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Background: Baricitinib is widely used as a selective Janus kinase (JAK) inhibitor for the treatment of immune-mediated
inflammatory diseases in clinic. It is now successfully applied in reducing inflammation and suppressing COVID-19-associated
immune dysregulation. As knowledge of the appropriate plasma level of baricitinib in COVID-19 patients is deficient, the measure-
ment of the level of baricitinib in plasma during treatment is necessary and important.

Purpose: The aim of this study was to establish a bioanalytical method to detect the concentration of baricitinib in COVID-19
patients’ plasma by ultra performance liquid chromatography tandem mass spectrometry (UPLC-MS/MS).

Methods: The preparation process of the injected sample was to spike 100 pL of plasma and 10 pL of internal standard (IS,
upadacitinib) working solution, then add 1:3 of acetonitrile to obtain the supernatant. The intra-day and inter-day precision and
accuracy, matrix effect, recovery, and stability of the established methodology were all required.

Results: The method was established to determine the plasma levels in 22 COVID-19 patients. After taking 2 mg/day or 4 mg/day of
baricitinib, the mean plasma concentrations of the patients were 15.36 ng/mL and 12.64 ng/mL, respectively.

Conclusion: This novel UPLC-MS/MS method enables rapid and accurate determination of baricitinib concentrations in human
plasma, which is suitable for the therapeutic drug monitoring (TDM) of baricitinib.
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Introduction

Baricitinib (Olumiant™) is a small-molecule, orally active Janus kinase (JAK) 1/2 selective inhibitor that could influence
immune responses by triggering Janus Kinase-Signal Transducer and Activator of Transcription (JAK-STAT) signaling
pathways and regulating transcription in reaction to external cytokines, interferons, and growth factors.' Baricitinib is
already authorized for the treatment of immune-mediated inflammatory conditions like rheumatoid arthritis (RA),
alopecia areata (AA), and atopic dermatitis (AD).>*

Thus, baricitinib has been successfully applied in reducing inflammation and suppressing COVID-19-associated
immune dysregulation.” The FDA approved baricitinib as the first immunomodulatory treatment for COVID-19 in
hospitalized adults who require supplemental oxygen, noninvasive or invasive mechanical ventilation, or extracorporeal
membrane oxygenation (ECMO) in 2022.° Several clinical trials have been implemented to evaluate the efficacy and
safety of baricitinib in COVID-19. Baricitinib was shown to reduce 28-day all-cause mortality in both RECOVERY and
COV-BARRIER studies.”® The ACTT-2 and ACTT-4 study showed that the combination of baricitinib and remdesivir
was superior to remdesivir alone or dexamethasone plus remdesivir in shortening recovery time, enhancing clinical status
improvement or reducing adverse events in hospitalized patients with COVID-19 requiring supplemental oxygen or

noninvasive ventilation.”'°
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Research has also demonstrated that baricitinib hinders virus endocytosis and decreases viral assembly by blocking
the enzymes AP-2 Associated Protein Kinase 1 (AAK1) and cyclin-G Associated Kinase (GAK) in alveolar type 2 (AT2)
cells."" To put it simply, baricitinib exerts dual antiviral effects by adjusting the inflammatory response through JAK1/2
and blocking viral entry through AAK1 and GAK.

Although baricitinib is effective in treating patients with COVID-19, it still carries potential risks. Currently,
baricitinib is administered at a fixed dose 4 mg once daily orally, accounting for limited between-subject variability
(BSV) such as renal impairment or cytopenias.'?> Most pharmacokinetic profiles are derived from studies conducted on
healthy volunteers, patients of other disease, whereas limited data are available for COVID-19 patients.'* Baricitinib has
also been associated with elevated liver enzymes, thrombocytosis, increased creatine phosphokinase levels, neutropenia,
deep vein thrombosis, pulmonary embolism, and urinary tract infection (UTI) in COVID-19 patients.'? Therapeutic drug
monitoring (TDM) can be a valuable method to ensure the safe and effective use of baricitinib in managing COVID-19,
improving the treatment’s risk/benefit ratio. In this study, a well-established methodology was developed and used to
determine the plasma concentration of baricitinib in patients infected with COVID-19.

Materials and Methods

Chemicals and Reagents

Baricitinib (Figure 1A) and upadacitinib (internal standard, IS, Figure 1B) were provided by Beijing Sunflower Technology
Development Co., Ltd (Beijing, China). Methanol and acetonitrile were HPLC grades supplied by Merck (Darmstadt,
Germany). Formic acid was obtained from Anaqua Chemicals Supply (ACS, American). Ultrapure water (MS grade water)
was supplied by the Milli-Q pure water system (Millipore, Bedford, USA).

UPLC-MS/MS Conditions
UPLC-MS/MS analysis included a Waters Xevo TQ-S triple quadrupole tandem mass spectrometer and a Waters Acquity
UPLC I-Class system (Milford, MA, USA). An Acquity BEH C18 column (2.1 mm % 50 mm, 1.7 um; Milford, MA,
USA) was used to chromatographic separation of baricitinib and IS at 40°C with acetonitrile (solution A) and 0.1%
formic acid (solution B) as the mobile phase. The mobile phase in gradient elution was as follows: 0—-0.5 min at 90% B,
0.5-1.0 min at 90-10% B, 1.0~1.4 min at 10% B, 1.4-1.5 min at 10-90% B. And, the entire run time was 2.0 min.
Mass spectrometry measurements were conducted using a Waters Xevo TQ-S triple quadrupole tandem mass
spectrometer in positive ion mode with electrospray ionization (ESI). The ion transitions of baricitinib and IS in the
mass spectrometry monitored by multiple reaction monitoring (MRM) were m/z 372.44 — 250.97 and m/z 380.90 —
255.99, respectively. The parameters optimized for mass spectrometry of baricitinib and IS included cone voltages of 20
V and 30 V, and collision energies of 30 eV and 25 eV, respectively.

Standard Curves and Stock Solution

Prior to preparing the quality control (QC) and standard curves, baricitinib and IS were each dissolved in methanol at
a concentration of 1.00 mg/mL. Subsequently, each concentration of the working solution for the calibration was diluted with
methanol from the above stock solution of baricitinib. The concentration points of the standard curve were 1, 2, 5, 10, 20, 50,
75 and 100 ng/mL. The working solution of IS was diluted with methanol to form the concentration of 200 ng/mL. QC
samples had four different concentrations with lower limit of quantification (LLOQ) levels (1 ng/mL), low (LQC, 2 ng/mL),
medium (MQC, 40 ng/mL) and high (HQC, 80 ng/mL). Finally, all stock solutions were stored in a —80°C freezer, while the
working solutions were kept in a 4°C refrigerator for subsequent quantitative analysis.

Human Samples

The retrospective study enrolled adult patients who were infected with COVID-19 and received baricitinib during treatment.
The inclusion criteria: (1) age >18 years old; (2) hospitalized with laboratory outcome and CT confirmed SARS-CoV-2
infection; (3) requiring supplemental oxygen, noninvasive or invasive mechanical ventilation, or extracorporeal membrane
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Figure | Fragmentation pattern and product ion spectra of baricitinib (A) and IS (B) in this study.

oxygenation (ECMO); (4) baricitinib’s dosage was 2 mg or 4 mg once daily. The exclusion criteria: (1) A different dosage as
2 mg twice or three times daily; (2) Death, expected discharge or transfer within 48 hours after diagnosis.

Baricitinib was given at a standard dose of 4 mg once daily orally, with adjustments made for cytopenias (interrupt
medication, absolute lymphocyte count <200 cells/uL or absolute neutrophil count <500 cells/uL), hepatic impairment
(interrupt medication, drug-induced liver injury), or renal impairment (2 mg once daily, eGFR between 30 and
<60 mL/min/1.73m? 1 mg once daily, eGFR between 15 and <30 mL/min/1.73m?), according to the pharmaceutical
instructions of baricitinib.'> Blood samples were collected at a steady state plasma concentration. Plasma was separated
from peripheral blood sampled in EDTA K3 anticoagulant tubes by centrifugation at 4000 x g for 8§ min and stored at
—80°C until analysis.
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All patient data used in this study were handled with strict confidentiality and in compliance with the ethical principles
outlined in the Declaration of Helsinki. The study protocol was approved by the Ethics Committee in Clinical Research of the
First Affiliated Hospital of Wenzhou Medical University (Approval number: KY2024-R037). The Ethics Committee granted
a waiver for the requirement for written informed consent due to the retroactive nature of the study.

Samples Preparation

All plasma samples were precipitated with acetonitrile after the addition of the IS working solution. The 100 pL plasma
sample was added to an Eppendorf (EP) tube containing 10 pL of the IS working solution (200 ng/mL concentration).
After the above mixing, acetonitrile was added in a ratio of 1:3 to precipitate plasma proteins. After vortexing, the
samples were centrifuged at 13,000 x g for 10 min at 4°C. A 100 pL supernatant was injected into the UPLC-MS/MS
system for analysis.

Method Validation
Method validation was conducted according to the FDA’s “Guidance for Industry: Bioanalytical Method Validation”."*

Selectivity and Specificity

The selectivity and specificity of the analytical method were investigated by analyzing the chromatographic profile of
blank plasma (Figure 2A), baricitinib and IS added in blank plasma (Figure 2B) as well as in plasma of patients treated
with baricitinib (Figure 2C) to check for endogenous interference at the retention times of the analyte and IS.

Calibration Curve and LLOQ

The concentration range of the standard curve for baricitinib was 1-100 ng/mL. At least 8 concentration points were set
up in this range to fit linearity. Each calibration standard needed to be accurate within +20% of the nominal concentration
at the LLOQ and within £15% at other levels. LLOQ was defined as the lowest concentration of the calibration curve.

Precision and Accuracy

Intra-day precision and accuracy were measured at the same day with 4 different levels of QC samples. Inter-day
precision and accuracy were calculated by analyzing 6 QC samples for 3 consecutive days. Accuracy is expressed as the
percentage difference between the mean value of the measurement and the standard value. Precision is expressed as
a percentage of the sample variance versus the mean. Except for the LLOQ, where +20% was acceptable, accuracy and
precision needed to be within +15% at each concentration level.

Matrix Effect and Extraction Recovery

In this study, the recovery and matrix effects were calculated as follows:
Recovery = peak area of extract sample/peak area of blank extract spiked with neat solution.
Matrix effect = peak area of blank extract spiked with neat solution/peak area of neat solution.
It was recommended to test a minimum of six samples.

Stability

The stability test of baricitinib was carried out under different experimental conditions, and the detection accuracy and
precision of baricitinib in samples were calculated. The test was conducted under the following different conditions: 1.
Leave at room temperature for 2 h; 2. Autosampler 10°C for 4 h; 3. Three complete freeze—thaw cycles (—80°C to room
temperature); 4. Leave at —80°C for 5 weeks. According to the requirements, the accuracy and precision of each sample
should be within £ 15% at each concentration level.

Results
Method Development

A comparison and analysis of solid-phase extraction, liquid-liquid extraction, and protein precipitation method was
conducted to improve the practicality and convenience of sample preparation. The protein precipitation method was more
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Figure 2 Representative chromatograms of baricitinib and IS in human plasma: (A) blank plasma; (B) blank plasma spiked with analyte at LLOQ and IS; (C) human plasma
sample after oral dose of 4 mg baricitinib.

in line with the purpose of this study, with good recovery, small matrix effects, and fast analysis. Acetonitrile had a lower

matrix effect and higher sensitivity response than methanol and was ultimately selected as the precipitation solvent for

protein precipitation.

In order to produce a good analytical chromatogram for baricitinib by UPLC-MS/MS, the chromatographic condi-

tions, and the collision energy of the mass spectrometry had been carefully explored. We tested two types of columns for
baricitinib with Acquity BEH C18 column (2.1 mm X 50 mm, 1.7 pm; Milford, MA, USA) and Acquity BEH C18
column (2.1 mm x 100 mm, 1.7 um; Milford, MA, USA). After observing the parameters and symmetry of the peak

shape, we selected the first column for chromatographic analysis, which also had a short retention time. In addition,
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acetonitrile and 0.05% trifluoroacetic acid as the mobile phase was used and eluted at a flow rate of 0.4 mL/min, but the
sensitivity was poor and the peak pattern was distorted. Therefore, we made a new choice of acetonitrile and 0.1% formic
acid as the mobile phase, and the results shown in Figure 2 were obtained.

The transition of ion energy in a mass spectrometer is critical for the detection intensity of parent ion and daughter
ion. If the collision energy is too low, the parent ion cannot form a daughter ion; if the collision energy is too high, the
daughter ion may broken into smaller ions. Finally, under our groping, the cone voltages for baricitinib and IS were 20
V and 30 V, and the collision energy were 30 eV and 25 eV, respectively. Baricitinib and IS generated protonated
molecular ions in positive ion mode. The most abundant fragment ions in MRM were m/z 372.44—250.97 for baricitinib
and m/z 380.90—255.99 for IS, respectively (Figure 1).

Method Validation

Selectivity

Figure 2 presented typical chromatograms under three distinct conditions: a sample from blank plasma (A; without
analyte or IS), a sample from blank plasma spiked with the target analyte at LLOQ concentration and IS (B), and
a genuine human sample acquired after oral administration of 4 mg baricitinib (C). From the Figure 2, the retention time
of both baricitinib and IS in the chromatogram was 1.15 min. The detection of baricitinib and IS in human plasma
showed that there was no interference, and it showed strong detection signal and good peak shape. Therefore, the method
had good selectivity for baricitinib in this study.

Calibration Curve and LLOQ

The linear regression equation of baricitinib for the calibration curve obtained in this study was y = (0.00343954*x +
0.00411251, #* = 0.994). The LLOQ was 1 ng/mL for baricitinib. In addition, the intra-day precision (RSD%) and
accuracy (RE%) were 3.2% and 14.6%, respectively, while the inter-day precision and accuracy were 6.3% and 11.4%,
respectively (Table 1).

Accuracy and Precision

The precision and accuracy of the method were calculated by measuring the concentrations of QC samples for three
consecutive days, including intra-day and inter-day precision and accuracy. The QC sample concentrations were 1, 2,
40, and 80 ng/mL, respectively (n = 6). The results were shown in Table 1. Intra-day precision ranged from 3.2% to
6.3%, and accuracy covered from —1.5% to 14.6%; inter-day precision ranged from 5.7% to 7.6%, and accuracy
covered from —4.9% to 11.4%. According to the requirements of —15% < RE < 15% and RSD <15%, the method met

the requirements.
Recovery and Matrix Effect

The average recovery of baricitinib ranged from 101.1% to 103.8%, and the matrix effect of baricitinib ranged from
99.5% to 108.2% for QC samples at 2, 40 and 80 ng/mL (Table 2).

Table | The Precision and Accuracy of Baricitinib in Human Plasma

(n=6)

Analyte Concentration Intra-day Inter-day

(ng/mL)
RSD% | RE% | RSD% | RE%

Baricitinib | | 32 146 | 63 11.4
2 38 33 7.6 1.9
40 54 -1.5 | 57 —4.9
80 6.3 -05 | 64 —0.1

Abbreviations: RSD, Relative Standard Deviation; RE, Relative Error.
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Stability

Table 2 Recovery and Matrix Effect of Baricitinib in Human Plasma (n = 6)

Analyte Concentration Recovery (%) Matrix effect (%)
(ng/mL)
Mean £ SD | RSD (%) | Mean £ SD | RSD (%)
Baricitinib | 2 101.1£9.5 9.4 108.2+2.6 24
40 103.1£5.3 5.1 99.5+5.6 5.6
80 103.8+3.0 2.9 101.06.1 6.0

Abbreviations:

SD, Standard Deviation; RSD, Relative Standard Deviation.

In order to explore the stability of baricitinib in human plasma, we performed the test under the following different

conditions: 1. Leave at room temperature for 2 h; 2. Autosampler 10°C for 4 h; 3. Three complete freeze—thaw cycles

(—80°C to room temperature); 4. Leave at —80°C for 5 weeks. The results are shown in Table 3, and they were considered

stable after data analysis.

Analysis of Human Samples
A total of 22 COVID-19 patients were treated with baricitinib, and plasma concentration of baricitinib was measured

throughout the study. The median detecting time point was 7-8 days after once-daily baricitinib administration. The

mean plasma concentration of patients was 15.36 ng/mL at 2 mg/day and 12.64 ng/mL at 4 mg/day (Table 4).
p p g g/aay g g/aay

Table 3 Stability Results of Baricitinib in Plasma Under Different Conditions (n = 6)

Analyte Concentration | Room Temperature, 2 h | Autosampler 10°C, 4 h | Three Freeze-Thaw | —80°C, 5 weeks
(ng/mL)
RSD% RE% RSD% RE% RSD% RE% RSD% RE%
Baricitinib | 2 12.7 55 8.6 0.0 10.2 2.2 7.4 6.1
40 3.9 3.1 6.8 -0.5 4.8 -0.2 6.8 0.5
80 2.8 2.0 5.0 2.2 3.4 1.4 2.2 2.8
Abbreviations: RSD, Relative Standard Deviation; RE, Relative Error.
Table 4 Individualized Monitoring of Baricitinib in 22 COVID-19 Patients
Variable Overall, Individualized Analysis of Baricitinib | p-value®
N = 22°
2 mg 4 mg
N =7 (32%)* N =15 (68%)*
Gender 0.263
Female 4 (18.18%) 0 (0.00%) 4 (26.67%)
Male 18 (81.82%) 7 (100.00%) 11 (73.33%)
Age 73.00 [65.25, 79.75] | 66.00 [29.00, 77.00] | 75.00 [70.50, 80.50] 0.148
BMI 2531 (2.57) 26.33 (3.73) 24.83 (1.78) 0.438
eGFR 79.91 (30.27) 70.10 (44.95) 84.49 (20.92) 0.274
Urine output, mL 1707.82 (672.61) 1896.00 (851.77) 1620.00 (584.55) 0.383
Sample collection time point, h 15.73 (4.38) 18.73 (4.74) 14.33 (3.54) 0.024
Concentration, ng/mL 13.08 [4.02, 23.38] 15.36 [6.54, 16.44] 12.64 [3.84, 26.27] >0.999
Antiviral drugs 0.361
0 11 (50.00%) 2 (28.57%) 9 (60.00%)
| 11 (50.00%) 5 (71.43%) 6 (40.00%)
(Continued)
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Table 4 (Continued).

Variable Overall, Individualized Analysis of Baricitinib | p-value®
N =22
2 mg 4 mg
N =7 (32%)* N = 15 (68%)*
Corticosteroid >0.999
0 2 (9.09%) I (14.29%) | (6.67%)
| 20 (90.91%) 6 (85.71%) 14 (93.33%)
Traditional Chinese medicine >0.999
0 17 (77.27%) 5 (71.43%) 12 (80.00%)
| 5 (22.73%) 2 (28.57%) 3 (20.00%)
Biologics OR immunosuppressant 0.054
0 16 (72.73%) 3 (42.86%) 13 (86.67%)
| 6 (27.27%) 4 (57.14%) 2 (13.33%)

Notes: °n (%); Median [IQR]; Mean (SD). ®Wilcoxon rank sum test.

Discussion

TDM is a strategy for maximizing drug effectiveness and lowering the incidence of adverse drug effects (ADRs) across
different drug categories, especially in cases where pharmacokinetics is influenced by physiological or pathological factors.'
In healthy volunteers, the pharmacokinetics of baricitinib follow a linear pattern, showing a dose-proportional rise in systemic
exposure within the therapeutic dose range.'> When administered orally, baricitinib is absorbed rapidly, achieving a median
peak time of roughly 1 hour, with an 80% absolute bioavailability, and is predominantly spread throughout tissues.'?
A population pharmacokinetic (popPK) analysis in 18 adult and pediatric patients with rheumatoid arthritis shows the average
area under the concentration—time curve (AUC) was 1.83 times greater than that of baricitinib in adult patients at therapeutic
doses.'® Thus Cafaro et al presented an LC-MS/MS approach for the TDM of baricitinib, intended to support refining therapy
in children.'” Massart found that there was notable variability among patients and relatively low trough concentrations and
AUC in critically ill COVID-19 patients taking the standard 4 mg/day dose of baricitinib.'® Another research showed that in
a critically ill COVID-19 patient undergoing continuous venovenous haemodialysis (CVVHD), a 2-mg dose of baricitinib
results in a Cpay similar to that in healthy individuals, although total clearance is reduced to approximately 20%."
Consequently, reliable techniques for measuring drug levels in patient plasma are vital for advancing TDM practices and
detailing the pharmacokinetic/pharmacodynamic characteristics of baricitinib.

The quantitative detection of baricitinib in plasma established in this study has certain advantages. Protein precipita-
tion technology is a popular purification method and is widely used as a rapid sample preparation technique for
bioanalysis. Veeraraghavan’s study reported a 7.5 min run time for quantifying the concentration of baricitinib in plasma
using protein precipitation.”® Tachet J developed and validated a 7 min analytical run time assay in plasma of 6 major
currently used JAKi in patients with polycythemia vera (PV).?! Koller D used microelution-solid phase extraction in
protein precipitation and applied it to the simultaneous monitoring of 11 tyrosine kinase inhibitors (TKIs) in human
plasma.** Ezzeldin E extracted baricitinib from plasma by liquid—liquid extraction for observation of baricitinib in rat
plasma and applied it in a pharmacokinetic study.>> Compared to those study, the analysis time of baricitinib was reduced
to 2.0 min with more simplified processing steps. Compared with liquid-liquid extraction, the protein precipitation
technology of acetonitrile as precipitant used in this study had a good recovery and matrix effect, and had obvious
advantages in the sample preparation process, with simple process operation and small precipitant dosage. Therefore, the
methodology established in this study is a high-efficiency detection method.

The outcome of human samples showed that there was no difference in gender, age, BMI, eGFR, urine output,
concomitant use of antiviral drugs, steroids, or traditional Chinese medicine between the 2 mg and 4 mg groups. We also
observed a lower plasma concentration of baricitinib at a dose of 4 mg/day compared to the 2 mg dose. This may be due to
the underlying conditions in the 2 mg group, which included renal insufficiency, post-liver/renal transplant, or post-allogeneic
hematopoietic stem cell transplantation, making them more complicated than those in the 4 mg group. And the number of
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patients was small and the sample collection time points between the two groups were not even, which was a limitation of
this study. In addition, concomitant medications may affect the outcome of baricitinib plasma concentration.

Conclusion

We developed a novel and accurate UPLC-MS/MS method to measure plasma levels of baricitinib in COVID-19
patients. Furthermore, monitoring the plasma levels of baricitinib in COVID-19 patients helps in developing personalized
treatment strategies.

Disclosure
The authors report no conflicts of interest in this work.
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