherwise 

healthy patients with TB (Ritchie et al., 2006; Chan et al., 2017). In line with these earlier 

reports, a relationship between the ABCB1 gene variants of interest, rs1045642 and rs9282564, 

and anti-TB treatment-related hepatotoxicity in patients without comorbidities was not 

established here. 

The last of the analysed genes, NR1I2, encodes pregnane X receptor (PXR),  

a ligand-dependent transcription factor whose effects extend to numerous phases I and II  

drug-metabolising enzymes and transporters (Ma et al., 2008). RIF, one of the most potent PXR 

ligands, upregulates the transcription of PXR downstream targets and, therefore, is thought to 

induce its own metabolism, observed as an approximately 40 % decrease in its plasma exposure 

during the first weeks of anti-TB therapy (Ma et al., 2008; Smythe et al., 2012). As the NR1I2 

exonic variants were underrepresented in the enrolled patient population, this study assessed 

the effects of flanking intronic variants (rs2276707 (C>T) and rs3732357 (G>A)) and those 

located in the 5’ and 3’ untranslated regions (rs3814055 (C>T) and rs3732359 (G>A), 

respectively). Specifically, carriers of rs3732357 were found to have lower RIF plasma  

AUC0–6h under the dominant genetic model (GG versus GA+AA genotypes), while the 

difference in plasma Cmax approached significance. A similar trend was noted for rs3732359, 

though it was insignificant. The potential clinical relevance of both variants has been indicated 

before; using midazolam as a model compound, He et al. (2006) and Oleson et al. (2010) 
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reported that these variants increased cytochrome P450 family 3 subfamily A (CYP3A) enzyme 

activity in African Americans. Nevertheless, the lack of comprehensive functional data on 

rs3732357 and rs3732359, particularly the impact on the enzymes and transporters directly 

implicated in RIF PK, precludes a mechanistic rationale for the described relationship. The two 

other NR1I2 gene variants examined – earlier shown to be associated with increased NR1I2 

promoter activity in vitro (rs3814055) or elevated intestinal CYP3A expression and contrasting 

evidence about its impact on tacrolimus PK (rs2276707) – did not demonstrate a relationship 

with the investigated RIF PK parameters in the performed analyses (Zhang et al., 2001; 

Barraclough et al., 2012; Rana et al., 2017; Lu et al., 2021). 

There has been considerable interest in whether NR1I2 gene variants modulate 

individuals’ predisposition to anti-TB treatment-related hepatotoxicity, as changes in the basal 

transcriptional activity of PXR upon RIF exposure are believed to contribute to increased fatty 

acid absorption and subsequent accumulation in the liver, aggravation of INH-induced 

oxidative stress due to excessive production of hepatotoxic INH metabolites, and cholestasis 

caused by increased accumulation of the heme biosynthesis intermediate protoporphyrin IX, all 

of which are implicated in the development of this ADR (Metushi et al., 2011; Zhuang et al., 

2022). Regarding the four NR1I2 gene variants analysed in this study (rs3814055, rs3732357, 

rs2276707, and rs3732359), none was significantly related to anti-TB DILI. Analogous studies 

conducted in populations of Asian ancestry have documented conflicting findings on 

rs3814055. Zazuli et al. (2015) described an increased susceptibility to this ADR in patients 

carrying the rs3814055 TT genotype, while Wang et al. (2022), in a more recent study, clarified 

that a combination of the rs3814055 T allele and NAT2 non-slow acetylator status might be  

a predisposing factor. In contrast, Zhang et al. (2019) reported a protective effect of this variant. 

In the case of rs2276707, Yang et al. (2020) concluded that, under the recessive genetic model, 

it was associated with a reduced risk of anti-TB treatment-related hepatotoxicity, though this 

finding has not yet been confirmed in different settings. 

A considerable strength of this study is its design, which enabled the evaluation of  

the clinical effects of selected gene variants without interference from other health conditions, 

as the resulting physiological changes and concomitantly used drugs could influence  

the anti-TB drug PK and the occurrence of treatment-related ADRs. In parallel, given that  

the study was conducted in a low-endemic setting (with a provisional TB incidence of 15 cases 

per 100 000 population in 2024, for a total population of 1.8 million), the applied patient 

exclusion criteria substantially reduced the number of eligible patients (Centre for Disease 

Prevention and Control of Latvia, 2025). Consequently, the size of the study population, in 

conjunction with the utilised NGS protocol, affected the number of gene variants studied.  
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For instance, it was impossible to verify the finding by Chigutsa et al. (2011) that the SLCO1B1 

deep intronic variant rs4149032, located > 2 kb from the exon-intron junction, was associated 

with reduced RIF plasma exposure. Notably, this limitation does not extend to low-frequency 

gene variants such as AADAC stop-loss variant rs61733692, with a minor allele frequency  

of < 1 % in the European population. Expanding the study cohort is unlikely to increase 

statistical power for testing whether the decreased enzymatic activity determined by  

the AADAC*3 (rs1803155 + rs61733692)/AADAC*3 diplotype, as described in the in vitro 

study by Shimizu et al. (2012), holds clinical significance. Despite these limitations and 

emphasising the novelty of this work, some of the evaluated gene variants have not been 

previously explored in patients with TB. Finally, assessing blood biochemical parameters at  

a single time point within the first few weeks after initiating anti-TB therapy carries the risk of 

missing DILI cases that develop later. However, the primary interest was RIF-related 

hepatotoxicity, with its signs and symptoms typically manifesting during this period 

(Durand et al., 1996; Abbara et al., 2017). 

Taken together, current evidence indicates that the analysed variants in the four RIF 

pharmacogenes (SLCO1B1, SLCO1B3, ABCB1, and NR1I2) do not exert a fundamental impact 

on RIF plasma exposure or the development of anti-TB treatment-related hepatotoxicity.  

The observed discrepancies between in vitro and in vivo findings suggest that the biological 

effects of these gene variants may be mitigated by compensatory mechanisms or influenced by 

other patient-dependent factors. Furthermore, inconsistencies in in vivo findings across studies 

are likely attributable to variation in study design and patient characteristics. At the same time, 

this study identified a previously unreported relationship between the NR1I2 gene variant 

rs3732357 and RIF plasma exposure. As such, the first hypothesis of this Thesis is considered 

partly confirmed.  

Impact of patient- and disease-related factors on early reduction in  
serum CRP levels and its relationship with treatment response 

Given the complexity and duration of anti-TB therapy required to completely eradicate 

the infection, monitoring of treatment response and early identification of patients at risk of 

adverse treatment outcomes are crucial for achieving therapeutic goals. According to WHO 

(2022b), patients treated for DS-TB should demonstrate clinical improvement and achieve 

sputum-smear and sputum-culture conversion by the end of the second month of therapy. 

Calderwood et al. (2021) estimated that approximately 20 % of patients fail to meet this  

short-term goal, experiencing a delayed bacteriological response, indicative of limited 

antibacterial effect and an increased risk of treatment failure or relapse in subsequent months. 
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Measuring serum CRP levels is a well-established approach for assessing and 

monitoring inflammation in various acute and chronic conditions (Sproston & Ashworth, 

2018). Mechanistically, the increased production of CRP is an inherent response to infection or 

tissue damage mediated by macrophages (Sproston & Ashworth, 2018). Upon activation, 

macrophages release proinflammatory cytokines interleukin-1 beta (IL-1β), interleukin-6  

(IL-6), and tumour necrosis factor alpha (TNF-α), which, in turn, stimulate the production of 

this acute-phase protein, primarily in human hepatocytes (Sproston & Ashworth, 2018).  

In the context of TB, this biomarker has recently been approved for screening of active TB in 

individuals living with HIV, and there is increasing interest in its potential utility for  

monitoring treatment response in patients receiving anti-TB therapy (Djoba et al., 2008; 

Miranda et al., 2017; Sigal et al., 2017; Musteikienė et al., 2021; WHO, 2021). However, given 

the non-specific nature of CRP expression, its levels may vary considerably over the six-month 

treatment period, making it more suitable for predicting short-term rather than long-term effects 

(Sproston & Ashworth, 2018). 

This study first assessed the impact of patient characteristics on the serum CRP levels 

measured before initiating anti-TB therapy (CRPb) (Wener et al., 2000; Khera et al., 2005; 

Ohsawa et al., 2005; Wyczalkowska-Tomasik et al., 2016). While biological sex, age, and 

smoking status had negligible impact, body mass index (BMI) exhibited a moderately strong 

negative correlation with the levels of this biomarker in the study population (N = 42). Despite 

marginal significance, there was a 10-fold difference in CRPb levels between underweight 

patients and those categorised as overweight. It contrasts with observations in patients  

without TB infection, where serum CRP levels typically increase with BMI 

(Onwubalili, 1988; Visser et al., 1999; Lönnroth et al., 2010). Nutritional status influences both 

innate and adaptive immunity and, in the case of TB, modulates susceptibility to infection and 

the ability to clear an existing one (Gupta et al., 2009; Chandrasekaran et al., 2017; Cho et al., 

2022). Among patients with TB, lack of appetite and weight loss are frequently reported 

symptoms, with severe wasting linked to advanced disease, delayed treatment response, and 

adverse outcomes (Hoyt et al., 2019; Diktanas et al., 2018; Kornfeld et al., 2020; Sinha et al., 2023).  

Characterising the relationship between TB clinical features and serum CRPb levels, 

Djoba et al. (2008), Furuhashi et al. (2012), and other authors have shown that levels of this 

biomarker reflect disease severity, mirroring the radiological and bacteriological findings at  

the time of diagnosis (Brown et al., 2016; Sigal et al., 2017; Azam et al., 2022). Aligning with 

that, radiologically confirmed cavitary disease and positive sputum-smear microscopy result, 

suggestive of severe lung damage with presumably higher bacillary loads, were related to higher 

serum CRPb levels in this study. Although Djoba et al. (2008), Furuhashi et al. (2012), and 
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Musteikienė et al. (2021) reported that the levels of this biomarker may vary depending on  

the extent of lung involvement, this was not confirmed here, and other groups did not report 

such a relationship (Mendy et al., 2016; Kumar et al., 2019). The plausible explanation for this 

discordance is the methodological differences in estimating the TB-affected lung area. 

Next, this study examined changes in serum CRP levels 10–12 days after anti-TB 

treatment onset and evaluated their utility in predicting bacteriological response. This 

timeframe was deemed appropriate, as a prior study determined that the failure to achieve  

a 55 % reduction in the levels of this biomarker within the first two weeks of therapy was 

associated with hospitalisation and death in patients with TB-HIV coinfection (Wilson et al., 

2018). Moreover, it is the earliest point at which anti-TB drug exposure can be objectively 

assessed, ensuring steady-state plasma concentration is reached (Tostmann et al., 2013).  

After 10–12 days of treatment, the median serum CRP level in the enrolled patient 

population decreased from 21.9 to 6.4 mg/L, reaching the reference range of < 8 mg/L utilised 

at the study site. These results are consistent with earlier studies, reporting a significant drop in 

serum CRP levels between the first and fifth weeks of anti-TB therapy (Djoba et al., 2008; 

Miranda et al., 2017; Wilson et al., 2018; Musteikienė et al., 2021). A more detailed analysis 

demonstrated that underweight patients, smokers, and those presenting with lung cavitations 

and positive sputum-smear microscopy result at the initial examination exhibited a significant 

decline compared to the baseline, yet their serum CRP levels 10–12 days after initiating  

anti-TB therapy (CRP10–12d) remained above the target range. As previously discussed, low 

body weight and smoking potentiate TB-associated inflammation, while the aforementioned 

radiological and bacteriological findings, characteristic of the advanced TB, are typically 

accompanied by a high degree of inflammation (Djoba et al., 2008; Furuhashi et al., 2012; 

Chandrasekaran et al., 2017; Opolot et al., 2017; Sigal et al., 2017). These factors indeed have 

been associated with slower sputum bacillary clearance in the studies by Nijenbandring de Boer 

et al. (2014), Kanda et al. (2015), Diktanas et al. (2018), Hernandez-Romieu et al. (2019), and 

Kornfeld et al. (2020). Consequently, it is unsurprising that patients with a combination of these 

factors may require a longer time to recover from the infection and normalise their serum CRP 

levels. Meanwhile, the composition of the enrolled patient population, with 81 % aged 

< 60 years, may have limited the ability to observe the relationship between age and serum CRP 

levels. However, it was noticed that patients ≥ 60 years of age failed to achieve a significant 

decline in the levels of this biomarker within the specified period. This distinct pattern of serum 

CRP level reduction in older patients could be attributed to the deleterious impact of ageing on 

the immune system (immunosenescence) and inflammation (inflammaging) (Li et al., 2023). 

With age, inflammatory stimuli induce more intense and prolonged secretion of IL-1β, IL-6, 
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and TNF-α, leading to enhanced CRP production (Li et al., 2023). Ageing also impairs  

the function of immune cells, such as macrophages and CD4+ T lymphocytes, which are key 

components of immune defence against M. tuberculosis, thereby diminishing the ability to 

rapidly clear the infection (O’Garra et al., 2013; Li et al., 2023). 

In the absence of clinical guidelines defining the reduction pattern or timeframe for 

serum CRP normalisation in response to anti-TB therapy, a slightly modified approach 

proposed by Wilson et al. (2018) was implemented here to stratify patients and categorise 

changes in the levels of this biomarker for subgroup analyses. Specifically, 31.7 % of patients 

had serum CRP levels within the reference range at both time points (Group A), 34.1 % 

experienced a reduction in serum CRP levels ≥ 2 times from baseline or reached the reference 

range (Group B), and the remaining 34.1 % did not achieve the stated goal (Group C).  

Multiple-group comparisons revealed that patients in Group C more frequently presented with 

lung cavitations or positive sputum-smear microscopy result at diagnosis compared to those in 

Groups A and B, underscoring the role of disease severity in the early reduction of inflammation 

highlighted in the primary analyses. 

Another factor explored in relation to TB-associated inflammation was anti-TB drug 

plasma exposure, characterised by Cmax and AUC0–6h. The LC-MS/MS analysis indicated that 

a considerable proportion of patients had suboptimal anti-TB drug plasma exposure at Cmax, 

with the highest underexposure rate recorded for RIF (92.5 %), followed by INH (54.8 %), ETB 

(26.2 %), and PZA (9.5 %). These results are comparable to those reported by others and 

support the notion that the currently employed therapeutic ranges proposed by Alsultan & 

Peloquin (2014) differ substantially from the drug plasma concentrations documented in 

clinical practice (Fahimi et al., 2013; Pasipanodya et al., 2013; Prahl et al., 2014; Kloprogge  

et al., 2020; Ramachandran et al., 2020). Interestingly, in the present study, drug exposure at 

the site of infection appeared sufficient to provide an early antibacterial effect, as evidenced by 

the significant reduction in serum CRP levels. This observation might be explained by  

the variation in anti-TB drug distribution across different body compartments, as described by 

Ziglam et al. (2002) and McCallum et al. (2021, 2022), who reported drug accumulation in 

epithelial lining fluid and alveolar cells to varying extents, but plasma and serum exposure, 

determined in parallel, tended to be lower or even below the therapeutic range. 

Subsequent analyses did not confirm a relationship between the plasma exposure of any 

of the four anti-TB drugs and serum CRP10–12d levels. Additionally, when patients were 

stratified based on a 2-fold reduction in serum CRP levels, the assessed PK parameters were 

similar among Groups A, B, and C. On the contrary, Prahl et al. (2014) reported an inverse 

correlation between INH Cmax and serum CRP levels. The considerable differences in study 
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design and patient characteristics may have led to discordant findings. Here, the period between 

treatment onset and PK sampling was constant, and the study population was homogeneous in 

terms of ethnicity, race, form of TB, comorbidities, care setting, and drug formulation used. 

Several of these factors have been reported to influence the PK of anti-TB drugs (Walubo et al., 

1991; McIlleron et al., 2006; Nijland et al., 2006; Weiner et al., 2010; Milán Segovia et al., 2013).  

Lastly, this study evaluated the utility of the serum CRP10–12d levels and the patterns of 

early changes in the serum CRP levels for predicting the bacteriological response to anti-TB 

treatment, assessed by time to sputum culture conversion (tSCC). The structure of the study 

population and absence of concomitant diseases likely determined relatively fast sputum culture 

conversion (median tSCC: 56 days), even among patients who did not achieve a rapid reduction 

in serum CRP levels within the specified period (median tSCC: 66 days in Group C versus  

46 days in Groups A and B). While patients with delayed bacteriological response 

(tSCC ≥ 60 days) had higher serum CRP10–12d levels compared to rapid responders 

(tSCC < 60 days), the difference was not statistically significant, and none of the examined 

parameters emerged as independent predictors of tSCC in the Cox regression analysis.  

This suggests that changes in serum CRP levels, although reflecting the effect of treatment, 

may be excessively dynamic due to the non-specific nature of CRP expression, and are therefore 

unable to reliably predict the bacteriological response to anti-TB therapy (Sproston & 

Ashworth, 2018). Similarly, Musteikienė et al. (2017, 2021) reported that serum CRPb levels 

were higher in patients with tSCC > 30 days, yet this biomarker exhibited limited utility in 

predicting sputum culture status or treatment outcomes. Another group of authors found that 

the ratio of serum CRP levels at Week 8 to Week 0 was more strongly associated with sputum 

culture status at Week 8 than at Week 12, but testing of multiple biomarker combinations 

containing serum CRP levels failed to yield a signature with high predictive performance  

(Sigal et al., 2017). By comparison, Djoba et al. (2008) identified a biomarker signature 

encompassing serum CRP levels at baseline and Week 1 that could predict sputum culture status 

at Month 2 with more than 80 % accuracy. Notably, Ferrian et al. (2017) proposed a CRP-based 

biomarker combination for predicting delayed bacteriological response in patients with  

drug-resistant TB, though this finding requires confirmation in other studies.  

A strength of this study is the use of various data sources to comprehensively 

characterise the relationship between numerous patient- and disease-related factors and  

TB-associated inflammation. Additionally, enrolling patients without concomitant diseases 

enabled a clearer assessment of serum CRP kinetics and emphasised the potential influence of 

other health conditions.  
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However, the present work shares limitations previously discussed concerning  

the sample size when exploring the role of PGx in RIF PK and anti-TB DILI. The impact of 

sample size was evident in the high data skewness and unequal distribution across 

subcategories. Complex statistical approaches were employed to overcome this limitation. 

Another point to mention is that there were no cases of treatment failure or serious adverse 

events detected in the study population, so it was impossible to test the predictive value of  

the examined CRP parameters in such contexts. After all, this study lacked data on the patients’ 

M. tuberculosis isolates, including minimal inhibitory concentration (MIC), which would have 

enabled consideration of strain-specific effects and isolate drug susceptibility. Other authors 

have demonstrated the utility of combined indices, such as Cmax/MIC, in predicting 

bacteriological response and treatment outcomes in patients with DS-TB (Chigutsa et al., 2011; 

Fahimi et al., 2013; Zheng et al., 2021).  

To summarise, this study identified patient- and disease-related factors influencing  

the reduction in serum CRP levels shortly after the initiation of anti-TB therapy. The absence 

of a measurable effect of suboptimal anti-TB drug plasma exposure within the given timeframe 

did not exclude the possibility of negative clinical implications emerging at later stages of 

therapy. Finally, in this setting, neither serum CRP10–12d levels nor the fold change between 

serum CRPb and CRP10–12d levels could predict bacteriological response to treatment, 

questioning the clinical relevance of the early assessment of the levels of this biomarker, at least 

in otherwise healthy adult patients with TB. Consequently, the second hypothesis of this Thesis 

was not confirmed.  
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Conclusions 

1. According to the analytical and clinical validation results, the developed LC-MS/MS method 

is suitable for the simultaneous analysis of RIF, PZA, INH, and ETB in human plasma 

samples, with the added capability to quantify six primary metabolites within the same run, 

thereby enabling expanded PK profiling.  

2. The designed NGS-based protocol for targeted genetic analysis produced reliable,  

high-quality data suitable for PGx applications, as demonstrated by analyses of the CYP3A4 

gene and five RIF pharmacogenes.  

3. Among the 10 evaluated variants detected across four RIF pharmacogenes 

(SLCO1B1, SLCO1B3, ABCB1, and NR1I2), the intronic variant rs3732357 in the NR1I2 

gene was found to influence RIF plasma exposure. In contrast, the study results did not 

support the contribution of any of these variants to the development of anti-TB DILI in  

the enrolled population. 

4. Several patient characteristics and disease severity at diagnosis, but not the anti-TB drug 

plasma exposure, were identified as affecting the pattern of serum CRP level reduction 

during the first 10–12 days of therapy. Early changes in the serum CRP levels could not 

predict the bacteriological response to anti-TB treatment. 
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Proposals 

1. Based on the findings from the study exploring the role of genetic determinants in RIF 

plasma exposure and anti-TB DILI, further studies should consider: 

a) in vitro functional characterisation of the NR1I2 intronic variant rs3732357 to provide  

a mechanistic rationale for the observed impact on RIF PK;  

b) evaluation of additional liver-specific biomarkers, such as alkaline phosphatase, to better 

characterise the pattern of liver injury caused by the concomitant use of RIF, PZA, and INH, 

and clarify whether genetic factors contribute to liver injury primarily induced by RIF.  

2. The study characterising early changes in serum CRP levels after anti-TB treatment initiation 

indicated that, while measuring levels of this biomarker after 10–12 days of anti-TB drug 

administration may be useful for assessing dynamics of TB-associated inflammation, these 

early reduction patterns cannot predict bacteriological response to treatment. Further 

research should aim to identify robust biomarker or multimodal biomarker signatures linked 

to relevant clinical, radiological, and/or bacteriological endpoints, enabling the timely 

identification of patients at risk of treatment failure. 

3. The considerable rates of anti-TB drug underexposure observed across the conducted 

studies, together with the absence of a clear relationship between plasma concentrations and 

early changes in TB-associated inflammation, underline the importance of investigating how 

plasma exposure reflects drug concentrations at the site of infection. Addressing this aspect 

could support the refinement of therapeutic ranges, which currently appear inadequately 

high. Moreover, defining clinically relevant thresholds would enhance the utility of TDM in 

assessing the efficacy and safety of anti-TB therapy. 
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