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Short report

Clinical evaluation of an authorized medical equipment based on high performance liquid chromatography for measurement of serum voriconazole concentration
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Abstract
Background
Therapeutic drug monitoring for voriconazole is recommended for its optimum pharmacotherapy. Although the feedback of the measurement result of serum voriconazole concentration by outsourcing needs a certain time (days within a 1 week), there was no medical equipment for the measurement available in clinical practice. Recently, a medical equipment based on high performance liquid chromatography, named LM1010, has been developed and authorized for clinical use. In this study, to validate the clinical performance of LM1010, we compared the measured serum voriconazole concentrations by LM1010 with those by outsourcing measurement using liquid chromatography-tandem mass spectrometry.

Methods
We conducted the observational study approved by the institutional review board of Kumamoto University Hospital (No. 1786). Residual serum samples harvested for therapeutic drug monitoring were separated. Measured concentrations by LM1010 by the standard filter method (needs serum volume of > 400 μL) or the dilute method (needs serum volume of 150 μL) were compared with those by outsourcing, respectively. Acceptable measurement error range of 0.72–1.33 was considered. There were 69 serum samples, where the 35 or 34 samples were employed for evaluation of the standard filter method or the dilute method, respectively.

Results
The measured concentration using the standard filter method/outsourcing was 2.22/2.10 μg/mL as the median, 1.57–3.40/1.53–3.62 as the interquartile range, < 0.2–10.76/< 0.2–11.46 μg/mL as the range, while those using the dilute method/outsourcing was 2.36/2.29 μg/mL as the median, 1.08–2.94/1.03–3.06 as the interquartile range, 0.24–10.00/< 0.2–10.85 μg/mL as the range. The regression line for the standard filter method or the dilute method were y = 0.935x + 0.154 or y = 0.933x + 0.162, respectively. The standard filter method or the dilute method showed 11.4% samples (4/35, 95%CI 3.2–26.7%) or 8.8% samples (3/34, 95%CI 1.9–23.7%) out of the acceptable measurement error range, respectively.

Conclusion
Measurement of serum voriconazole concentration by LM1010 can be acceptable in clinical TDM practice.

Supplementary Information
The online version contains supplementary material available at https://​doi.​org/​10.​1186/​s40780-021-00225-8.
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Background
Voriconazole, an azole antifungal agent, plays a pivotal role in the treatment of invasive aspergillosis [1]. For its optimum pharmacotherapy, therapeutic drug monitoring (TDM) is highly recommended based on TDM guideline, since dose dependent antifungal activity and hepatotoxicity have been frequently observed [2]. Therapeutic range at trough concentration of voriconazole has been introduced to be approximately 1–2 μg/mL as the lower limit and 4–5 μg/mL as the upper limit at 5–7 days after first dose [2]. For the measurement of serum voriconazole concentration, high performance liquid chromatography (HPLC) has been employed in clinical settings [3], although conventional HPLC needs special skills and plenty of time that can disturb usual clinical practice. Therefore, serum voriconazole concentration is inevitably measured by outsourcing, in which liquid chromatography-tandem mass spectrometry (LC-MS/MS) is used. However, it needs a certain time (days within a 1 week) to obtain the feedback of the measurement result, then opportunity for the dose optimization will come at more than 10 days after first dose at last. Because median days of therapy for development of voriconazole-induced hepatotoxicity is reportedly 10 days [4], the outsourcing measurement should be discouraged for maximal safe medication. It means that the measurement in individual hospitals should be encouraged. Nevertheless, none of medical equipment for the measurement of serum voriconazole concentration had been authorized in Japan, the situation can be of the serious concern in the treatment of invasive aspergillosis [1].
In 2020, a medical equipment for TDM was finally authorized in Japan (LM1010 High performance liquid chromatograph: LM1010, produced by HITACHI High-Tech Science, Tokyo), which can measure serum concentrations of 17 drugs including voriconazole based on HPLC. LM1010 automatically runs after pretreatment of samples (about 30 min required for 5 samples) and needs the least personal skills. Although the development for the measurement methods were reported [5], the clinical performance for each drug has yet to be evaluated. The aim of this study was to compare the measured serum voriconazole concentrations by LM1010 using HPLC with those by outsourcing measurement using LC-MS/MS.
Main text
This observational study was conducted after approval from the institutional review board of Kumamoto University Hospital (No. 1786). Written informed consent was waived and the information was open in an opt-out manner using the document displayed in our website, where the opportunity to be withdrawn from this study were also provided. Blood serum samples were treated by centrifugation in 13,000 g × 4 min using serum separating medium followed by obtaining serum samples, which were originally used for measurement of voriconazole concentration by outsourcing in usual clinical TDM practice. Its residual serum samples of > 400 μL were separated from January 2020 to March 2021 for this study. These samples were immediately managed on the day of samplings, then stored at − 80 °C in a deep freezer until measurement, which was performed within next 9 months. Pretreatment of the separated residual samples for measurement was as follows: First, a standard filter method allows to filter residual samples of > 400 μL using a 1 mL syringe (TERUMO, Tokyo) connected with 0.45 μm syringe filter (HITACHI High-Tech Science, Tokyo) followed by obtaining filtered samples of more than 150 μL. A dilute method allows to dilute residual samples of 150 μL using equivalent volume of ultrapure water by following centrifuged in 13,000 g × 4 min followed by obtaining diluted samples of 300 μL. Second, solid phase extraction (SPE) using Spin column (HITACHI High-Tech Science, Tokyo) was employed as the sample purification (the detailed flow was provided in Supplementary Fig. S1), then the eluted sample was applied to an auto-sampler basically installed in LM1010 (the available validation data was provided in Supplementary Table S1). LM1010 allows voriconazole assay using a calibration curve developed by only one concentration, a method of HPLC with ultraviolet detection as the analytical method. The one measurement cycle is 7 min. We used the evaluation system for LM1010 (separating column: LaChrom LM Type A, integrated) in this study (the detailed measurement condition was unavailable). The measured concentrations were compared with those by outsourcing using LC-MS/MS (BML, Inc., Tokyo). The acceptable measure was considered that a 95% confidence interval (CI) of the corresponding regression line in the case within an acceptable measurement error range. Because a measurement error for one sample can be permitted within 15% (0.85–1.15) [6], comparison using two concentrations (by LM1010/outsourcing) can lead to the acceptable measurement error range of 0.72–1.33. Measurements using the dilute method were performed by the first author, while the measurements using the standard filter method were performed by other students (listed in the authors) of third grade in School of Pharmacy of Kumamoto University who were all unfamiliar with the operation of any chromatography systems.
As the result, 69 serum samples were collected for the comparison, where the 35 or 34 samples were employed for evaluation of the standard filter method or the dilute method, respectively. The measured concentration using the standard filter method/outsourcing was 2.22/2.10 μg/mL as the median, 1.57–3.40/1.53–3.62 as the interquartile range, < 0.2–10.76/< 0.2–11.46 μg/mL as the range, while those using the dilute method/outsourcing was 2.36/2.29 μg/mL as the median, 1.08–2.94/1.03–3.06 as the interquartile range, 0.24–10.00/< 0.2–10.85 μg/mL as the range. The regression line for evaluations using the standard filter method or the dilute method were y = 0.935x + 0.154 or y = 0.933x + 0.162, as displayed in Fig. 1a and b, respectively. Both of the 95% CIs of the corresponding regression lines totally involved the line of y = x. Incidentally, 11.4% samples (4/35, 95%CI 3.2–26.7% based on binomial distribution) using the standard filter method or 8.8% samples (3/34, 95%CI 1.9–23.7% based on binomial distribution) using the dilute method were out of the acceptable measurement error range of 0.72–1.33. While systematic error was unobserved on the standard filter method, possible proportional error was observed on the dilute method based on Bland-Altman analysis (Supplementary Fig. S2a and b).
[image: ../images/40780_2021_225_Fig1_HTML.png]
Fig. 1Regression analysis for measured concentrations by LM1010 against outsourcing. The left panel is of the standard filter method, while the right panel is of the dilute method. White circles indicated measured values. Bold lines indicate regression lines. Dashed lines indicate 95% CI of corresponding regression lines. Shade area indicate the acceptable measurement error range of 0.72–1.32


This study compared the measured serum voriconazole concentrations by LM1010 with those by outsourcing. As informed by the slopes of < 1.0 of the corresponding regression lines, the concentrations by LM1010 may be smaller than those by outsourcing. However, the small bias is likely to be permitted in clinical TDM practice. Previous studies provided the similar bias [7, 8]. Next, 7 concentrations out of acceptable measurement error range were observed in total, where 4 (2 in the standard filter method, 2 in the dilute method) concentrations were higher in LM1010 than outsourcing, remained 3 concentrations (2 in the standard filter method, 1 in the dilute method) were higher in outsourcing than LM1010. Although the former 4 concentrations might be affected by the specificity of the measurement system, all the uncontaminated target peaks were observed (data not shown). Common medication and trend in laboratory abnormalities were unidentified among the 4 patients. These facts can lower the possibility concerning specificity. Although the latter 3 lowered concentration using LM1010 might be attributed to degradation due to storage in a deep freezer, the association between degradation and storage durations was not associated (Supplementary Fig. S2c and d). LM1010 has been validated without an internal standard, which might be unassociated with the difference. Heterogeneous concentration might be generated by flicking mixing in the last step of sample preparation, where vortex could guarantee exact mixing. Both the concerned characteristics based on patients and the technique will be evaluated further. More importantly, inter-center variability could be concerned. Although information of the variability has been unavailable for voriconazole, that for immunosuppressants and antiepileptics have been available [9, 10]. The slopes for antiepileptics were variable such as 0.791–1.04 [9]. The coefficient variables (CVs%) for tacrolimus between different apparatuses was also variable such as 10.0–52.0% [10]. These findings appeared potential inter-center variability in any measurements, and the measurement error observed in this study was not atypical. Therefore, further evaluation should be performed to conclude the potential inter-center variability for LM1010 ideally in the same measurement system.
The standard filter method is originally recommended as the pretreatment in LM1010 [5], though sample volume of > 400 μL is necessary for the filtration to obtain samples of 150 μL. In some authorized medical equipment for TDM, concentrations are measured using samples of 200 μL. Sample volume of 400 μL in case of LM1010 may be excessive in the case of using residual samples harvested for other biochemical tests, or of neonates. Figure 1b indicated that the dilute method could address this concern without any specific items, though the observed possible proportional error should be further evaluated. Moreover, since students who has been unfamiliar with the operation of any chromatography systems provided the results by the standard filtration method, it was demonstrated that LM1010 requires no special skills. The measurement cost of LM1010 is variable depending on the license style but probably comparable with that of outsourcing (data not shown). Regarding the clinical meaning of the measurement in individual hospitals, the measurement result can rapidly be obtained as possible so that the rapidest pharmacotherapeutic optimization can be performed. Those points may contribute to preferable clinical outcomes such as maximized treatment efficacy and minimized adverse events, which in turn, may lead to possible medical cost reduction. The pharmacotherapeutic and pharmacoeconomic meanings in LM1010 should be evaluated in future.
Conclusions
The measurement of serum voriconazole concentrations by LM1010, which is the only authorized medical equipment for measurement of serum voriconazole concentration, can be acceptable in clinical TDM practice even for samples with small volume.
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