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Abstract
Background: Monitoring the level of anticoagulation by rivaroxaban in patients with non-valvular atrial �brillation (NVAF) is valuable in clinical
practice. Our study aimed to measure the plasma levels of rivaroxaban both by chromogenic anti-Xa assays and ultra-high performance liquid
chromatography with tandem mass spectrometry (UHPLC-MS/MS) in Chinese patients with NVAF, and compare with the expected drug levels.

Materials and methods: A prospective clinical study was conducted to include NVAF patients taking rivaroxaban. Rivaroxaban levels were
determined using UHPLC-MS/MS and chromogenic anti-Xa assays (Biophen DiXal and Zhenyuan anti-Xa). The correlation and agreement
among measurements by different assays were evaluated. The rivaroxaban levels in Chinese patients were also compared with the expected
drug levels, which were estimated from previous clinical trials and widely accepted.

Results: A total of 243 plasma samples were collected from 182 patients. Results measured using the two chromogenic anti-Xa assays were
both linearly correlated with those measured using UHPLC-MS/MS, especially in the range of 50–200 ng/mL, but the concentrations
determined using anti-Xa assays were systematically underestimated. Rivaroxaban levels measured by either UHPLC-MS/MS or chromogenic
anti-Xa assays were both larger than the expected ranges. There was no difference in the distribution of concentration whether the patients
took an appropriate dose or not. However, for Chinese patients with an inappropriate lower dose, trough concentrations were less likely to
exceed the expected concentration ranges.

Conclusion: Rivaroxaban concentration in patients with NVAF were highly variable compared to the expected ranges estimated from clinical
trials, whether measured by UHPLC-MS/MS or chromogenic anti-Xa assays. Chinese patients taking an appropriate rivaroxaban dose are more
likely to obtain a rivaroxaban concentration level higher than expected, independent on the assay used. 

1. Introduction
Rivaroxaban, a direct factor Xa inhibitor, is a novel oral anticoagulant (NOAC) widely used for stroke prevention in patients with non-valvular
atrial �brillation (NVAF) [1, 2]. Rivaroxaban has predictable pharmacokinetic and pharmacodynamic pro�les, and a �xed dose can be applied in
most patients [3]. Regular therapeutic drug monitoring of rivaroxaban is not necessary [4]. However, in some speci�c clinical situations, quick
quantitative measurements of drug levels could aid medical decisions. These clinical situations include bleeding, accidental or intentional
overdose, determination of treatment interruption before an elective surgery, judgement about medication adherence, accumulation of drugs in
kidney failure, and so on [5–7].

The most precise quantitative method for the measurement of rivaroxaban plasma concentration is liquid chromatography with tandem mass
spectrometry (LC-MS/MS) and is considered as the gold standard [8, 9]. However, this method is usually not available in most clinical settings;
moreover, it is not fast enough to address clinical emergencies [10]. The chromogenic anti-Xa assay is recommended as a simpler and quicker
quantitative method to assess the level of rivaroxaban in human plasma [11].

Few studies have assessed the correlation of some commercial chromogenic anti-Xa assay kits with the high performance LC-MS/MS (HPLC-
MS/MS) method, such as Biophen® DiXal, and it is widely believed that the chromogenic anti-Xa assays are comparable to HPLC-MS/MS [12–
21]. A homebred chromogenic anti-Xa assay, Zhenyuan anti-FXa, was also approved by the National Medical Products Administration (NMPA)
of China [22]. However, its accuracy and sensitivity have not been evaluated and reported to date.

Currently, expected ranges of rivaroxaban plasma trough concentration (Ctrough, 12–137 µg/L) and peak concentration (Cmax, 184–343 µg/L)
had been estimated from clinical trials [2], which also has been widely accepted [10, 11, 23]. Considering the special ethnic characteristics of
Asian population compared to the Caucasian population, it`s believed that the pharmacokinetics (PK) of rivaroxaban was different, and some
studies had reported a higher-than-expected NOAC levels in Asian population [24, 25]. However, limited data had been reported in Chinese
patients from real-world clinical setting.

The aims of this study were to (i) determine the rivaroxaban concentration of Chinese patients with NVAF by ultra-high performance LC-MS/MS
(UHPLC-MS/MS) and two anti-Xa factor assays (Biophen® DiXal and Zhenyuan anti-Xa) and assess the correlation and agreement between
different measurements; (ii) compare the concentration measurements from Chinese patients to the reported expected ranges.

2. Materials And Methods

2.1 Patients
A prospective single-centre study was conducted at Huashan Hospital, Fudan University, from 1 September 2020 to 30 June 2021. The study
enrolled patients who were diagnosed with NVAF and treated with rivaroxaban to reach a steady state. For each participant, demographic
characteristics, laboratorial tests, medication information were collected at enrollment. CrCl was calculated using Cockcroft-Gault method.
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Moreover, CHA2DS2-VASc scores and HAS-BLED scores for each patient were calculated to assess the risk of thromboembolism and bleeding.
The study was approved by the Ethics Committee of Huashan Hospital (KY2020-016). Informed consent was obtained from each participant.

Patients would be grouped into two groups: “appropriate dose group” or “inappropriate dose group” according to CrCl. As stated in package
insert, 20 mg for patients with CrCl ≥ 50 mL/min and 15 mg for patients with CrCl 15–49 mL/min would be regarded as “appropriate dose”.
Other cases would be considered as “inappropriate dose”.

2.2 Sampling
For inpatients, three blood samples were collected at different time points: before dosing, 3 ± 0.5 h and 7 ± 0.5 h after dosing. For outpatients,
blood samples were collected opportunistically. The timing for sampling was recorded. For inpatients, the timing of rivaroxaban intake was
recorded by nurses; for outpatients, it was recorded by the patients themselves.

For each sampling, 2.7 mL blood samples were collected into 0.109 mol/L trisodium citrate-containing tubes. Within 4 h of sample collection,
the collected samples were temporarily stored at 4°C. Platelet-poor plasma was prepared by centrifugation at 3000 × g for 10 min at 20°C. The
processed samples were transferred into coded plastic tubes: 100 µL for the measurement of rivaroxaban plasma concentration, 200 µL for the
chromogenic assay by Biophen DiXal, and 500 µL for the chromogenic assay by Zhenyuan anti-Xa. All samples were stored at − 80°C
immediately after processing and were analysed within 3 months.

The study was approved by the Ethics Committee of Huashan Hospital and was conducted in accordance with the Declaration of Helsinki
(2013). All participants signed an informed consent before enrollment.

2.3 Bioanalysis

2.3.1 Ultra-high performance liquid chromatography with tandem mass
spectrometry
The rivaroxaban plasma concentrations were measured by UHPLC-MS/MS, as described previously [26]. Brie�y, 100 µL human plasma
samples were mixed with 890 µL of methanol and 10 µL of internal standard (IS, rivaroxaban-d4) and were centrifuged. The residuals were
dried with nitrogen gas at room temperature and were treated with 100 µL of 1% (v/v) formic acid (FA). After centrifugation, 50 µL of the
supernatant was mixed with 450 µL of water, and 2 µL of the resulting mixture was injected into the UHPLC-MS/MS system.

Liquid chromatography was performed using the Agilent 1290 in�nity series UHPLC system (Agilent Technologies, Santa Clara, CA, USA) and
the Agilent ZORBAX Eclipse XDB-C18 (3.5 µm, 2.1 × 100 mm) column, with mobile phase A (0.1% FA in water) and phase B (0.1% FA in
acetonitrile). Mass spectrometric analysis was conducted using a 6500 QTRAP®System (SCIEX, USA) triple quadrupole mass spectrometer
detector coupled to an electrospray ion (ESI) source.

The calibration curve was linear over the range of 1–1000 ng/mL. The accuracy ranged from 85.9–105%, and the precision was lower than
6.18% variable coe�cient at the lower limit of detection (0.5 ng/mL) and at three quality control levels (4, 40, and 400 ng/mL).

2.3.2 Chromogenic anti-Xa assays
Chromogenic anti-Xa assays were performed using two commercial assays, Biophen® DiXal or Biophen® DiXal Low (HYPHEN BioMed,
Neuville-sur-Oise, France) and Zhenyuan anti-Xa (Vascutech Diagnosis, Shanghai, China). These two assays are both chromogenic assays for
the quantitative measurement of direct FXa inhibitors in human citrated blood plasma. Raw results from the two anti-Xa assays, which were
both reported as optical density (OD) value/min by the analysers, were transformed into concentrations based on the calibration curves.

The Biophen® DiXal test was performed according to the manufacturer’s instructions on a CN6000 coagulometer (TOA Medical Electronics Co.,
Kobe, Japan). Biophen® rivaroxaban control and calibrators for normal and low plasma concentrations were purchased from HYPHEN Biomed
Inc. (Neuville-sur-Oise, France). The calibration ranges of Biophen® DiXal and Biophen® DiXal Low were 0–500 and 0–100 ng/mL,
respectively. In each working session, two quantity control (QC) samples were tested separately before determination of the plasma samples.
Samples lower than 80 ng/mL detected by UHPLC-MS/MS were analysed with Biophen® DiXal Low. Concentrations below 14 ng/mL were not
directly reported by the analyser. Based on the original calibration curve and linear relationship between the OD/min and concentration
established by the calibrated samples, we manually calculated the estimated concentration with the individual values.

The Zhenyuan anti-Xa test was performed according to the manufacturer’s instructions on an ACL TOP 700 CTS coagulometer (Werfen
Medical Device Trading Company, Spain). Matched rivaroxaban controls and calibrators were used in this study. The calibration range of
Zhenyuan anti-Xa was 0–450 ng/mL. The Zhenyuan anti-Xa assay included �ve levels of rivaroxaban calibrators, which were approximately 0,
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60, 120, 320, and 480 ng/mL, with speci�city within batches. Two QC samples, approximately 100 and 200 ng/mL, were tested separately
before the determination of the plasma samples.

2.4 Statistical analysis
Statistical analyses were performed using R software (version 4.1.1, R Foundation for Statistical Computing, Vienna, Austria). Baseline
characteristics of patients were presented as mean ± SD (for continuous variables) or count (for categorical variables).

Comparisons of the rivaroxaban plasma concentrations by Biophen® DiXal and UHPLC-MS/MS method, Zhenyuan anti-Xa and UHPLC-MS/MS
were done using Spearman correlation analysis, Deming regression and Bland-Altman analyses. Referring to the previous literatures[15],
samples were also grouped for subgroup analysis according to the measured concentration (< 50 µg/L, 50–200 µg/L and > 200 µg/L).
Moreover, rivaroxaban concentrations measured in our study were compared with the reported expected ranges (Cmax 184–343 µg/L, Ctrough

12–137 µg/L)[2].

3. Results

3.1 Patients and samples
A total of 243 samples from 182 patients taking rivaroxaban were collected. The demographics of patients were shown in Table 1. Of the 182
patients, the proportion of patients with CrCl 15–49, 50–79 and > 80 mL/min were 19.8%, 44.0% and 36.2%. 97 patients (53.5%) were
prescribed inappropriate rivaroxaban doses, of which 17.5%, 50.5% and 32.0% were with CrCl 15–49, 50–79 and > 80 mL/min, respectively.
Most prescribed inappropriate doses were lower than the appropriate doses. Among patients with CrCl < 50 mL/min, 4 patients (11.1%) were
prescribed an inappropriate higher dose.

Table 1
Baseline characteristics of patients

Variables Median (range)/count Mean ± SD

Male/female 102/80 /

Age (years) 68 [28–96] 66.84 ± 11.74

Body weight (kg) 67.5 [36.5–106] 68.46 ± 12.49

Daily dose (mg) 15 [5–20] 15.8 ± 3.9

CHA2SDS2-VASc score 3 [0–7] 2.71 ± 1.66

HAS-BLED score 2 [0–7] 2.41 ± 1.2

Hemoglobin (g/L) 133 [62–191] 133.92 ± 20.86

Alanine aminotransferase (U/L) 21 [3-204] 27.04 ± 22.56

Aspartate aminotransferase (U/L) 21 [8–75] 23.37 ± 11.13

Total bilirubin (µmol/L) 11.6 [3.3–63.3] 14.62 ± 9.43

Albumin (g/L) 40 [30–50] 39.79 ± 4.09

Serum creatinine (mg/dL) 0.92 [0.25–2.85] 0.94 ± 0.33

Creatinine clearance (mL/min) 71.0 [19.1-163.5] 75.7 ± 29.7

Of the 243 samples, 166, 40, and 37 were taken at 19.5–26 h after the previous dose, 1.5–4 h after dosing, and 4.5–13 h after dosing,
respectively. The rivaroxaban plasma concentration ranged from 1.06 to 632.9 ng/mL by UHPLC-MS/MS; from 0 to 460.44 ng/mL by
Biophen® DiXal; and from 0 to 334.20 ng/mL by Zhenyuan anti-Xa. Scatterplots of rivaroxaban plasma concentration along with the time after
dose are shown in Fig. 1.

In general, variation of peak samples was greater than that of the trough samples. For trough samples, rivaroxaban concentration determined
by the UHPLC-MS/MS, Biophen® DiXal and Zhenyuan anti-Xa ranged from 1.06 to 261.00 ng/mL, 0 to 243.97 ng/mL, and 0 to 194.87 ng/mL,
respectively.

Thirty-six samples determined by Biophen® DiXal were < 14 ng/mL. Therefore, the concentration was estimated using raw OD ratios. Three
samples were measured as 0 ng/mL, and their corresponding concentrations determined by UHPLC-MS/MS were all < 4 ng/mL. The
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measurement of 63 samples was 0 ng/mL determined by Zhenyuan anti-Xa, and their corresponding concentration by UHPLC-MS/MS ranged
from 1.06 to 66.1 ng/mL.

3.2 Correlation between anti-Xa factor assays and UHPLC-MS/MS
Results from Biophen DiXal and UHPLC-MS/MS, Zhenyuan and UHPLC-MS/MS analyses both showed a strong linear relationship (Fig. 2). The
Spearman correlation coe�cient and slope in the Deming regression between Biophen DiXal and UHPLC-MS/MS were closer to 1, compared to
that between Zhenyuan and UHPLC-MS/MS (Table 2).

The bias from the Bland–Altman analysis was 15.10 ng/mL and 41.87 ng/mL for Biophen DiXal and Zhenyuan, respectively. Overall
underestimated measurements were detected by anti-Xa factor assays than by UHPLC-MS/MS. In addition, the extent of underestimation by
the Zhenyuan anti-Xa was greater than that by Biophen® DiXal (Fig. 3). Subgroup analysis showed that samples 50–200 ng/mL measured by
both anti-Xa factor assays had the best correlation and agreement with the results from UHPLC-MS/MS (Table 2). Zhenyuan could not
determine most samples with concentration < 50 ng/mL, manifesting as a linear relationship in the Bland-Altman plot. For samples > 200
ng/mL, both anti-Xa factor assays showed an obvious underestimation (Supplementary Fig. 1).

Table 2
Correlation statistics between coagulation assays and rivaroxaban plasma concentration measured by UHPLC-MS/MS in patients with non-

valvular atrial �brillation

  < 50 µg/L (n = 104) 50–200 µg/L (n = 
93)

> 200 µg/L (n = 46) Total

Biophen DiXal        

  Pearson`s correlation coe�cient
(95% CI)

0.87 (0.83, 0.90) 0.98 (0.95, 0.98) 0.89 (0.53, 0.96) 0.987 (0.978, 0.990)

  Deming regression        

      Slope (95% CI) 0.93 (0.81, 1.05) 0.96 (0.86, 1.05) 0.72 (0.64, 0.79) 0.83 (0.79, 0.87)

      Intercept (95% CI) -0.26 (-2.88, 2.37) -8.62 (-17.51, 0.27) 39.8 (19.27, 60.33) 3.87 (0.74, 7.01)

Zhenyuan anti-Xa        

    Pearson`s correlation coe�cient
(95% CI)

0.71 (0.55, 0.79) 0.94 (0.91, 0.96) 0.85 (0.61, 0.93) 0.976 (0.965, 0.983)

    Deming regression        

      Slope (95% CI) 0.52 (0.40, 0.64) 0.92 (0.81, 1.03) 0.58 (0.49, 0.67) 0.68 (0.65, 0.72)

      Intercept (95% CI) -6.80 (-9.20, -4.40) -27.80 (-38.85,
-16.76)

22.83 (-3.85, 49.52) -6.90 (-10.07, -3.73)

Prothrombin time (Thromborel S)        

    Pearson`s correlation coe�cient
(95% CI)

0.15 (-0.06, 0.34) 0.27 (0.02, 0.46) 0.24 (-0.06, 0.53) 0.57 (0.47, 0.67)

    Deming regression        

      Slope (95% CI) 0.0181 (-0.006,
0.0420)

0.0147 (0.0002,
0.0274)

0.0073 (-0.0015,
0.0162)

0.0133 (0.0104,
0.0163)

      Intercept (95% CI) 12.75 (12.08,
13.43)

13.20 (11.84, 14.56) 15.07 (12.02, 18.12) 13.11 (12.77, 13.45)

3.3 Anticoagulant monitoring for patients by different assay methods
The distribution of rivaroxaban concentration according to CrCl and the appropriateness of prescribed dose was shown in Fig. 4. Considering
different assay used, the proportion of concentration falling within the expected ranges differed greatly. Of all the samples collected 1.5-4 h
after dosing (n = 40), the concentrations falling within the expected ranges were 60%, 57.5% and 37.5% by UHPLC-MS/MS, Biophen DiXal and
Zhenyuan, respectively. Of all samples collected 19.5–26 h after dosing (n = 166), the concentrations falling within the expected ranges were
74.1%, 75.3% and 46.4% by UHPLC-MS/MS, Biophen DiXal and Zhenyuan, respectively.

There was no signi�cant difference in the distribution of concentration for patients with different renal function, no matter whether took an
appropriate dose or not. However, for patients with CrCl > 80 mL/min, those with trough concentrations higher than expected range were
generally taking appropriate doses. Similarly, more than half of patients with CrCl 50–79 mL/min were prescribed inappropriate lower dose,
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and the trough concentration were less likely to exceed the expected range, even though some samples collected 4 h after dosing were still
higher than the expected range of Cmax.

4. Discussion
In this study, rivaroxaban levels were measured by two chromogenic anti-Xa assays and UHPLC-MS/MS method in 243 samples from 182
rivaroxaban-treated Chinese patients with NVAF. Results showed that a wider range of rivaroxaban concentration from Chinese patients in real-
world clinical setting compared to the expected range from clinical trial, no matter what kind of method was used. Moreover, chromogenic anti-
Xa assays showed a good correlation with the UHPLC-MS/MS over the range of 50–200 ng/mL, but with a trend of underestimation over the
whole range.

A large inter-individual variability of rivaroxaban plasma concentration was observed, and the variability was greatest by UHPLC-MS /MS,
followed by Biophen DiXal and Zhenyuan. This range is consistent with previous reports in patients or healthy volunteers [15, 18, 19, 27]. Our
studies showed a larger inter-individual variability in both peak levels (115.8–600 ng/mL) and trough levels (1.06–261 ng/mL) measured by
UHPLC-MS/MS, compared to previously expected ranges for Cmax (178–343 ng/mL) and Ctrough (12–137 ng/mL) for NVAF patients taking 20
mg qd with CrCl ≥ 50 mL/min [2]. The variability of trough and peak concentrations measured in our study was greater, which could be
explained by the fact that some patients took a relatively low dose (5 mg qd) and the higher inter-individual variability in patients from real-
world clinical practice than in the clinical trial [14].

We observed a high proportion of patients who were not prescribed an inappropriate dose, especially for those with CrCl 50–79 mL/min.
Meanwhile, these patients with CrCl 50–79 mL/min had a lower probability of trough concentrations exceeding the expected range, compared
to patients with CrCl 15–49 or > 80 mL/min. Lower prescribed NOAC doses in Asian population have been widely reported previously, perhaps
due to the consideration of lower body weight, higher proportion of elderly, higher risk of bleeding of Asians[28–31]. Although there was a gap
between the rivaroxaban exposure and clinical outcomes till now, some studies showed that a lower rivaroxaban dose did not reduce drug
effectiveness and improve the safety in some patients [29, 31, 32].

Chromogenic anti-Xa assays showed a good linear correlation with UHPLC-MS/MS over the quantitative range. However, results showed that
there is a systematic underestimation by the chromogenic anti-Xa assays, and the median bias in Biophen DiXal (15.1 ng/mL) was less than in
Zhenyuan anti-Xa (41.9 ng/mL). This could be explained by the fact that anti-Xa assays did not directly measure the physical quantity of
rivaroxaban in plasma samples, but measured the OD value of chromogenic products hydrolysed from residual FXa based on the assumption
that the amount of chromogenic product was proportional to the level of factor activity in the samples[33, 34]. Therefore, anti-Xa assays may
not be appropriate in scenarios requiring the detection of low concentrations, such as treatment interruption before an elective surgery,
accumulation of drugs in kidney failure, judgement about medication adherence, and so on.

A few studies have reported the correlation between Biophen DiXal and HPLC-MS/MS in plasma samples [13–15, 18–20]. In general, Biophen
DiXal showed a good correlation with HPLC-MS/MS, especially for concentrations < 200 ng/mL. The overall bias for Biophen DiXal was at 15.1
ng/mL, which was within the range reported in previous studies (-11.3 to 28.7 ng/mL) [13–15, 18–20]. Due to the limited sample size, the
majority of previous studies could only assess correlation in samples with concentrations < 200 ng/mL, or only included several samples with
high levels of concentration. Our study included 46 samples > 200 ng/mL and demonstrated that the anti-Xa assays may not be accurate
enough for high-level samples.

Zhenyuan anti-Xa has been approved for several years by the NMPA; however, its correlation with HPLC-MS/MS has not yet been reported. Only
a few studies have assessed its precision, accuracy, and linearity in healthy volunteers [35], or measured peak and trough concentrations in
NVAF patients [36]. Our study demonstrated that Zhenyuan anti-Xa may be used to measure concentrations between 50–200 ng/mL. It should
be recognised that Zhenyuan anti-Xa was only approved for the quantitative analysis of low molecular weight heparin and unfractionated
heparin in clinical settings. Even though we used the rivaroxaban-speci�c control and calibrator samples, the accuracy and sensitivity of
Zhenyuan anti-Xa were still inferior to Biophen DiXal overall, which indicates need for further optimisation of this assay.

In clinical practice, trough samples are frequently used to assess the degree of anticoagulation for patients in non-emergent situations [5]. In
the subgroup analysis of trough concentrations at different doses, we found that Biophen DiXal exhibited better accuracy and precision than
Zhenyuan anti-Xa. The application of Zhenyuan anti-Xa in the measurement of trough concentration may be limited, especially for patients
taking rivaroxaban lower than 10 mg qd. It should be noted that a trough concentration of 0 ng/mL by Zhenyuan anti-Xa does not exclude the
absence of rivaroxaban.

Our study has several limitations. First, we did not compare the correlation of the Biophen DiXal standard calibrator and low calibrator in the
same sample. The Biophen DiXal Low calibrator was only used for samples < 80 ng/mL, and other samples were measured with a standard
calibrator. Second, we only included 46 samples > 200 ng/mL, which may limit the interpretation of the correlation at high concentrations.
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Further studies may focus on the comparison of samples with high concentrations, which are common in clinical situations, such as major
bleeding, overdose, and accumulation of rivaroxaban in renal failure [5–7]. Third, the lack of data about clinical outcome prevented us from
analyzing dose-response relationship in Chinese patients. The results could only focus on the concentration level till now.

5. Conclusion
In conclusion, compared with the expected ranges of rivaroxaban concentration estimated from clinical trials, the measured concentration in
patients with NVAF from real-world clinical setting were with higher inter-individual variability. The results were independent on the assays used,
including UHPLC-MS/MS and chromogenic anti-Xa assays. When prescribed an appropriate rivaroxaban dose, the rivaroxaban concentration in
some Chinese patients tended to exceed the expected ranges.
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Figures

Figure 1
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Scatterplots of rivaroxaban plasma concentration measured by (a) UHPLC-MS/MS; anti-Xa assays measured by (b) Biophen DiXal, (c)
Zhenyuan anti-Xa with the time after last dose

Figure 2

Linear regression between (a) Biophen DiXal, (b) Zhenyuan anti-Xa and UHPLC-MS/MS

Figure 3

Bland–Altman analyses comparing UHPLC-MS/MS, Biophen DiXal, Zhenyuan anti-Xa
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Figure 4

The distribution of rivaroxaban concentration according to creatinine clearance and the appropriateness of prescribed doses
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