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Abstract

Background: Vancomycin regimens are designed to achieve an area
under the concentration-time curve/minimum inhibitory concentration
(AUC/MIC) ratio ranging between 400 and 600 pg-h/mL in the steady
state. However, in cases of critical infections such as bacteremia requir-
ing an early treatment approach, the clinical course may be affected by
the AUC/MIC before reaching the steady state, that is, the AUC/MIC
values 24 h after the first dose (first 24-h AUC/MIC). This study evalu-
ated the relationship between the first 24-h AUC/MIC and the clinical
course of methicillin-resistant Staphylococcus aureus (MRSA) infection.

Methods: We retrospectively reviewed the records of patients with
MRSA bacteremia in a university hospital between 2015 and 2022. The
first 24-h AUC/MIC cutoff was set at 300 pg-h/mL based on the results
of early response, and eligible patients were divided into groups with a
first 24-h AUC/MIC either < 300 pg-h/mL (< 300 group, n = 32) or >
300 pg-h/mL (> 300 group, n = 38). The primary endpoint was the rate
of treatment efficacy, and the secondary endpoints were time to clinical
and bacteriological improvement and 30-day survival rate.
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Results: Treatment efficacy and 30-day survival rates were not sig-
nificantly different between the two groups (78.1% vs. 79.0%, P =
0.933 and 83.9% vs. 87.2%, P = 0.674, respectively). Among patients
who showed treatment efficacy, the median time to clinical and bacte-
riological improvement was 11.5 days and 8.0 days in the < 300 and
> 300 groups, respectively; compared to the > 300 group, the < 300
group had a significantly longer time to improvement (P = 0.001).

Conclusions: The first 24-h AUC/MIC had no effect on the treatment
efficacy and 30-day survival rates. However, the time to clinical and
bacteriological improvement was significantly prolonged in the <300
group, indicating that the first 24-h AUC/MIC does not affect the rate
of therapeutic efficacy but may affect the treatment period.

Keywords: First 24-h AUC/MIC; Vancomycin; Methicillin-resistant
Staphylococcus aureus; Bacteremia

Introduction

Methicillin-resistant Staphylococcus aureus (MRS A) bacteremia
is a critical and relatively frequent infection associated with sig-
nificant morbidity and mortality. Bacteremia is associated with
severe illnesses, including sepsis, infective endocarditis, and
meningitis [1]. The 30-day all-cause mortality rate for patients
with MRSA bacteremia is estimated to be 20%, and the infec-
tion-related mortality rate is approximately 10% [2, 3]. Moreo-
ver, a recent systematic review showed that while mortality asso-
ciated with Staphylococcus aureus bacteremia (SAB), including
MRSA, has decreased over the last three decades, more than one
in four patients still succumb within 3 months [4]. Therefore, ear-
ly initiation of antimicrobial chemotherapy and continuous care
are important to increase the effectiveness of treatment for SAB.

Vancomycin (VCM), a glycopeptide antibiotic, has been
recommended as the first-line agent for MRSA infections by
guidelines and expert consensus worldwide [5-7]. The concen-
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All patients diagnosed with MRSA bacteremia (n = 137)

Exclusion criteria

— - Patients younger than 18 years of age (n = 11)
* Dialysis patients (n = 22)

VCM therapy (n=81)

Other antibiotics (n = 23)

Exclusion criteria

* Insufficient data (n=11)

Target patients (n= 70 )

First 24-h AUC/MIC

<300
(n=32)

300-399
(n=23)

> 400
(n=15)

Figure 1. Flowchart depicting patient selection in this study. AUC/MIC: area under the concentration-time curve/minimum inhibi-
tory concentration; VCM: vancomycin; MRSA: methicillin-resistant Staphylococcus aureus.

tration of VCM is related to its efficacy and toxicity; however,
its therapeutic range is narrower than that of other antimicro-
bial agents. Therefore, therapeutic drug monitoring (TDM) is
recommended for VCM therapy to maximize its efficacy and
minimize nephrotoxicity [8, 9]. Previous guidelines recom-
mended using the VCM trough concentrations as a surrogate
marker for the ratio of the area under the concentration-time
curve/minimum inhibitory concentration (AUC/MIC) to fa-
cilitate clinical application, with target trough concentrations
ranging from 10 to 20 pg/mL depending on the infection type
[8, 10]. In 2020 and 2022, the revised consensus guidelines
for TDM of VCM recommended a change from trough-based
TDM to AUC/MIC-based TDM to optimize the efficacy of
treatment and reduce the rate of nephrotoxicity [7, 11]. The
target range of AUC/MIC is 400 - 600 pg-h/mL at the steady
state, with an AUC/MIC > 400 pg-h/mL essential for clini-
cal efficacy and an AUC/MIC < 600 pg-h/mL important for
reduced nephrotoxicity [12-14]. Furthermore, the time to
achieve a sufficient level of AUC/MIC is also regarded as an
important factor in leading to therapeutic success. Administer-
ing an effective antimicrobial against Staphylococcus aureus
within 48 h after collecting blood cultures is known to be the
only significant predictor of survival in patients with SAB
[15]. Therefore, there has been an increase in studies on phar-
macokinetics/pharmacodynamics (PK/PD) evaluating the first
24 - 48 h AUC/MIC of VCM [15-18]. However, the relation-
ship between early AUC levels and clinical efficacy has not
yet been fully elucidated. Moreover, in patients with a critical

326 Articles © The authors | Journal compilation © ] Clin Med Res and Elmer Press Inc™

infection that requires an early approach, such as MRSA bac-
teremia, the clinical course may be affected by the AUC/MIC
before the steady state, specifically AUC/MIC values 24 h af-
ter the first dose (first 24-h AUC/MIC). Therefore, this study
aimed to evaluate the relationship between the first 24-h AUC/
MIC and the clinical course of MRSA infection using practi-
cal AUC-guided TDM for VCM (PAT) via Bayesian software
[19], which is specialized in AUC calculations.

Materials and Methods

Study design and population

This retrospective, single-center, observational study was ap-
proved by the Medical Ethics Review Board of Fukuoka Uni-
versity (approval number: H23-05-010, May 25, 2023) and
was conducted in compliance with the ethical standards of the
responsible institution on human subjects as well as with the
Helsinki Declaration. The requirement for informed consent
from participants was not necessary due to the retrospective
nature of this study. We reviewed the records of patients who
were admitted to our university hospital between 2015 and
2022 and diagnosed with MRSA bacteremia. Among the 137
patients diagnosed with MRSA bacteremia based on blood cul-
ture tests and clinical observations, 70 patients who received
VCM therapy were included in this study (Fig. 1). The exclu-
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sion criteria were as follows: 1) age < 18 years; 2) duration of
VCM therapy < 4 days; 3) missing data; 4) patients who under-
went hemodialysis, renal replacement therapy, and plasma ex-
change. Moreover, this study excluded asymptomatic patients
and those with contaminated blood cultures.

Data collection and definitions

We evaluated the diagnosis, age, sex, body weight, patient back-
ground, medical history, source of infection, bacterial culture
test results, blood laboratory results, and biochemical test results
of each patient using our electronic medical record system. To
assess the early clinical response at 72 h after the start of VCM
therapy, we used the criteria from previous studies by Ueda et
al [20, 21]. “Responder,” defined as an early positive response,
was characterized by patients who demonstrated a > 30% de-
crease in white blood cell (WBC) count or C-reactive protein
(CRP) level, experienced a reduction in fever (defined as a daily
maximum body temperature decrease of > 0.3 °C for at least
2 consecutive days in febrile patients), exhibited no worsening
clinical features, and encountered no death within 96 h. To assess
the incidence rate of acute kidney injury (AKI) associated with
VCM therapy, we used the Kidney Disease: Improving Global
Outcome (KDIGO) diagnostic criteria [22]. AKI was defined as
an increase of > 0.3 mg/dL or > 1.5-fold from the baseline se-
rum creatinine (SCr) level. The maximum SCr level during the
VCM therapy was defined as the evaluation value, while the
SCr measurement obtained before initiating VCM therapy was
considered as the baseline SCr level. Creatinine clearance was
estimated using the Cockcroft-Gault formula [23]. The MIC was
determined using the broth microdilution method according to
the Clinical and Laboratory Standard Institute manual.

Effectiveness of VCM therapy

The primary endpoint was the rate of treatment efficacy, and
the secondary endpoints were the time to clinical and bacterio-
logical improvement and the 30-day survival rate. Treatment
efficacy was evaluated in terms of both bacteriological and
clinical effects. Bacteriological efficacy was defined as nega-
tive blood cultures after initiating VCM therapy and was con-
firmed by repeating blood culture tests at 3 - 5-day intervals
until negative results were obtained. Moreover, the clinical
efficacy of VCM was evaluated on the final day of the VCM
treatment period. The clinical efficacy was deemed effective
if at least two of the following criteria were met (without any
exacerbation observed in the unmet criteria): 1) body tempera-
ture below 37.0 °C (indicating a reduction from feverish lev-
els); 2) a reduction in the WBC count to < 8,000/mm? or to a
standard value; 3) a decrease in the CRP level to < 30% of the
pre-dose value [24]. Ultimately, VCM therapy was considered
effective when patients showed both bacteriological and clini-
cal efficacy. These criteria were based on our previous stud-
ies on staphylococcal infections [25, 26]. The early response
criteria [20] are also a useful indicator for simply and quickly
examining the efficacy of treatment. However, because these
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criteria do not include factors such as bacteriological evalu-
ation and reduction of fever to normal, we applied our own
criteria to assess the overall treatment efficacy. The time to
clinical and bacteriological improvement was defined as the
first day these criteria for treatment efficacy were met in pa-
tients demonstrating a treatment response.

Calculation of the AUC/MIC values 24 h after the first dose
(first 24-h AUC/MIC)

The Japanese Society of Chemotherapy developed the Bayesi-
an software PAT [19] based on the population pharmacokinetic
parameters reported by Yasuhara et al [27]. The PAT is a free
specialized software for AUC calculations. The VCM trough
concentration, administration interval, and implementation
day of TDM were collected from the records of the TDM di-
ary, and the first 24-h AUC/MIC was calculated using PAT ver.
3.0. Generally, the peak and trough concentrations are neces-
sary to calculate the AUC. However, until the Japanese TDM
guidelines were revised in 2022 [7], VCM blood samples were
mostly collected only for trough concentrations in daily clini-
cal practice in Japan. Therefore, there have been some previ-
ous studies where the AUC was calculated using PAT software,
based on only trough concentrations [20, 28, 29]. In this study,
because few patients had two-point samples, the first 24-h
AUC/MIC was calculated using only the trough concentration
within 3 - 5 days after initiating VCM therapy, according to
previous studies. Before calculating the AUC, we confirmed
that the patient parameters for both groups approximated those
of the population [27], which was incorporated into the analy-
sis software. The AUC at steady state (AUC) was calculated
using the VCM dosing data and trough concentrations after the
implementation of TDM.

Statistical analysis

Sample sizes were predetermined using G*Power ver. 3.1.9.4
software with effect sizes based on our previous study [28]. We
used a Chi-square goodness-of-fit test for contingency table
analysis with input parameters of a = 0.05 and power (1 - f3)
= 0.8. Data are presented as median (interquartile range). We
used the Mann-Whitney U test, Chi-square test, or Fischer’s
exact test for between-group comparisons. Survival data were
examined using Kaplan-Meier analysis, and comparisons be-
tween groups were performed using the log-rank test. A re-
ceiver operating characteristic (ROC) curve analysis was con-
ducted on variables that demonstrated statistical significance
in logistic regression to ascertain the cutoff value for the first
24-h AUC/MIC, aiming for an early positive response and the
optimal dose of VCM required to achieve a first 24-h AUC/
MIC > 300 pg-h/mL. The cutoff values were determined using
the Youden index. Confidence intervals (CIs) were calculated
employing the DeLong method [30]. In all analyses, a P value
< 0.05 was deemed to reflect statistical significance. All sta-
tistical evaluations were conducted using JMP version 12.0.1
(SAS Institute, Tokyo, Japan).
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Table 1. Number of Cases in Each AUC/MIC Range

First 24-h AUC/MIC (pg-h/mL) N

100 - 199 2 (2.9%)
200 - 299 30 (42.9%)
300 - 399 23 (32.9%)
400 - 499 15 (21.4%)
Total number of cases (n) 70

Median of AUC/MIC (pg-h/mL) 312.9

AUC/MIC: area under the concentration-time curve/minimum inhibitory
concentration.

Results

Number of cases in each AUC/MIC range

The MIC was set to 1 pg/mL in all analyses because the MIC
of VCM was < 1 pg/mL in all patients. To evaluate the dis-
tribution of the first 24-h AUC/MIC, we categorized the first
24-h AUC/MIC as 100 - 199, 200 - 299, 300 - 399, and 400
- 499 based on previous studies [28, 31] (Table 1). The num-
ber of cases in each category was as follows: 100 - 199, two
cases (2.9%); 200 - 299, 30 cases (42.9%); 300 - 399, 23 cases
(32.9%); 400 - 499, 15 cases (21.4%). The first 24-h AUC/MIC
was shown to be mostly in the range of 200 - 400 (75.7%).

Early positive response rate and population in groups

We compared early positive response rates by dividing the
groups into those with a first 24-h AUC/MIC <400 ug-h/mL and

a
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those with a first 24-h AUC/MIC > 400 pg-h/mL. Consequently,
the early positive response showed 43.6% and 66.7% in the first
24-h AUC/MIC < 400 pg-h/mL and first 24-h AUC/MIC > 400
pg-h/mL groups, respectively (P = 0.114) (Supplementary Mate-
rial 1, www.jocmr.org). Moreover, we calculated the cutoff value
of the first 24-h AUC/MIC to indicate an early positive response
using ROC analysis. The analysis demonstrated that the cutoff
value for the first 24-h AUC/MIC, indicative of an early positive
response, was 309.7 pug-h/mL (AUC: 0.754, sensitivity: 76.5%,
specificity: 69.4%, 95% CI: 0.640 - 0.869), as depicted in Figure
2a. Furthermore, when the cutoff was established at 300 pg-h/
mL, the early positive response rate significantly increased in the
>300 group compared to the <300 group (25.0% vs. 68.4%, P =
0.001, as shown in Figure 2b). Based on these results, to evaluate
the impacts on the first 24-h AUC/MIC, we defined the cutoff
value of the first 24-h AUC/MIC as 300 pg-h/mL, and eligible
patients were categorized into the following two groups: first
24-h AUC/MIC < 300 pg-h/mL (< 300 group, n = 32) and first
24-h AUC/MIC > 300 pg-h/mL (> 300 group, n = 38).

The background characteristics of the patients in the two
groups are presented in Table 2. Age, body weight, comorbidi-
ties, origin of infection, laboratory data, and concomitant an-
timicrobial agents were not significantly different between the
two groups. Additionally, no serious diseases were found in ei-
ther group, such as infectious endocarditis, immunodeficiency,
or terminal cancer, which may affect the efficacy and time to
improvement of VCM therapy. Moreover, more than 80% of
patients with catheter-related bloodstream infections had their
catheters removed within 3 days of positive blood culture tests,
and all patients had their catheters removed within 10 days.
The dose on the first day of VCM treatment and the initial
trough concentration were significantly lower in the < 300
group than in the > 300 group. Thus, the AUC values on days
1 (AUC, ,,,) and 2 (AUC,, ,¢,) were significantly different

P=0.001
= 80 -
S 68.4%
g
g 60
o
8
2 401
G 25.0%
3
> 20 -
5
|84
0 .

<300 300 <

First 24-h AUC/MIC (ug* h/mL)

Figure 2. Receiver operating characteristic (ROC) curve and early positive response. (a) The ROC curve used to determine the
cutoff value of the first 24-h AUC/MIC of vancomycin for early positive response. The analysis identified an AUC/MIC of 309.7
pg-h/mL, represented by an AUC value of 0.754, sensitivity of 76.5%, and specificity of 69.4%. (b)The early positive response
rate in the < 300 and = 300 groups. Values are presented as numbers (%). AUC/MIC: area under the concentration-time curve/

minimum inhibitory concentration.
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Table 2. Characteristics of the Patients Included in This Study

First 24-h AUC/MIC (pg-h/mL)

Clinical background P value
<300 (n=32) >300 (n =38)
Male sex (n (%)) 21 (65.6) 25 (65.8) 0.988
Age (years) 69.5 (60.0 - 78.0) 70.5 (67.8 - 80.5) 0.285
Body weight (kg) 50.6 (38.5-56.1) 53.0 (43.6 - 61.5) 0.183
Comorbidities (n (%))
Heart failure 11 (34.3%) 15 (39.5%) 0.660
Malignancy 9 (28.1%) 8 (21.1%) 0.492
Diabetes 5 (15.6%) 7 (18.4%) 0.757
Aspiration pneumonia 7 (21.9%) 5(13.2%) 0.335
Digestive disorders 1 (3.1%) 2 (5.3%) 0.660
Suspected origin of infection (n (%)) 0.966
Catheter-related bloodstream infections 17 (53.1) 18 (47.4)
Skin and soft tissue infections 6 (18.8) 6 (15.8)
Urinary tract infections 2(6.3) 2(5.3)
Bacterial pneumonia 2(6.3) 2(5.3)
Pyogenic spondylitis 2(6.3) 3(7.9)
Unknown 1(3.1) 3(7.9)
Others 2(6.3) 4 (10.5)
Laboratory data before VCM therapy
BT (°C) 37.9(37.7 - 38.3) 37.9(37.4-39.2) 0.981
WBC (x 103/uL) 11.6 (9.1 - 15.1) 14.5 (9.8 - 19.9) 0.299
CRP (mg/dL) 14.6 (7.9 - 19.8) 11.7 (10.0 - 15.8) 0.396
SCr (mg/dL) 0.7 (0.6 - 0.9) 0.8 (0.7 - 1.0) 0.101
Cer (mL/min) 65.0 (45.5-76.1) 61.4 (40.4 - 73.8) 0.465
Concomitant antimicrobial agent 0.511
Carbapenem 3(9.4) 513.2)
Penicillin/p-lactamase inhibitor 0(0) 3(7.9)
Third and fourth generation cephalosporin 3(9.4) 2(6.3)
Quinolone 0(0) 0(0)
Nothing 26 (81.3) 28 (73.7)
VCM therapy
MIC <1 ug/mL (n (%)) 32 (100) 38 (100) 1.000
Initial trough concentration (ng/mL) 9.0 (6.7 - 10.0) 14.1 (10.9 - 18.7) <0.001
Dose of first day (mg/kg) 22.4(18.1-27.4) 30.4 (22.8 -35.4) 0.001
AUC; ,,, (ng-h/mL) 268.2 (241.0 - 286.5) 385.7 (346.9 - 418.3) <0.001
AUC,, 4, (ng-h/mL) 366.6 (315.1 - 406.5) 509.0 (388.1 - 588.7) <0.001
AUC (ug-h/mL) 449.4 (420.3 - 501.8) 512.0 (422.6 - 541.0) 0.085

Values are presented as number (%) or median (interquartile range). AUC: area under the concentration-time curve; AUC, _,, ,: AUC on day 1; AUC,,
_4sn.- AUC on day 2; AUC_: AUC at steady state; BT body temperature; Ccr: creatinine clearance; CRP: C-reactive protein; MIC: minimum inhibitory
concentration; SCr: serum creatinine; VCM: vancomycin; WBC: white blood cell.

between the two groups, but the AUC  was not. ure 3. The treatment efficacy rate, the primary endpoint, was
78.1% (25/32 cases) and 79.0% (30/38 cases) in the < 300 and
> 300 groups, respectively (Fig. 3a). Thus, the two groups
showed no significant difference in treatment efficacy (P =
0.933). Moreover, the two groups showed no significant differ-

ence in 30-day survival (83.9% for the < 300 group vs. 87.2%

Effectiveness of VCM therapy

Data for the effectiveness of VCM therapy are shown in Fig-
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Figure 3. Effectiveness of VCM therapy. The panels show the treatment efficacy rate (a), 30-day survival (b), and time to clinical
and bacteriological improvement (c). Values are presented as numbers (%), and time to clinical and bacteriological improvement
is presented as median (interquartile range). AUC/MIC: area under the concentration-time curve/minimum inhibitory concentra-

tion; VCM: vancomycin.

for the > 300 group; P = 0.674) (Fig. 3b). However, among pa-
tients who showed treatment efficacy, the median time to clini-
cal and bacteriological improvement was 11.5 and 8.0 days
in the <300 (n = 25) and > 300 (n = 30) groups, respectively.
Therefore, the time to improvement was significantly longer in
the <300 group (P =0.001) (Fig. 3c).

Frequency of AKI associated with VCM therapy

Ten patients met the definition of AKI during VCM therapy.
The incidence of AKI associated with VCM therapy was
14.3% (10/70 cases). Three and seven cases of AKI were in
the < 300 and > 300 groups, respectively (9.4% vs. 18.4%, P
= 0.281). When the > 300 group was categorized into the 300
- 399 (n =23) and > 400 (n = 15) groups, the number of AKI
cases was three and four, respectively (13.0% vs. 26.7%, P =
0.290). Although the rate of AKI tended to be higher in the >
400 group, the three groups showed no significant difference
(P=0.344).

Optimal dose of VCM to achieve a first 24-h AUC/MIC
value > 300 pg-h/mL

An ROC curve analysis was performed to identify the optimal
dose of VCM to achieve a first 24-h AUC/MIC value > 300
pg-h/mL. The analysis revealed that a VCM dose of 27.8 mg/
kg was the threshold to achieve a first 24-h AUC/MIC value
> 300 pg-h/mL (AUC: 0.735, sensitivity: 68.4%, specificity:
87.5%, 95% CI: 0.610 - 0.859), as shown in Figure 4.

Discussion

In this study, we focused on the early AUC levels and evalu-
ated the impact of the first 24-h AUC/MIC of VCM on the
clinical outcomes of patients with MRSA bacteremia. AUC

330 Articles © The authors | Journal compilation © ] Clin Med Res and Elmer Press Inc™

estimations of VCM can be calculated using Bayesian mod-
eling software or first-order pharmacokinetic equations. The
Bayesian method can estimate the AUC with a minimum of
one concentration value in patients receiving VCM, poten-
tially reducing the resources needed for AUC monitoring. In
contrast, the first-order pharmacokinetic equations require two
concentration values of VCM obtained at appropriate times.
Although both methods have their strengths and limitations
[32], the revised consensus guidelines for the TDM of VCM
published in Clinical Infectious Diseases recommend the use
of Bayesian-derived AUC/MIC values to accurately achieve
targets for clinical efficacy while improving patient safety

1.0
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0.6

0.4

Sensitivity

0.2

0.0
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Figure 4. ROC curve for achieving first 24-h AUC/MIC = 300 pg-h/mL.
The figure presents the ROC curve used to determine the optimal dose
of VCM to achieve a first 24-h AUC/MIC = 300 pg-h/mL. The analysis
identified an optimal VCM dose of 27.8 mg/kg, represented by an AUC
value of 0.735, sensitivity of 68.4%, and specificity of 87.5%. VCM:
vancomycin; AUC/MIC: area under the concentration-time curve/mini-
mum inhibitory concentration; ROC: receiver operating characteristic.
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[11]. Therefore, in this study, we calculated the AUC using the
Bayesian software and evaluated endpoints. Consequently, we
found that the first 24-h AUC/MIC does not affect the overall
therapeutic efficacy rate but may affect the time to improve-
ment. This is the first report to show the relationship between
the first 24-h AUC/MIC and the clinical course of MRSA in-
fection. We believe that our study contributes significantly
to the development of MRSA bacteremia treatment strategy
because information regarding the influence of the first 24-h
AUC/MIC on the treatment parameters and outcomes is cur-
rently limited.

First, we compared the early positive response rate be-
tween the first 24-h AUC/MIC <400 pg-h/mL and > 400 pg-h/
mL groups. The results showed that the early positive response
rate was 43.6% and 66.7% in the first 24-h AUC/MIC < 400
png-h/mL and > 400 pg-h/mL groups, respectively. These val-
ues were similar to those of a previous study by Ueda et al
[20]; however, our results showed no significant difference
between the two groups. Therefore, we considered the cutoff
value indicating an early positive response to be < 400 pg-h/
mL and evaluated it using ROC analysis. As the result was
309.7 pg-h/mL, we categorized eligible patients into the < 300
and > 300 groups and reanalyzed the early positive response
rate. Consequently, the early positive response rate signifi-
cantly increased in the > 300 group than in the < 300 group.
Therefore, we hypothesized that the first 24-h AUC/MIC be-
ing above or below 300 pg-h/mL might influence treatment
outcomes. Thus, we decided to compare the treatment efficacy
rate of VCM between the < 300 and > 300 groups.

The treatment efficacy rates in the < 300 and > 300 groups
were 78.1% and 79.0%, respectively. The 30-day survival
rates in the two groups were 83.9% and 87.2%, respectively.
Thus, the overall efficacy against MRSA bacteremia did not
differ between the two groups. Claeys et al reported that the
rate of clinical success in patients with MRS A bacteremia who
received VCM therapy was 71.8%, and the all-cause 30-day
survival rate was 84.7% [33]. A systematic review and meta-
analysis also described that the all-cause survival rate extract-
ed from randomized controlled trials for patients treated with
VCM therapy was 63.4% [34]. Therefore, our results were
consistent with those of previous studies on the treatment of
MRSA bacteremia, which reported VCM treatment success
rates of 55-75% [33-35]. Particularly, overall treatment effi-
cacy rates were obtained not only in the > 300 group but also
in the <300 group. We attribute this result to the fact that the
AUC /MIC was regulated to >400 pg-h/mL by implement-
ing TDM after the blood collection point. Thus, this result
indicates that the first 24-h AUC/MIC may not affect the fi-
nal efficacy against MRSA bacteremia as long as the AUC_/
MIC reaches > 400 pg-h/mL. In contrast, the time to clinical
and bacteriological improvement was significantly longer in
the < 300 group than in the > 300 group. Most patients in the
> 300 group required only 1 - 2 days to reach AUC /MIC >
400 pg-h/mL, whereas those in the < 300 group required ap-
proximately 4 - 7 days to stabilize AUC_/MIC > 400 pg-h/mL
owing to dose adjustment. This factor may have influenced the
time to improvement. Moreover, this study indicated that when
the first 24-h AUC/MIC was < 300 pg-h/mL, AUC,, ,., was
366.6 (315.1 - 406.5). However, when the first 24-h AUC/MIC
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was > 300 pg-h/mL, AUC,, _,,, was 509.0 (388.1 - 588.7).
Previous studies evaluating early AUC/MIC have reported that
to enhance the efficacy of VCM therapy, the AUC/MIC should
be 400 - 600 pg-h/mL at least during the first 24 - 48 h [15-18].
Therefore, our findings that the first 24-h AUC/MIC requires
> 300 pg-h/mL are consistent with those of previous studies.
Based on these results, our study showed that the first 24-h
AUC/MIC affected the time required to reach AUC /MIC >
400 pg-h/mL, indicating that inadequate AUC/MIC levels for
the first 24 h may prolong the therapeutic period.

We considered that the factor most influencing the first
24-h AUC/MIC levels was the initial loading dose. Our study
demonstrated that the initial loading dose in the > 300 group
was 30.4 mg/kg, while that in the < 300 group was 22.4 mg/
kg. Recently updated consensus guidelines on VCM state that a
loading dose of 20 - 35 mg/kg body weight (not exceeding 3,000
mg) is required for rapid attainment of targeted concentrations
in critical patients with MRSA infections [11]. Moreover, the
TDM guideline for VCM in Japan recommends an initial dose
of 25 - 30 mg/kg to achieve the therapeutic range of AUC/MIC
earlier [7]. Thus, the > 300 group in this study received treat-
ment within the guideline-recommended dose ranges and may
have achieved AUC_/MIC > 400 ug-h/mL sooner, potentially
leading to a shorter treatment duration. In contrast, the < 300
group in this study received less than the recommended dose of
25 - 30 mg/kg required to achieve the target range of AUC/MIC
earlier. Specifically, an initial loading dose of < 25 mg/kg may
not achieve the first 24-h AUC/MIC > 300 pg-h/mL and may
result in a longer treatment period. Therefore, ROC analysis in
this study showed that the high efficacy of VCM required the
first 24-h AUC/MIC > 300 pg-h/mL, and an initial loading dose
of approximately 28 mg/kg was needed to achieve this range.
These findings support the Japanese guidelines, which recom-
mend an initial dose of 25 - 30 mg/kg. However, further studies
are necessary to ascertain whether an initial loading dose of
20 - 25 mg/kg suffices. Importantly, this study revealed that the
AUC/MIC in the first 24 h may influence the duration of treat-
ment. Specifically, we identified that the cutoff value for the
initial loading dose to achieve the first 24-h AUC/MIC > 300
pug-h/mL was 27.8 mg/kg.

We also assessed the impact of the first 24-h AUC/MIC
on the incidence of AKI. No significant difference was found
in the incidence of AKI between the two groups. Wagner et al
and Hodiamont et al reported that a weight-based initial load-
ing dose of VCM led to significantly more patients achieving
AUC /MIC > 400 pg-h/mL without increasing the risk of AKI
[36, 37]. However, the risk of AKI was significantly higher in
patients who achieved an AUC_/MIC > 600 nug-h/mL [7, 11].
Higher VCM exposure is associated with an increased risk of
AKI. However, previous studies have not clarified whether the
initial loading dose of VCM directly poses an additional risk
of AKI. This is because the maximum daily dose of VCM is
set, and it is considered difficult to exceed AUC /MIC > 600
pg-h/mL with only the initial loading dose. However, if the
first 24-h AUC/MIC is high, the maintenance dose should be
carefully adjusted through TDM because continued high expo-
sure increases the risk of AKI. In fact, our results showed that
although the three groups (> 300, 300 - 399, and > 400 groups)
showed no significant difference, the rate of AKI tended to be
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higher in the > 400 group. Critically, if the first 24-h AUC/MIC
surpasses 400 pg-h/mL, the likelihood of achieving AUC_/
MIC > 600 pg-h/mL escalates unless the maintenance dose is
meticulously adjusted. Moreover, the association between the
first 24-h AUC/MIC and AKI risk warrants further exploration
in future studies.

Our study has some limitations that require consideration.
First, this was a retrospective, single-center, observational
study involving a small number of patients. The study also had
several confounding factors, including the patients’ underlying
diseases, comorbidities, the severity of infection symptoms,
the use of concomitant medications, and multiple infections.
We believe that a multivariate analysis is essential to remove
confounding factors; however, this was impossible in this
study because of the small number of cases. Similarly, while
an evaluation of the relationship between the PK/PD param-
eters and each primary lesion of bacteremia was necessary, it
was impossible because of the small number of cases. Second,
because the AUC was calculated using only trough concentra-
tions in all cases, there remains an issue with the accuracy of
AUC estimation. Oda et al indicated that the use of trough-
only sampling data would produce more bias in the calculation
of AUC/MIC data [19]. Future studies should analyze AUC
based on a two-point sample to obtain less biased estimates.
Third, the diagnosis of AKI was based only on the KDIGO
diagnostic criteria using SCr values because evaluation by
urine volume could not be performed. Moreover, the number
of individuals experiencing AKI within the entire study cohort
was small, potentially making it difficult to determine statis-
tical significance. Although our results were not statistically
significant, it should be noted that the incidence of AKI dou-
bled in the > 300 pg-h /mL group compared with that in the
< 300 pg-h/mL group. Multicenter prospective observational
studies are necessary to overcome these limitations. Moreover,
recent evidence has provided information on dosing to achieve
an AUC/MIC > 400 pg-h/mL within the first 24 h [38, 39]. In
the future, it may be necessary to evaluate the utility at a larger
level of the first 24-h AUC/MIC while ensuring the safety and
economical aspects of VCM therapy.

Conclusions

This retrospective, single-center study could not yield defini-
tive conclusions. However, when the cutoff value for the first
24-h AUC/MIC was set at 300 pg-h/mL, the levels of AUC/
MIC showed no effect on the rate of treatment efficacy be-
tween the < 300 and > 300 groups. This may be owing to the
fact that the AUC_/MIC of all patients was > 400 pg-h/mL.
In contrast, the time to clinical and bacteriological improve-
ment was significantly shorter in the > 300 group than in the
<300 group. Our results indicate that the first 24-h AUC/MIC
does not affect the overall efficacy rate but may affect the time
to improvement. Additionally, future studies of a cost-benefit
analysis of the faster time to improvement with higher initial
dosing versus the potential increased risk of AKI would further
strengthen conclusions regarding the importance of the first
24-h AUC/MIC.
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