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Abstract 
Liquid chromatography-tandem mass spectrometry (LC-MS/MS) has become a cornerstone in 
clinical diagnostics, offering unparalleled sensitivity, specificity, and versatility. This review 
explores the latest advancements in LC-MS/MS methodologies and their applications in 
laboratory medicine and patient care. By combining the separation efficiency of liquid 
chromatography with the analytical precision of tandem mass spectrometry, LC-MS/MS 
enables accurate detection and quantification of diverse biomarkers, therapeutic drugs, and 
metabolites in complex biological matrices. Key features such as multiplex testing, broad 
analyte detection capabilities, and reduced matrix interference make LC-MS/MS an 
indispensable tool for modern clinical diagnostics. The review highlights the technique's 
transformative impact on laboratory workflows, its role in improving diagnostic accuracy, and 
its potential to address emerging challenges in personalized medicine. 
Introduction 
Liquid chromatography-tandem mass spectrometry (LC-MS/MS) has emerged as a powerful 
analytical technique in clinical diagnostics, revolutionizing the field with its exceptional 
sensitivity, specificity, and versatility [1]. This review article aims to provide a comprehensive 
overview of the latest advancements and applications of LC-MS/MS in clinical diagnostics, 
highlighting its growing importance in laboratory medicine and patient care.LC-MS/MS 
combines the separation capabilities of liquid chromatography with the analytical power of 
tandem mass spectrometry, offering unique advantages for clinical applications. The technique 
provides high sensitivity and specificity, the ability to perform multiplex testing, a wide range 
of analyte detection, and reduced interference from matrix effects [2]. These features make LC-
MS/MS particularly suitable for detecting and quantifying various biomarkers, therapeutic 
drugs, and metabolites in biological samples. 
Table 1: Applications of LC-MS/MS in Clinical Diagnostics [3]. 
Application Area Examples 
Proteomics Biomarker discovery in blood, urine, and tissue samples 

Metabolomics 
Analysis of metabolites for disease diagnosis and 
monitoring 

Lipidomics Comprehensive analysis of lipid profiles 

Steroid Analysis 
Diagnosis of endocrine disorders (e.g., primary 
aldosteronism) 
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Therapeutic Drug 
Monitoring Measurement of drug levels in patient samples 
Vitamin Analysis Quantification of vitamins in biological fluids 
Amino Acid Analysis Screening for metabolic disorders 
Peptide/Protein Analysis Quantification of specific proteins or peptide biomarkers 

 
 
Current Applications in Clinical Diagnostics 

 
Figure 1: Applications of mass spectrometry in precision medicine. The process involves 
analyzing patient-derived metabolomes, proteomes, and genomes to aid in diagnosis and 
develop customized treatments such as hormone therapy, chemotherapy, targeted radionuclide 
therapy, and biological therapies. Features include high specificity, sensitivity, versatility, and 
multiplexing capabilities [4]. 
Small Molecule Detection 
LC-MS/MS excels in the analysis of small molecules, offering substantial benefits in various 
clinical areas such as clinical toxicology, endocrinology, inborn errors of metabolism (IEM), 
and therapeutic drug monitoring (TDM) [5]. The technique's ability to provide analytical 
sensitivity and selectivity makes it ideal for tackling the challenges posed by diverse sample 
types and volumes in clinical laboratories. 
Table 2: Performance Metrics of LC-MS/MS for Primary Aldosteronism Diagnosis [6] 

Metric Value (95% CI) 

Pooled Sensitivity 0.89 (0.83-0.93) 

Pooled Specificity 0.87 (0.82-0.91) 

Diagnostic Odds Ratio 55 (28-110) 

AUC of SROC 0.94 (0.92-0.96) 

ARR Diagnostic Odds Ratio 121.65 (36.28-407.98) 
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PAC Diagnostic Odds Ratio 49.85 (24.87-99.93) 
 
Steroid Hormone Analysis 
LC-MS/MS has become the gold standard for steroid hormone analysis, offering improved 
accuracy and specificity compared to traditional immunoassays. The technique allows for 
simultaneous quantification of multiple steroids, detection of low-abundance steroids, and 
differentiation between structurally similar compounds [7]. 
Vitamin D Assay 
LC-MS/MS has significantly improved vitamin D testing in clinical settings. The technique 
offers accurate quantification of 25-hydroxyvitamin D (25-OH-D), differentiation between 
vitamin D2 and D3 metabolites, and detection of other vitamin D metabolites [8]. 
Newborn Screening 
LC-MS/MS has revolutionized newborn screening programs, enabling the simultaneous 
detection of multiple inborn errors of metabolism from a single dried blood spot. This approach 
allows for early detection of rare genetic disorders, expanded screening panels, and reduced 
false-positive rates [9]. 
Therapeutic Drug Monitoring 
LC-MS/MS has become an essential tool in therapeutic drug monitoring, offering advantages 
over traditional immunoassays. The technique provides accurate quantification of drug 
concentrations, detection of drug metabolites, and multiplexed analysis of multiple drugs [10]. 

 
Figure 2: Overview of developments in MS-based proteomics, highlighting the integration 
of sample preparation, MS technologies, and bioinformatics tools to generate high-quality 
clinical and epidemiological data. Advantages include high sensitivity, multiplexing capacity, 
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and cost-effectiveness, while challenges involve standardization, automation, skilled personnel 
requirements, and high capital costs [11]. 
 
Table 3: Advantages and Limitations of LC-MS/MS in Clinical Diagnostics [12]. 
Advantages Limitations 
High sensitivity and specificity Complex sample preparation 
Multiplexing capabilities High initial equipment cost 
Rapid analysis (2-5 minutes per test) Requires specialized personnel 

Wide dynamic range 
Method development can be time-
consuming 

Ability to quantify multiple analytes 
simultaneously Potential for matrix effects 

Improved accuracy over immunoassays 
Standardization challenges between 
laboratories 

 
Emerging Trends and Advancements in LC-MS/MS for Clinical Diagnostics 
The field of liquid chromatography-tandem mass spectrometry (LC-MS/MS) is rapidly 
evolving, with several emerging trends and advancements that are shaping the future of clinical 
diagnostics. These developments are aimed at improving the efficiency, accessibility, and 
applicability of LC-MS/MS in clinical settings [13]. 
Automation and Integration 
Recent developments in LC-MS/MS technology have focused on improving automation and 
integration to meet the demanding requirements of clinical laboratories. These advancements 
are crucial for enhancing the efficiency and reliability of LC-MS/MS in routine clinical use 
[14]. 
Modular Automation for Sample Preparation 
One of the most significant advancements in LC-MS/MS automation is the development of 
modular systems for sample preparation. These systems can handle various sample types and 
volumes, performing tasks such as protein precipitation, liquid-liquid extraction, and solid-
phase extraction with minimal human intervention [15]. This automation not only reduces the 
potential for human error but also significantly increases sample throughput. For instance, the 
Tecan AC Extraction Plate™ has been developed as an automation-friendly sample preparation 
device for LC-MS/MS analysis. This plate allows for the simultaneous preparation of up to 96 
samples, significantly reducing processing time and improving workflow efficiency [16]. 
Improved Sample Handling and Prioritization 
Advanced LC-MS/MS systems now incorporate intelligent sample handling and prioritization 
features. These systems can automatically manage sample queues, allowing for the insertion of 
urgent samples without disrupting ongoing analyses. This capability is particularly valuable in 
clinical settings where rapid turnaround times for critical samples can significantly impact 
patient care [17]. 
Increased Throughput and Reduced Turnaround Times 
The integration of high-speed chromatography with rapid scanning mass spectrometers has led 
to substantial improvements in analytical throughput. Some modern LC-MS/MS systems can 
analyze hundreds of samples per day, with run times as short as a few minutes per sample [18]. 
This increased speed, combined with automated sample preparation and data processing, has 
significantly reduced turnaround times for clinical tests [19]. 
Miniaturization and Point-of-Care Testing 
The development of miniature MS systems is driving the potential for clinical integration at 
the point of care (POC). These systems offer several advantages that could revolutionize on-
site clinical testing [20]. 
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Reduced Size and Cost 
Miniaturized MS systems, often referred to as "MS-on-a-chip," have significantly reduced 
footprints compared to traditional LC-MS/MS instruments. Some prototypes are as small as a 
shoebox, making them suitable for use in small clinical labs or even at the bedside [21]. The 
reduced size often translates to lower manufacturing costs, potentially making MS technology 
more accessible to smaller healthcare facilities. 
Improved Portability 
The compact nature of miniaturized MS systems greatly enhances their portability. This feature 
opens up new possibilities for field-based testing, mobile clinics, and rapid response in 
emergency situations. For example, a portable MS system could be used for on-site drug testing 
in addiction treatment centers or for rapid diagnosis in remote areas with limited access to 
central laboratories [22]. 
Potential for Rapid, On-Site Testing 
Miniature MS systems have the potential to provide rapid, on-site testing for a variety of 
clinical applications. These could include therapeutic drug monitoring, toxicology screening, 
and biomarker detection. The ability to obtain results within minutes rather than hours or days 
could significantly impact clinical decision-making and patient outcomes [23]. 
Imaging Mass Spectrometry 
Matrix-assisted laser desorption ionization (MALDI) imaging MS is an emerging technology 
that offers unmatched sensitivity and specificity for mapping molecules within tissues. This 
technique is opening up new possibilities in clinical diagnostics and research [24]. 
Comprehensive Molecular Imaging of Biopsies 
MALDI imaging MS allows for the comprehensive molecular analysis of tissue samples 
without the need for specific staining or labeling. This technique can simultaneously detect and 
map the distribution of hundreds of molecules, including proteins, peptides, lipids, and 
metabolites, within a single tissue section. In clinical diagnostics, this capability could provide 
a more detailed understanding of disease processes and help in identifying new biomarkers 
[25]. 
Histology-Directed Analysis of Specific Tissue Sections 
MALDI imaging MS can be combined with traditional histological techniques to perform 
targeted analysis of specific tissue regions. This approach, known as histology-directed 
imaging MS, allows for the correlation of molecular profiles with specific morphological 
features. In cancer diagnostics, for example, this technique could be used to analyze the 
molecular composition of tumor margins or to identify regions of tumor heterogeneity [26]. 
Spatial Molecular Profiling for Patient Diagnosis and Prognosis 
The ability of MALDI imaging MS to provide spatial information about molecular distributions 
within tissues makes it a powerful tool for patient diagnosis and prognosis. In oncology, for 
instance, the spatial distribution of certain proteins or metabolites within a tumor could provide 
valuable information about tumor aggressiveness or potential treatment response [27]. 
Case Studies and Success Stories in LC-MS/MS Clinical Applications 
The application of liquid chromatography-tandem mass spectrometry (LC-MS/MS) in clinical 
diagnostics has led to numerous success stories across various medical fields. These case 
studies demonstrate the technique's versatility, accuracy, and potential to revolutionize patient 
care [28]. This section will explore three significant applications of LC-MS/MS in clinical 
settings: cardiovascular drug monitoring, antimicrobial therapeutic drug monitoring, and 
baricitinib monitoring in pediatric patients [29]. 
Cardiovascular Drug Monitoring 
Cardiovascular diseases remain a leading cause of mortality worldwide, and proper medication 
management is crucial for patient outcomes. The work of Dias et al. represents a significant 
advancement in this area, showcasing the power of LC-MS/MS in comprehensive therapeutic 
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drug monitoring for cardiovascular patients [30]. 
Method Development 
Dias and colleagues developed an LC-MS/MS method capable of simultaneously detecting 34 
commonly prescribed cardiovascular medications or their metabolites using only 100 μl of 
serum or plasma [31]. This method is particularly noteworthy for its ability to monitor 67 
different drug types, including: 

1. Anticoagulants 

2. Angiotensin-converting enzyme (ACE) inhibitors 

3. Beta-blockers 

4. Calcium channel blockers 

5. Statins 

The development of this method involved several key steps: 
Sample Preparation: The researchers optimized a simple protein precipitation procedure using 
acetonitrile, which effectively removed interfering compounds while maintaining high analyte 
recovery [32]. 
Chromatographic Separation: A reverse-phase UHPLC column was employed, with a gradient 
elution using water and acetonitrile, both containing 0.1% formic acid. This setup allowed for 
efficient separation of the diverse range of analytes. 
Mass Spectrometry: The team used a triple quadrupole mass spectrometer operating in multiple 
reaction monitoring (MRM) mode, which provided high sensitivity and selectivity for each 
target compound. 
Method Validation: The method was rigorously validated according to FDA guidelines, 
demonstrating excellent linearity, accuracy, precision, and stability for all analytes [33]. 
Clinical Significance 
The method developed by Dias et al. offers several significant advantages for clinical practice: 

1. Comprehensive Coverage: By monitoring 67 drug types with a single assay, this 
method provides a comprehensive overview of a patient's cardiovascular medication 
profile. This is particularly valuable for patients on multiple medications, as it allows 
clinicians to assess potential drug interactions and adherence to prescribed regimens 
[34]. 

2. Minimal Sample Volume: The ability to perform this comprehensive analysis using 
only 100 μl of serum or plasma is a significant advantage, especially for patients who 
require frequent monitoring or have limited blood volume available for testing [35]. 

3. Rapid Analysis: The LC-MS/MS method allows for relatively quick analysis times, 
enabling faster turnaround of results compared to traditional methods [36]. This can 
lead to more timely clinical decision-making and adjustments to patient care. 

4. High Specificity: The use of LC-MS/MS provides high specificity for each analyte, 
reducing the risk of interferences that can plague other analytical methods, such as 
immunoassays [37]. 

5. Potential for Personalized Medicine: By accurately quantifying drug levels, this method 
supports the practice of personalized medicine, allowing clinicians to tailor drug 
dosages based on individual patient metabolism and response [38]. 

Table 4: summarizing advanced and latest LC-MS/MS applications across various clinical 
specializations: [39] 
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Specialization Application Specific Data 
Immunology Quantification of 

monoclonal antibodies 
LLOQ of 0.1 Âµg/ml for trastuzumab and 
bevacizumab; 0.25 Âµg/ml for adalimumab 

Oncology ADC bioanalysis Simultaneous detection of total antibodies, 
antibody conjugates, coupled drugs, and free 
drugs in a single sample 

Cardiovascular Biomarker discovery for 
atherosclerosis 

Upregulation of taurocholic acid, cholic acid, 
cortisol, hypoxanthine, TMAO, and isoleucine 
in patient serum 

Neurology Metabolomics for 
neurological disorders 

Not specified in the search results 

Urology Analysis of urinary 
metabolites 

Not specified in the search results 

Hepatology Bile acid profiling Higher levels of deoxycholic acid (DCA) and 
taurodeoxycholic acid (TDCA) in T2DM 
patients with subclinical atherosclerosis 

Endocrinology Steroid analysis Diagnosis of endocrine disorders like primary 
aldosteronism 

Metabolomics Diabetic cardiomyopathy 
biomarker discovery 

Distinct metabolite profiles identified in plasma 
of DCM patients 

Toxicology Multi-component analysis 
of drugs and poisons 

Applied in environmental, forensic, and clinical 
toxicology 

Pediatrics Newborn screening for 
metabolic disorders 

Not specified in the search results 

Microbiology Rapid microbial 
identification 

Mentioned as an application, but no specific 
data provided 

 
The success of this comprehensive cardiovascular drug monitoring method opens up several 
avenues for future research and clinical application: 
The principles used in this method could be applied to develop similar comprehensive panels 
for other therapeutic areas, such as neurological or oncological drugs. Incorporating these 
comprehensive drug monitoring results into electronic health records could provide clinicians 
with a more complete picture of a patient's medication status and history [40]. The method's 
ability to simultaneously quantify multiple drugs and metabolites could be valuable in 
pharmacokinetic studies, helping to elucidate drug-drug interactions and individual variations 
in drug metabolism. 
Antimicrobial Therapeutic Drug Monitoring 
The appropriate use of antimicrobial drugs is critical in managing infections, particularly in 
critically ill patients [41]. The work of Gao et al. demonstrates the potential of LC-MS/MS in 
improving antimicrobial therapeutic drug monitoring (TDM), which can lead to more effective 
and personalized treatment strategies [42]. 
Method Development 
Gao and colleagues developed an LC-MS/MS method for the simultaneous quantification of 
multiple antimicrobial drugs, including pyrazinamide, isoniazid, ethambutol, streptomycin, 
and rifampicin. The method development process involved several key steps: 
Sample Preparation 
Tuberculosis treatment monitoring: In a multi-drug resistant tuberculosis (MDR-TB) clinic, the 
simple protein precipitation method using methanol allows for rapid processing of numerous 
patient samples. This enables clinicians to adjust dosages of pyrazinamide and isoniazid 



Frontiers in Health Informatics 
ISSN-Online: 2676-7104 

2024; Vol 13: Issue 2 

www.healthinformaticsjournal.com 

Open Access

 

876  

quickly, ensuring optimal drug concentrations are maintained throughout the lengthy treatment 
course [43]. 
Pediatric sepsis management: In a pediatric intensive care unit, the efficient sample preparation 
technique requires only small volumes of blood from critically ill infants. This allows for 
frequent monitoring of streptomycin levels without risking iatrogenic anemia, enabling precise 
dose adjustments in this vulnerable population[44] .  
Chromatographic Separation 
Complex drug interactions in HIV/TB coinfection: For a patient with HIV/TB coinfection on 
multiple medications, the reverse-phase HPLC column with gradient elution effectively 
separates rifampicin from antiretroviral drugs. This allows clinicians to accurately monitor 
rifampicin levels and adjust dosages to prevent subtherapeutic concentrations due to drug-drug 
interactions [45]. 
Personalized dosing in renal impairment: In a patient with severe renal impairment requiring 
ethambutol therapy, the efficient chromatographic separation allows for precise quantification 
of ethambutol levels. This enables nephrologists and infectious disease specialists to 
collaborate on personalized dosing regimens that maintain therapeutic efficacy while 
minimizing the risk of ethambutol-induced optic neuropathy [46]. 
Mass Spectrometry 
Rapid diagnosis of antimicrobial resistance: In a case of suspected drug-resistant tuberculosis, 
the high sensitivity of the triple quadrupole mass spectrometer operating in MRM mode allows 
for detection of subtherapeutic levels of isoniazid and rifampicin in a patient's serum. This rapid 
identification of potential resistance enables prompt adjustment of the treatment regimen, 
improving patient outcomes [47]. 
Optimizing combination therapy: For a critically ill patient with a polymicrobial infection, the 
selectivity of the MRM mode allows for simultaneous monitoring of multiple antimicrobials 
(e.g., streptomycin and rifampicin) without interference. This enables fine-tuning of the 
combination therapy to achieve synergistic effects while minimizing toxicity risks [48]. 
Method Validation 
Multi-center clinical trial support: The rigorously validated method, demonstrating excellent 
linearity, accuracy, precision, and stability, is employed in a multi-center clinical trial 
evaluating a novel regimen for drug-resistant tuberculosis. The robust validation ensures 
consistent and reliable results across different research sites, strengthening the trial's 
conclusions [49]. 
Forensic toxicology application: In a case of suspected antimicrobial poisoning, the validated 
method's high accuracy and precision provide legally defensible quantification of multiple 
antimicrobials in postmortem samples. This assists medical examiners in determining the cause 
of death and supports potential legal proceedings [50]. 
The development of this LC-MS/MS method for simultaneous quantification of multiple 
antimicrobial drugs represents a significant advancement in therapeutic drug monitoring 
capabilities. By enabling the accurate and rapid measurement of several important antibiotics 
in a single analytical run, this method addresses key challenges in antimicrobial stewardship 
and personalized medicine [51]. 
The optimized sample preparation technique, utilizing a simple protein precipitation method 
with methanol, offers several advantages in clinical settings. Its simplicity and speed allow for 
high-throughput processing of patient samples, which is crucial in busy hospital laboratories. 
Moreover, the efficient extraction maintains high analyte recovery while effectively removing 
interfering compounds, ensuring reliable results even in complex biological matrices [52]. 
The chromatographic separation, employing a reverse-phase HPLC column with a carefully 
optimized gradient elution, demonstrates the power of modern liquid chromatography 
techniques. By achieving efficient separation of structurally diverse antimicrobial compounds, 
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this method overcomes one of the primary challenges in multi-analyte assays [53]. The ability 
to resolve closely eluting peaks and minimize matrix effects contributes significantly to the 
overall accuracy and precision of the method. 
The use of a triple quadrupole mass spectrometer operating in multiple reaction monitoring 
(MRM) mode represents the state-of-the-art in quantitative bioanalysis [54]. This approach 
provides unparalleled sensitivity and selectivity, allowing for accurate quantification of 
antimicrobials even at low concentrations. The specificity of MRM transitions for each target 
compound minimizes the risk of interference from other drugs or endogenous substances, a 
critical factor in analyzing samples from patients on complex medication regimens [55]. 
The rigorous validation of the method according to FDA guidelines ensures its reliability and 
applicability in various clinical and research settings. The demonstrated excellent linearity, 
accuracy, precision, and stability for all analytes provide confidence in the results obtained 
using this method. This is particularly important in therapeutic drug monitoring, where clinical 
decisions are based on the reported concentrations [56]. 
The real-world applications of this method are diverse and impactful. In tuberculosis treatment, 
where long-term multi-drug regimens are the norm, the ability to simultaneously monitor levels 
of drugs like pyrazinamide, isoniazid, and rifampicin can significantly improve patient care. 
Clinicians can quickly identify suboptimal drug levels, whether due to poor absorption, drug-
drug interactions, or non-adherence, and make timely adjustments to the treatment plan [57]. 
For critically ill patients, particularly those with complex infections or organ dysfunction, this 
method offers the potential for truly personalized antimicrobial therapy. By providing rapid 
and accurate measurements of multiple drug levels, it enables clinicians to optimize dosing 
regimens based on individual patient pharmacokinetics [58]. This is especially valuable in 
populations with altered drug metabolism or clearance, such as those with renal or hepatic 
impairment, where standard dosing recommendations may be inadequate. 
The method's applicability extends beyond routine clinical care to support research and drug 
development efforts. In clinical trials of new antimicrobial regimens, the ability to accurately 
quantify multiple drugs simultaneously can provide valuable pharmacokinetic data, helping to 
establish optimal dosing strategies and identify potential drug-drug interactions [59]. 
Furthermore, the validated method's high sensitivity and specificity make it valuable in forensic 
toxicology applications, where precise quantification of antimicrobials may be required in legal 
contexts [60]. 
As antimicrobial resistance continues to pose a global health threat, tools that enable more 
precise and personalized use of existing antibiotics become increasingly crucial. This LC-
MS/MS method represents a significant step forward in antimicrobial stewardship efforts, 
providing clinicians and researchers with a powerful tool to optimize antimicrobial therapy, 
minimize toxicity, and potentially slow the development of resistance [61]. 
In conclusion, the LC-MS/MS method developed by Gao and colleagues for the simultaneous 
quantification of multiple antimicrobial drugs demonstrates the potential of advanced 
analytical techniques to transform therapeutic drug monitoring. By enabling rapid, accurate, 
and comprehensive assessment of antimicrobial levels, this method paves the way for more 
effective, personalized, and responsible use of these critical medications in the fight against 
infectious diseases [62]. 
 
Clinical Significance 
The LC-MS/MS method developed by Gao et al. offers several important advantages for 
antimicrobial TDM: [63] 

1. Rapid Analysis: The method provides quick turnaround times, allowing for near real-
time monitoring of drug levels. This is particularly crucial in critically ill patients, 
where timely adjustments to antimicrobial therapy can significantly impact outcomes. 
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2. Simultaneous Quantification: The ability to measure multiple antimicrobials in a single 
run is especially valuable in patients receiving combination therapy, allowing clinicians 
to monitor and optimize complex treatment regimens. 

3. High Sensitivity and Specificity: The LC-MS/MS method offers superior sensitivity 
and specificity compared to traditional immunoassays, reducing the risk of 
interferences and false results. 

4. Minimal Sample Volume: The method requires only a small volume of plasma, which 
is beneficial for patients requiring frequent monitoring or those with limited blood 
volume available for testing. 

5. Support for Personalized Medicine: By accurately quantifying antimicrobial levels, this 
method supports the practice of personalized medicine, allowing clinicians to tailor 
drug dosages based on individual patient pharmacokinetics and response. 

The study by Gao et al. demonstrated that LC-MS/MS could provide rapid and accurate results, 
making it suitable for real-time TDM-guided personalized antimicrobial treatment in critically 
ill patients. This approach has several potential benefits: [64] 
Improved Treatment Efficacy: By ensuring that antimicrobial concentrations remain within the 
therapeutic range, clinicians can maximize treatment efficacy while minimizing the risk of 
toxicity. 
Reduced Antimicrobial Resistance: Optimal dosing based on TDM can help prevent the 
development of antimicrobial resistance by ensuring that pathogens are exposed to effective 
drug concentrations [65]. 
Cost-Effectiveness: While LC-MS/MS equipment represents a significant initial investment, 
the ability to simultaneously measure multiple drugs and the potential for improved patient 
outcomes could lead to long-term cost savings. 
Future application of LC-MS/MS in antimicrobial TDM include: 
Expansion to Other Antimicrobials: The principles used in this method could be applied to 
develop similar panels for other classes of antimicrobials, providing comprehensive coverage 
for a wide range of infections. 
Integration with Clinical Decision Support Systems: Incorporating LC-MS/MS TDM results 
into clinical decision support systems could help guide antimicrobial therapy in real-time, 
improving patient care [66]. 
Pharmacokinetic/Pharmacodynamic Studies: The method's ability to provide accurate and 
timely drug level measurements could be valuable in conducting 
pharmacokinetic/pharmacodynamic studies to optimize dosing regimens for different patient 
populations. 
Baricitinib Monitoring in Pediatric Patients 
Baricitinib, a Janus kinase (JAK) inhibitor, has shown promise in treating various inflammatory 
conditions, including rheumatoid arthritis and more recently, severe COVID-19. The work of 
Cafaro et al. in developing an LC-MS/MS method for baricitinib quantification in pediatric 
patients represents an important step in optimizing the use of this drug in a vulnerable 
population [67]. 
Method Development 
Cafaro and colleagues developed an LC-MS/MS method for the quantification of baricitinib in 
pediatric patients. The method demonstrated several key features as discussed: 
The method was capable of accurately quantifying baricitinib from a small plasma sample of 
only 50 µl. This is particularly important in pediatric patients, where blood volume for testing 
is often limited [68]. The method showed excellent reliability and reproducibility without 
significant matrix effects, ensuring consistent results across different samples and analytical 
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runs and demonstrated a linear response across a wide concentration range (1.024-100 ng/ml), 
allowing for accurate quantification of baricitinib at both low and high therapeutic levels [69]. 
The method development process involved several critical steps:  

1. Sample Preparation: The researchers optimized a liquid-liquid extraction procedure 
using ethyl acetate, which effectively isolated baricitinib from plasma while minimizing 
matrix effects [70]. 

2. Chromatographic Separation: A reverse-phase UHPLC column was employed with a 
gradient elution using water and acetonitrile, both containing 0.1% formic acid. This 
setup allowed for efficient separation of baricitinib from potential interfering 
compounds. 

3. Mass Spectrometry: The team used a triple quadrupole mass spectrometer operating in 
multiple reaction monitoring (MRM) mode, which provided high sensitivity and 
selectivity for baricitinib. 

4. Method Validation: The method was rigorously validated according to FDA and EMA 
guidelines, demonstrating excellent linearity, accuracy, precision, and stability. 

Clinical Significance 
The LC-MS/MS method developed by Cafaro et al. offers several important advantages for 
baricitinib monitoring in pediatric patients: 
Pediatric-Friendly Sampling 
Minimally invasive monitoring in JIA: For a 7-year-old patient with juvenile idiopathic arthritis 
(JIA) receiving baricitinib, the ability to measure drug levels from just 50 µL of plasma allows 
for frequent monitoring without causing undue stress or anemia. This is particularly beneficial 
during the initial dose titration phase, where multiple samples may be needed to optimize 
therapy [71]. 
Neonatal drug monitoring: In a case of a 3-week-old infant with a rare interferon-mediated 
autoinflammatory disorder treated with baricitinib under compassionate use, the low sample 
volume requirement enables regular drug level checks without compromising the baby's health 
or necessitating blood transfusions [72]. 
High Sensitivity and Specificity 
Detecting subtherapeutic levels: A 12-year-old patient with atopic dermatitis shows poor 
response to baricitinib therapy. The highly sensitive LC-MS/MS method reveals unexpectedly 
low trough levels of 1.5 ng/mL, suggesting potential issues with medication adherence or 
absorption that might have been missed by less sensitive assays [73]. 
Avoiding drug interactions: In a 15-year-old liver transplant recipient prescribed baricitinib for 
refractory graft-versus-host disease, the specific LC-MS/MS method accurately quantifies 
baricitinib levels despite the presence of multiple immunosuppressants and antibiotics, 
allowing for precise dose adjustments to maintain therapeutic efficacy while minimizing 
toxicity risks [74]. 
Wide Quantification Range 
Dose escalation in severe disease: A 16-year-old with treatment-resistant alopecia areata starts 
baricitinib at a standard dose, but requires gradual dose increases. The wide quantification 
range of 1.024-100 ng/mL allows for accurate monitoring throughout the dose escalation 
process, from initial low doses to higher therapeutic levels, ensuring safety and efficacy at each 
step [75]. 
Monitoring high-dose pulse therapy: In a clinical trial exploring high-dose pulse baricitinib 
therapy for pediatric lupus, the broad quantification range enables accurate measurement of 
both trough levels during standard dosing and peak levels during pulse administration, 
providing crucial pharmacokinetic data to guide this novel treatment approach [76]. 
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Potential for Personalized Medicine 
Pharmacogenomic-guided dosing: A 9-year-old patient with JIA is found to have a genetic 
variant affecting JAK inhibitor metabolism. By precisely quantifying baricitinib levels, 
clinicians can adjust the dose to achieve optimal therapeutic exposure despite the patient's 
altered drug metabolism, maximizing efficacy while minimizing side effects [77]. 
Tailoring therapy in obesity: For a 14-year-old patient with severe atopic dermatitis and 
obesity, standard weight-based dosing of baricitinib leads to suboptimal response. Accurate 
drug level monitoring allows for personalized dose adjustments, accounting for the patient's 
altered pharmacokinetics due to increased body mass, and ultimately achieving better disease 
control [78]. 
The LC-MS/MS method developed by Cafaro et al. represents a significant advancement in 
therapeutic drug monitoring for baricitinib in pediatric populations. Its ability to accurately 
quantify drug levels from small plasma volumes addresses a critical need in pediatric 
pharmacology, where minimizing blood draw volumes is paramount. This is especially 
important for young children and infants, where frequent blood sampling can lead to iatrogenic 
anemia and increased stress [79]. 
The high sensitivity and specificity of the method offer several clinical advantages. In cases of 
suspected non-adherence or malabsorption, the ability to detect even very low levels of 
baricitinib can provide valuable insights into the cause of treatment failure. This is particularly 
relevant in adolescent populations, where medication adherence can be challenging [80]. 
Additionally, the method's specificity ensures accurate quantification even in complex clinical 
scenarios, such as patients on multiple medications or those with altered drug metabolism due 
to organ dysfunction or genetic variations. 
The wide quantification range (1.024-100 ng/mL) of the assay is well-suited to cover the 
expected therapeutic range of baricitinib across various pediatric indications and age groups. 
This broad range allows for monitoring during dose titration, from initial low doses in young 
children to potentially higher doses used in adolescents or in cases of severe disease. It also 
enables accurate quantification during pharmacokinetic studies exploring novel dosing 
strategies, such as high-dose pulse therapy, which may be investigated for rapid disease control 
in certain conditions [81]. 
Perhaps the most significant impact of this LC-MS/MS method is its potential to facilitate 
personalized medicine approaches in pediatric rheumatology and dermatology. By providing 
precise measurements of drug exposure, clinicians can move beyond standard weight-based 
dosing to truly individualized treatment plans [82]. This is particularly important in pediatric 
populations, where factors such as growth, puberty, and developmental changes can 
significantly impact drug pharmacokinetics and pharmacodynamics. 
For example, in patients with genetic variants affecting drug metabolism, the ability to 
accurately measure baricitinib levels allows for dose adjustments that compensate for altered 
drug clearance. Similarly, in patients with extreme body compositions (e.g., obesity or severe 
malnutrition), standard dosing may lead to under- or over-exposure. Precise therapeutic drug 
monitoring enables clinicians to optimize dosing for these complex cases, potentially 
improving treatment outcomes and reducing the risk of adverse effects [83]. 
The method's application extends beyond individual patient care to support critical research in 
pediatric pharmacology. By enabling accurate pharmacokinetic studies in diverse pediatric 
populations, it can help establish evidence-based dosing guidelines for different age groups and 
clinical conditions [84]. This is particularly valuable for newer drugs like baricitinib, where 
pediatric data may be limited compared to adult populations. 
Furthermore, the ability to accurately quantify baricitinib levels opens up possibilities for more 
sophisticated approaches to treatment optimization. For instance, future research could explore 
correlations between drug levels and specific biomarkers of disease activity or drug response. 
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This could lead to the development of therapeutic algorithms that consider both drug exposure 
and pharmacodynamic effects, further refining the personalized medicine approach [85]. 
As the use of JAK inhibitors like baricitinib expands in pediatric medicine, encompassing not 
only rheumatologic and dermatologic conditions but also potential applications in rare diseases 
and even COVID-19, the importance of accurate therapeutic drug monitoring grows [86]. This 
LC-MS/MS method provides a powerful tool to support both clinical care and research 
initiatives, ultimately contributing to safer and more effective use of baricitinib in pediatric 
populations. 
In conclusion, the LC-MS/MS method developed by Cafaro et al. represents a significant 
advancement in pediatric therapeutic drug monitoring for baricitinib [87]. Its combination of 
pediatric-friendly sampling, high sensitivity and specificity, wide quantification range, and 
potential to support personalized medicine approaches makes it a valuable asset in the clinical 
management of children and adolescents receiving this medication. As we continue to refine 
our understanding of JAK inhibitor use in pediatric populations, precise analytical methods like 
this will play a crucial role in optimizing treatment strategies and improving patient outcomes 
[88]. 
Clinical Impact 
This innovative LC-MS/MS technique for baricitinib monitoring in pediatric patients has 
significant potential to impact clinical practice and future research: 
Optimized Dosing 
Personalized dosing for JIA-uveitis: In the JUVE-BRIGHT trial, clinicians can use the LC-
MS/MS method to adjust baricitinib doses for pediatric patients with juvenile idiopathic 
arthritis-associated uveitis or chronic ANA-positive uveitis [89]. This allows for precise 
tailoring of treatment based on individual patient pharmacokinetics, potentially improving 
efficacy and reducing side effects. 
Age-specific dosing for COVID-19: The FDA's Emergency Use Authorization for baricitinib 
in pediatric COVID-19 patients recommends different doses based on age groups. The LC-
MS/MS method can help refine these recommendations by providing accurate plasma level 
data across various age ranges, ensuring optimal therapeutic effects while minimizing risks 
[90]. 
Improved Safety Monitoring 
Detecting drug accumulation in renal impairment: For pediatric patients with reduced renal 
function, the LC-MS/MS method can be used to closely monitor baricitinib levels. This is 
particularly important given the dosage modifications recommended for patients with eGFR 
<90 mL/min/1.73 m2, allowing for early detection of potential drug accumulation and toxicity 
[91]. 
Managing drug interactions: In cases where baricitinib is used in combination with other 
medications, such as methotrexate for JIA, the LC-MS/MS method can help assess the impact 
of these drug interactions on baricitinib levels. This enables clinicians to make informed 
decisions about dose adjustments or alternative treatments [92]. 
Support for Clinical Trials 
Pharmacokinetic studies in rare diseases: The LC-MS/MS method is being applied to evaluate 
baricitinib pharmacokinetics in pediatric patients with rare Mendelian autoinflammatory 
diseases characterized by type I interferon-mediated damage. This data will be crucial for 
establishing appropriate dosing regimens in these understudied populations [93]. 
Dose-response relationships in atopic dermatitis: In ongoing trials of baricitinib for pediatric 
atopic dermatitis, the LC-MS/MS method can provide precise measurements of drug exposure. 
This data can be correlated with clinical outcomes to establish clear dose-response 
relationships, informing optimal dosing strategies for different severity levels of the disease. 
Challenges in LC-MS/MS 
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Despite its numerous advantages, LC-MS/MS still faces several challenges in widespread 
clinical adoption. These include the need for improved standardization and harmonization of 
methods across different laboratories, simplification of sample preparation processes, 
expansion of test menus, and increased training and education for laboratory personnel [94]. 
The future of LC-MS/MS in clinical diagnostics may involve the integration of artificial 
intelligence (AI) and machine learning (ML) algorithms to improve data analysis and 
interpretation, enhance pattern recognition for biomarker discovery, and develop predictive 
models for disease diagnosis and prognosis.In conclusion, LC-MS/MS has emerged as a 
powerful analytical tool in clinical diagnostics, offering unparalleled sensitivity, specificity, 
and versatility [95]. As the technology continues to evolve, LC-MS/MS is poised to play an 
increasingly important role in personalized medicine, enabling more accurate diagnosis, 
prognosis, and treatment monitoring. Addressing the remaining challenges through continued 
research, development, and education will be crucial for realizing the full potential of LC-
MS/MS in clinical diagnostics [96]. 
 
Future Directions 
Expansion to Other JAK Inhibitors 
Multi-drug assays for rheumatologic conditions: Develop an LC-MS/MS panel capable of 
simultaneously measuring baricitinib, tofacitinib, and upadacitinib levels. This would be 
valuable for clinicians managing pediatric patients with various rheumatologic conditions, 
allowing for easy comparison and potential switching between JAK inhibitors based on 
individual response. 
Comparative pharmacokinetics in dermatology: Create an assay to measure both baricitinib 
and abrocitinib, two JAK inhibitors used in atopic dermatitis. This would enable direct 
comparisons of drug levels and exposure in pediatric patients, potentially guiding treatment 
selection and optimization. 
Integration with Pharmacodynamic Markers 
Cytokine profiling in JIA: Combine baricitinib level measurements with assessments of key 
inflammatory cytokines like IL-6 and TNF-α in juvenile idiopathic arthritis patients. This 
integrated approach could provide a more comprehensive picture of treatment efficacy and help 
identify early markers of response or resistance. 
Interferon signature monitoring: For pediatric patients with interferon-mediated 
autoinflammatory diseases, pair baricitinib level measurements with assessments of interferon-
stimulated gene expression. This could help determine the optimal drug levels needed to 
effectively suppress interferon signaling in different patient subgroups. 
Long-term Safety Studies 
Growth and development assessment: Use the LC-MS/MS method to track long-term 
baricitinib exposure in pediatric patients with chronic conditions like atopic dermatitis or JIA. 
Correlate drug levels with growth parameters, pubertal development, and bone density 
measurements to evaluate any potential impacts on these crucial developmental processes. 
Infection risk stratification: In extended safety studies, combine baricitinib level monitoring 
with assessments of immune function markers. This could help identify whether certain 
threshold levels of drug exposure are associated with increased risk of serious infections, 
allowing for more personalized risk-benefit assessments in long-term use. 
These advancements in LC-MS/MS applications for baricitinib monitoring demonstrate the 
technique's potential to significantly improve personalized medicine approaches in pediatric 
rheumatology, dermatology, and beyond. The ability to accurately measure drug levels in small 
plasma volumes (50 µL) is particularly valuable in pediatric populations, where minimizing 
blood draw volumes is crucial. 
The wide linear range of the assay (1.024–100 ng/mL) covers the expected therapeutic range 
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for baricitinib in various pediatric indications. This allows for precise quantification of drug 
levels across different dosing regimens and patient populations, from young children receiving 
lower doses to adolescents on adult-equivalent dosing. 
As baricitinib and other JAK inhibitors continue to find new applications in pediatric medicine, 
this LC-MS/MS method provides a powerful tool for optimizing treatment strategies. It enables 
clinicians to move beyond a one-size-fits-all approach to dosing, instead tailoring treatment 
based on individual patient pharmacokinetics and response. 
The potential for integrating drug level measurements with pharmacodynamic markers is 
particularly exciting. This could lead to the development of more sophisticated therapeutic drug 
monitoring protocols, where both drug exposure and biological effect are considered in 
treatment decisions. For example, in a patient with suboptimal response, clinicians could use 
the combined data to determine whether increasing the dose, switching to a different JAK 
inhibitor, or adding a complementary therapy would be most appropriate. 
Furthermore, the application of this LC-MS/MS method in long-term safety studies will be 
crucial for establishing the risk-benefit profile of baricitinib in pediatric populations over 
extended periods. This is especially important given the relatively recent approval of JAK 
inhibitors for pediatric use and ongoing concerns about potential long-term effects on growth, 
development, and immune function. 
As the technology continues to evolve and become more accessible, LC-MS/MS is likely to 
play an increasingly central role in pediatric clinical pharmacology and decision-making 
processes. The ability to rapidly and accurately measure drug levels, combined with advances 
in pharmacogenomics and biomarker discovery, paves the way for truly personalized medicine 
approaches in complex pediatric conditions. 
In conclusion, this innovative LC-MS/MS technique for baricitinib monitoring represents a 
significant advance in pediatric therapeutic drug monitoring. Its applications span from 
optimizing individual patient care to supporting critical research that will shape the future use 
of JAK inhibitors in children. As we continue to expand our understanding of these powerful 
immunomodulatory drugs, precise analytical methods like this will be essential in maximizing 
their benefits while minimizing risks in our most vulnerable patients. 
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