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INTRODUCTION

Accurate evaluation of renal function is important for dose 
settings of renal excretion-type drugs. The Cockcroft–Gault 
(C–G) equation for the estimation of creatinine clearance 
(CCr), established based on the data of 249 Western patients,1) 
is widely used for determining drug dose settings in Japan.2,3) 
Using this equation, users can estimate the CCr quickly and 
easily. However, several reports have questioned the accuracy 
of using the C–G equation. It has been reported that the C–G 
equation tends to deviate from the actual values measured in 
elderly individuals.4–6) In addition, this equation has a risk of 
overestimating drug doses in obese patients from the use of 
real body weight.7,8)

Over several decades, equations for estimation of CCr, such 
as the Orita–Horio equation, were established based on Japa-
nese patient data.9) The Orita–Horio equation has succeeded in 
improving the predictive accuracy of CCr compared with the 
conventional C–G equation. In our previous study, we eval-
uated these equations by comparing measured CCr data.10) 
Moreover, we successfully developed the fitted C–G and fitted 

Orita–Horio equations by fitting the coefficients of the estima-
tion equations to the study population, taking into particular 
consideration elderly patients.10) However, the usefulness of 
these CCr estimation equations for drug dose settings remains 
unclear.

Intravenously administered vancomycin (VCM) is one of 
the renal excretion-type antibiotics and is the first-line therapy 
for methicillin-resistant Staphylococcus aureus infections.11) 
As a preliminary study, we selected this antibiotic for validat-
ing the accuracy of drug dose settings of four CCr estimation 
equations: conventional C–G,1) conventional Orita–Horio,9) 
fitted C–G, and fitted Orita–Horio equations.10) One of the 
advantages of using VCM for this study is that patients treated 
with this agent routinely require therapeutic drug monitoring 
(TDM), meaning that the serum trough value can be obtained 
easily.11,12) Moreover, approximately 200 patients received 
VCM within one year at the Hokkaido University Hospital,13) 
and initial dose settings were also determined by pharmacists 
based on CCr calculated using the conventional C–G equa-
tion.14) At our hospital, we employ the TDM analysis software 
for determining the initial dose settings of VCM, constructed 
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The Cockcroft–Gault (C–G) equation is widely used for drug dose settings in Japan. However, several 
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the fitted C–G and fitted Orita–Horio equations by fitting the coefficients of the estimation equations to the 
study population. However, the usefulness of these equations for drug dose settings remains unclear. Our pre-
liminary study verifies the accuracy of these equations by comparing the predictive performance of the initial 
vancomycin (VCM) trough value between four equations: the conventional C–G (as control), conventional Ori-
ta–Horio, fitted C–G, and fitted Orita–Horio equations. Patients receiving VCM intravenously between January 
2015 and March 2019 at Hokkaido University Hospital were enrolled. Overall, 308 patients were included. As 
initial dose setting methods, we selected two therapeutic drug monitoring (TDM) analysis software: SHIONO-
GI-VCM-TDM ver.2009 (VCM-TDM) and Vancomycin MEEK TDM analysis software Ver2.0 (MEEK). Pre-
dictive performances were evaluated by calculating mean prediction error and mean absolute prediction error 
(MAE). The lowest MAE was obtained with the conventional C–G equation using VCM-TDM, indicating high 
predictive performance. However, contrasting result was obtained with MEEK, where the highest MAE was 
obtained using conventional C–G equation. Moreover, no significant differences were observed in MAE between 
the other three equations, suggesting that accurate dose settings are not always achieved, despite using accurate 
CCr equations based on the Japanese population.
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using pharmacokinetic (PPK) parameters of the Japanese pop-
ulation.14,15) The target trough level of VCM was set to 10–20 
mg/L based on several guidelines.11,12,14)

In our previous study, we compared the predictive perfor-
mance of two TDM analysis software, namely “SHIONOGI-
VCM-TDM ver.2009 (VCM-TDM)” and “Vancomycin MEEK 
TDM analysis software Ver2.0 (MEEK).”16) We determined 
that VCM-TDM showed a higher predictive performance 
than MEEK; as a result, VCM-TDM is employed at our hos-
pital.14,16) Thus, it is essential to verify whether the prediction 
performance changes if the CCr estimation equations that are 
constructed or fitted based on Japanese patients are inserted 
into these TDM analysis software.

In this study, our objective was to validate the usefulness of 
CCr estimation equations that were constructed or fitted based 
on Japanese parameters for determining dose settings of renal 
excretion-type drugs. Specifically, we compared the predictive 
performance of initial VCM trough values among convention-
al C–G (used as a control), conventional Orita–Horio, fitted 
C–G, and fitted Orita–Horio equations using two TDM anal-
ysis software.

MATERIALS AND METHODS

Patients   All data were obtained retrospectively from 
the patients’ medical records at Hokkaido University Hospi-
tal. Patients who had received VCM intravenously from Janu-
ary 2015 to March 2019 were included in our study if they (1) 
were aged ≥18 years, (2) had a VCM trough value at the steady 
state, and (3) had their initial VCM dose settings determined 
by pharmacists. Patients were excluded if they (1) received 
VCM therapy <3 days, (2) received initial VCM loading dose, 
(3) received renal replacement therapy, such as hemodialy-
sis and continuous hemodiafiltration, or (4) had nephrotoxic-
ity before the VCM trough value was measured. The steady 
state was defined as the duration from the beginning of admin-
istration to when the initial TDM was more than 4 half-lives 
of VCM.17) Half-lives were calculated individually based on 
the Japanese PPK parameters reported by Yasuhara et al.15) At 
our hospital, as described above, initial dose settings were per-
formed using the TDM analysis software VCM-TDM.14,15) In 
addition, nephrotoxicity was assessed if the serum creatinine 
(Scr) level increased to at least 0.5 mg/dL or 50% or higher 
from the baseline.11)

Outcomes   The primary endpoint was to assess the predic-
tive performance of the initial VCM trough value of the CCr 
estimation equations: the conventional C–G (as control), con-
ventional Orita–Horio, fitted C–G, and fitted Orita–Horio 
equations. The latter three equations were constructed or fitted 
based on Japanese data.9,10) As initial dose setting methods, we 
selected two TDM analysis software that incorporate Japanese 
PPK parameters15,18): “VCM-TDM” and “MEEK.” We evaluat-
ed predictive performances by calculating the mean prediction 
error (ME) and mean absolute prediction error (MAE) as fol-
lows19):

As a secondary endpoint, we evaluated ME and MAE by 
dividing patients into subgroups based on their gender, CCr, 

and age. CCr was calculated using the conventional C–G 
equation and classified as CCr ≥ 85 mL/min or < 85 mL/
min.16) Age was classified as generation I (20–39 years), gener-
ation II (40–64 years), generation III (65–74 years), and gener-
ation IV (over 75 years).10)

Renal Function Estimation Equations   Estimation equa-
tions of renal function were evaluated as follows: IBW, ABW, 
TBW, and BMI indicate ideal body weight, adjusted body 
weight, total body weight, and body mass index, respectively.

 Cockcroft–Gault (C–G) equation1)

 Orita–Horio equation9)

 Fitted C–G equation10)

 Fitted Orita–Horio equation10)

For calculating the C–G and fitted C–G equations, body 
weight was adjusted based on the degree of obesity, defined 
as “[TBW − IBW] × 100/IBW (%)”.10) If the degree of obesity 
was between 30% and 100%, IBW was used for CCr calcula-
tions. When the degree of obesity was more than 100%, ABW 
was employed. Equations of IBW and ABW were as follows:

For calculation of the Orita–Horio and fitted Orita–Horio 
equations, body weight was not adjusted because BMI is 
already incorporated as a parameter in these equations.

Data Collection   We collected data for age, gender, body 
weight, BMI, Scr, duration of VCM therapy, duration in the 
intensive care unit, initial VCM trough value, and days to ini-
tial TDM. All data were evaluated at the beginning of VCM 
administration, except for duration of VCM therapy, initial 
VCM trough value, and days to initial TDM.

Statistical Analysis   For comparison of MAE and ME 
among the four groups (i.e., conventional C–G, convention-
al Orita–Horio, fitted C–G, and fitted Orita–Horio equations), 
Bonferroni multiple comparison test was performed. P ≤ 0.05 
was defined as statistically significant.

All statistical analyses were performed using SPSS statis-
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tics 25 (IBM, Tokyo, Japan).
Ethics   This study was performed in accordance with the 

guidelines for the care for humans. The ethics committee of 
Hokkaido University Hospital approved our protocol (NO. 
019-0038).

RESULTS

Characteristics of patients   Of the 977 initial patients, 
308 were included in the study (Fig. 1). Patient characteris-
tics are shown in Table 1. The average CCr estimated by 
each equation was as follows: conventional C–G, 102.0 ± 
46.9 (mean ± standard deviation) mL/min; conventional Ori-
ta–Horio, 115.0 ± 44.3 mL/min; fitted C–G, 132.7 ± 57.2 mL/
min; and fitted Orita–Horio, 130.9 ± 51.6 mL/min. The distri-
bution of CCr estimated by each equation is shown in the box 
plot in Fig. 2. The average initial VCM trough value was 11.6 
± 4.93 mg/L.

Comparison of Predictive Performance of Initial VCM 
Trough Value of Each CCr Estimation Equation   Table 2 
shows the predictive performances of each CCr estimation 

equation using VCM-TDM. As for the ME, the conventional 
C–G equation was found to be significantly the closest to 0 
points in all subgroups, except for generation I patients and 
patients with CCr ≥ 85 mL/min. This implies that the predic-
tion bias was lower with the conventional C–G equation than 
with other equations, although they were all constructed or 
fitted based on Japanese data. In addition, the lowest value 
of MAE was obtained using the conventional C–G equation 
except for female patients, generation I and II, and patients 
with CCr ≥ 85 mL/min and < 85 mL/min, indicating high pre-
dictive performance.

As shown in Table 3, the opposite results were obtained 
using the TDM analysis software “MEEK.” The ME and MAE 
values obtained using the conventional C–G equation were 
significantly higher than when other equations were used, 
except in the case of generation I patients, patients with CCr ≥ 
85 mL/min and < 85 mL/min. Additionally, there were no sig-
nificant differences in MAE among the other three equations 
in all the groups. A positive ME indicates that the predicted 
trough value is higher than the actual trough value, and there-
fore, the equation has a risk of underestimating the VCM dose, 
indicating low predictive accuracy.

DISCUSSION

Previous studies indicated that the predictive accuracies 
of CCr were improved using conventional Orita–Horio, fit-
ted C–G, and fitted Orita–Horio equations that were construct-
ed or fitted based on data obtained from the Japanese popula-
tion.9,10) However, it is unknown whether these CCr estimation 
equations are useful for accurately predicting drug dose set-
tings. As a preliminary study, we evaluated the predictive per-
formances of these equations using VCM dosing data.

In the index of predictive performances, ME indicates pre-
diction bias because a positive ME indicates that the predict-
ed trough value is higher than the actual value. MAE measures 

Fig. 1.   Study Inclusion and Exclusion Flowchart

Table 1.   Patient Characteristics

Descriptions Eligible patients(n = 308)
Age (years) 60.5 ± 15.2 (20–96)
   Generation I (age: 20–39 years) 35 (11.4)
   Generation II (age: 40–64 years) 130 (42.2)
   Generation III (age: 65–74 years) 97 (31.5)
   Generation IV (age: 75–years) 46 (14.9)
Gender (male), n (%) 198 (64.3)
Body weight (kg) 58.7 ± 11.7 (33.5–107.7)
Body mass index 22.1 ± 3.81 (14.0–40.6)
Serum creatinine (mg/dL) 0.65 ± 0.21 (0.16–1.58)
Creatinine clearance (mL/min)
   Conventional Cockcroft–Gault equation 102.0 ± 46.9 (26.0–348.1)
   Conventional Orita–Horio equation 115.0 ± 44.3 (46.4–442.0)
   Fitted Cockcroft–Gault equation 132.7 ± 57.2 (39.4–461.9)
   Fitted Orita–Horio equation 130.9 ± 51.6 (50.8–476.6)
Duration of VCM therapy (days) 11.5 ± 8.7 (3–61)
Residence in intensive care unit 35 (11.4)
Duration of initial TDM (days) 3.80 ± 0.81 (3–7)
Initial VCM daily dose (mg) 1894.2 ± 499.0 (750–3750)
Initial VCM trough value (mg/L) 11.6 ± 4.93 (2.4–36.0)
Continuous variables: mean ± standard deviation (range), categorical 
variables: n (%), TDM: therapeutic drug monitoring, VCM: vancomycin.

Fig. 2.   Distribution of CCr Values Calculated Using Each CCr Estimation 
Equation

Each box plot shows the distribution of creatinine clearance. Each box shows: upper 
horizontal line of box, 75th percentile; lower horizontal line of box, 25th percentile; 
horizontal bar within box, median; upper horizontal bar outside box, 90th percentile; 
lower horizontal bar outside box, 10th percentile. CCr: creatinine clearance, Conv: 
conventional, C–G: Cockcroft–Gault equation, Orita: Orita–Horio equation.
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the average value of the prediction error without considering 
whether they are under or over that of the actual value; thus, 
MAE is an indicator of the predictive accuracy.18) As shown in 
Table 2, the conventional C–G equation produced a higher ME 
(−1.56) than the other three equations (−5.10 to −3.65) in all 
patients using the VCM-TDM software. Thus, an ME value is 
closest to 0 point in the conventional C–G equation indicating 
that the prediction bias is the smallest. In contrast, using the 
MEEK software, the same trend was established. However, the 
values were positive; the conventional C–G equation (5.90) 

produced a higher ME than the other equations (2.78–3.54) 
(Table 3). Thus, the prediction bias is the largest in the conven-
tional C–G equation. These results are considered to be caused 
by the differences in estimated CCr values and PPK param-
eters between the two TDM analysis programs. The average 
CCr of each equation ranged from 102.0 to 132.7 mL/min 
(Table 1). The lowest CCr was obtained in the conventional 
C–G equation. In addition, fitted C–G and fitted Orita–Horio 
equations estimated a higher average CCr than the convention-
al equations.9) In contrast, previous research showed that lower 

Table 3.   Predictive Performance of Initial VCM Trough Value of Each CCr Estimation Equation Using TDM Analysis Software MEEK

ME ± SD MAE ± SD
Conv 
C–G

Conv 
Orita

Fitted 
C–G

Fitted 
Orita

Conv 
C–G

Conv 
Orita

Fitted 
C–G

Fitted 
Orita

All patients
(n = 308) 5.90 ± 5.51 *, †, ‡ 3.54 ± 5.74 †, ‡ 2.98 ± 5.86 2.78 ± 6.00 6.88 ± 4.21 *, †, ‡ 5.43 ± 3.99 5.30 ± 3.88 5.34 ± 3.90

Gender: Male
(n = 198) 6.21 ± 5.57 *, †, ‡ 3.99 ± 5.82 3.88 ± 5.85 3.63 ± 6.05 7.18 ± 4.23 *, †, ‡ 5.77 ± 4.06 5.74 ± 4.02 5.81 ± 3.99

Gender: Female
(n = 110) 5.34 ± 5.38 *, †, ‡ 2.71 ± 5.53 †, ‡ 1.35 ± 5.55 1.24 ± 5.61 6.34 ± 4.14 *, †, ‡ 4.82 ± 3.81 4.50 ± 3.50 4.47 ± 3.59

CCr ≥ 85 mL/min
(n = 171) 5.18 ± 5.77 5.29 ± 5.74 5.18 ± 5.77 5.18 ± 5.77 6.59 ± 4.08 6.61 ± 4.15 6.59 ± 4.08 6.59 ± 4.08

CCr < 85 mL/min
(n = 137) 6.79 ± 5.04 *, †, ‡ 1.35 ± 4.95 ‡ 0.23 ± 4.72 −0.22 ± 4.84 7.25 ± 4.35 †, ‡ 3.96 ± 3.24 3.69 ± 2.93 3.78 ± 3.02

Generation I 
(age: 20–39 years)
(n = 35)

7.65 ± 5.41 7.69 ± 5.39 7.49 ± 5.55 7.49 ± 5.55 8.17 ± 4.57 8.20 ± 4.55 8.02 ± 4.74 8.02 ± 4.74

Generation II 
(age: 40–64 years)
(n = 130)

5.86 ± 6.17 *, †, ‡ 4.56 ± 6.11 †, ‡ 3.58 ± 6.48 3.55 ± 6.44 7.31 ± 4.35 *, †, ‡ 6.29 ± 4.30 6.17 ± 4.08 6.05 ± 4.15

Generation III 
(age: 65–74 years)
(n = 97)

5.32 ± 4.72 *, †, ‡ 1.86 ± 4.69 1.51 ± 4.52 1.17 ± 4.79 6.18 ± 3.52 *, †, ‡ 4.08 ± 2.95 3.89 ± 2.73 4.05 ± 2.79

Generation IV 
(age: 75 years)
(n = 46)

5.88 ± 5.00 *, †, ‡ 1.00 ± 4.43 0.92 ± 4.60 0.40 ± 4.93 6.20 ± 4.59 *, †, ‡ 3.73 ± 2.53 3.75 ± 2.77 3.98 ± 2.88

VCM: vancomycin, TDM: therapeutic drug monitoring, CCr: creatinine clearance, MEEK: Vancomycin MEEK TDM analysis software ver 2.0, ME: mean 
prediction error, MAE: mean absolute prediction error, SD: standard deviation, Conv: conventional, C–G: Cockcroft–Gault equation, Orita: Orita–Horio 
equation, *P-values ≤ 0.05 versus Conv Orita, †P-values ≤ 0.05 versus Fitted C–G, ‡P-values ≤ 0.05 versus Fitted Orita, P-values ≤ 0.05 were considered as 
statistically significant by Bonferroni multiple comparison test.

Table 2.   Predictive Performance of Initial VCM Trough Value of Each CCr Estimation Equation Using TDM Analysis Software VCM-TDM

ME ± SD MAE ± SD
Conv 
C–G

Conv 
Orita

Fitted 
C–G

Fitted 
Orita

Conv 
C–G

Conv 
Orita

Fitted 
C–G

Fitted 
Orita

All patients
(n = 308) −1.56 ±5.00 *, †, ‡ −3.65 ± 4.77 †, ‡ −5.04 ± 4.60 −5.10 ± 4.62 3.79 ± 3.62 *, †, ‡ 4.49 ± 3.98 †, ‡ 5.31 ± 4.29 5.39 ± 4.27

Male
(n = 198) −1.85 ± 4.84 *, †, ‡ −3.90 ± 4.65 †, ‡ −4.85 ± 4.50 −5.02 ± 4.54 3.75 ± 3.57 *, †, ‡ 4.53 ± 4.04 †, ‡ 5.08 ± 4.24 5.28 ± 4.24

Female
(n = 110) −1.04 ± 5.27 *, †, ‡ −3.18 ± 4.96 †, ‡ −5.39 ± 4.78 −5.24 ± 4.76 3.84 ± 3.73 †, ‡ 4.41 ± 3.89 †, ‡ 5.72 ± 4.37 5.58 ± 4.35

CCr ≥ 85 mL/min
(n = 171) −2.93 ± 4.88 †, ‡ −3.73 ± 4.96 † −5.52 ± 4.71 −5.11 ± 4.80 3.97 ± 4.07 †, ‡ 4.49 ± 4.27 5.63 ± 4.57 5.33 ± 4.55

CCr < 85 mL/min
(n = 137) 0.15 ± 4.63 *, †, ‡ −3.55 ± 4.53 ‡ −4.45 ± 4.41 −5.08 ± 4.40 3.55 ± 2.96 †, ‡ 4.49 ± 3.59 4.91 ± 3.89 5.46 ± 3.91

Generation I 
(age: 20–39 years)
(n = 35)

−3.75 ± 4.06 *, †, ‡ −3.06 ± 4.13 †, ‡ −5.51 ± 4.10 ‡ −4.82 ± 4.11 4.11 ± 3.69 †, ‡ 3.76 ± 3.48 †, ‡ 5.51 ± 4.09 4.96 ± 3.93

Generation II
(age: 40–64 years)
(n = 130)

−1.89 ± 5.72 *, †, ‡ −3.16 ± 5.47 †, ‡ −5.24 ± 5.38 −4.90 ± 5.29 4.20 ± 4.30 †, ‡ 4.47 ± 4.45 †, ‡ 5.62 ± 4.98 5.37 ± 4.81

Generation III 
(age: 65–74 years)
(n = 97)

−0.96 ± 4.23 *, †, ‡ −4.09 ± 4.30 †, ‡ −4.86 ± 3.96 ‡ −5.30 ± 4.16 3.31 ± 2.78*, †, ‡ 4.61 ± 3.73 ‡ 5.06 ± 3.69 5.47 ± 3.93

Generation IV 
(age: 75 years)
(n = 46)

−0.23 ± 4.46 *, †, ‡ −4.52 ± 3.87 ‡ −4.50 ± 3.83 ‡ −5.43 ± 3.86 3.38 ± 2.88 *, †, ‡ 4.85 ± 3.44 4.78 ± 3.46 5.57 ± 3.65

VCM: vancomycin, TDM: therapeutic drug monitoring, CCr: creatinine clearance, VCM-TDM: SHIONOGI-VCM-TDM ver. 2009, ME: mean prediction 
error, MAE: mean absolute prediction error, SD: standard deviation, Conv: conventional, C–G: Cockcroft–Gault equation, Orita: Orita–Horio equation, *P-
values ≤ 0.05 versus Conv Orita, †P-values ≤ 0.05 versus Fitted C–G, ‡P-values ≤ 0.05 versus Fitted Orita, P-values ≤ 0.05 were considered statistically 
significant by Bonferroni multiple comparison test.
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ME values (negative values) were obtained using VCM-TDM 
compared with MEEK (positive values); consequently, VCM-
TDM has a risk of overdosing when determining settings 
and MEEK has a possibility of underestimation.16) Consider-
ing this, our results can be explained as follows: VCM-TDM 
tends to overdose,16) and therefore, the ME becomes close to 0 
points if using the conventional C–G equation that has a low-
er calculated CCr value than the other equations. Thus, a high 
predictive accuracy (i.e., a low MAE) was obtained (Table 2). 
On the other hand, MEEK tends to underdose,16) and therefore, 
the ME moves away from 0 points when using the convention-
al C–G equation. Hence, a low predictive accuracy (i.e., a high 
MAE) was obtained. Similar trends were observed in genera-
tions II–IV and patients with CCr < 85 mL/min (Table 3).

In contrast, on using MEEK for generation I patients and 
patients with CCr ≥ 85 mL/min, there were no significant dif-
ferences in MAE and ME between each of the CCr equations 
(Table 3). In patients with CCr ≥ 85 mL/min (calculated using 
conventional C–G equation), the CCr is fixed at 85 mL/min 
uniformly in the MEEK program. This function is set because 
the VCM clearance was not correlated in patients with CCr ≥ 
85 mL/min in the parameters of the MEEK program.18) In gen-
eration I, only one patient had a CCr < 85 mL/min estimat-
ed using the conventional C–G and Orita–Horio equations, but 
all other patients had a CCr ≥ 85 mL/min (data not shown). 
Therefore, MAE and ME gave similar results between each 
equation. These results were similar to those obtained in pre-
vious research, which showed that MEEK has a risk of under-
dosing, especially in young patients.16)

In summary, the optimal combination of software and equa-
tions for the estimation of CCr for the initial dose setting of 
VCM were considered as follows. For VCM-TDM, when clas-
sified by age, the conventional C–G equation achieved the 
best predictive performance (i.e., the smallest MAE) except 
for generation I and II (Table 2). Therefore, the convention-
al C–G equation should be used except for these two genera-
tions. Although there is no significant difference, the conven-
tional C–G equation may be better for generation I, whereas 
the conventional Orita–Horio equation may be better for gen-
eration II. In contrast, in the MEEK, the conventional C–G 
equation achieved the worst predictive performance (i.e., the 
highest MAE) except for generation I (Table 3). Thus, we rec-
ommend using the other three equations. For example, based 
on the smallest MAE, generation II: fitted Orita–Horio, gen-
eration III: fitted C–G, and generation IV: conventional Orita–
Horio equations may be recommended (although there are no 
significant differences between three equations). In addition, 
as explained above, MEEK should not be employed for gener-
ation I because of the risk of underdosing.

In a previous study of the fitted C–G and fitted Orita–Horio 
equations, the predictive accuracy of the CCr was reported to 
be improved especially in the elderly; however, young indi-
viduals aged under 40 years could not be evaluated due to the 
lack of patients.9) However, differences in MAE and ME were 
not observed between each generation in this study (Table 2, 
3). The reason for this is that the predictive performances of 
the equations are strongly influenced by PPK parameters built 
in the TDM analysis software as mentioned above.

Consequently, we suggest that accurate dose settings are 
not always achieved, even if accurate CCr equations based on 
the Japanese population are used. One of the reasons for this is 
that equations for renal function estimation (i.e., convention-

al C–G equation) used for PPK parameters are different from 
equations for drug dose settings. Thus, in order to utilize the 
new equations for renal function estimation for determining 
drug dose settings, it is necessary to conduct new PPK anal-
ysis, or at the very least, retrospectively verify the findings of 
previous studies.

Our study has several limitations. This study was conduct-
ed at a single center, and therefore, it is unclear if the same 
results can be obtained at other institutions. In addition, as this 
is a preliminary study using VCM dosing data, it is necessary 
to validate these results with other renal excretion-type drugs. 
Importantly, this study could not evaluate measured CCr, and 
therefore, it is unclear whether the calculated CCr values are 
truly accurate.

Notwithstanding, evidence in this study does indicate that 
an accurate renal function assessment does not always contrib-
ute to accurate drug dose settings, especially initial dose set-
tings of VCM using TDM analysis software. We expect that 
these results will be useful to perform appropriate drug dose 
adjustments.
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interests.

REFERENCES

1)	� Cockcroft DW, Gault MH. Prediction of creatinine clearance from 
serum creatinine. Nephron, 16, 31–41 (1976).

2)	� Yajima A, Ogawa C, Yatabe M, Kondo N, Saito S, Suzuki Y, Uesawa 
Y. Reliability of predicted renal function in Japanese patients on cispl-
atin therapy. Pharmazie, 68, 777–781 (2013).

3)	� Yajima A, Uesawa Y, Ogawa C, Yatabe M, Kondo N, Saito S, Suzuki 
Y, Atsuda K, Kagaya H. Construction of a model for predicting creati-
nine clearance in Japanese patients treated with Cisplatin therapy. Anti-
cancer Res., 35, 2909–2914 (2015).

4)	� Drusano GL, Muncie HL, Hoopes JM, Damron DJ, Warren JW. Com-
monly used methods of estimating creatinine clearance are inadequate 
for elderly debilitated nursing home patients. J. Am. Geriatr. Soc., 36, 
437–441 (1988).

5)	� Iijima H, Tamano T, Imai Y, Nishio S, Hasunuma T, Maeda M, Yokota 
S, Kumagai Y. Discrepancy between the estimated and actual survey of 
creatinine clearance. Jpn. Jounal Med. Technol., 57, 828–835 (2008).

6)	� Dowling TC, Wang ES, Ferrucci L, Sorkin JD. Glomerular filtration 
rate equations overestimate creatinine clearance in older individu-
als enrolled in the Baltimore Longitudinal Study on Aging: impact on 
renal drug dosing. Pharmacotherapy, 33, 912–921 (2013).

7)	� Chaverri-Ferandez JM, Zavaleta-Monestel E, Diaz-Madriz JP, Ortiz-
Urena A, Ramirez-Hernandez M, Trejos-Morales K. Analysis of the 
concordance between the estimated values of creatinine clearance 
using the Cockcroft-Gault equation and the real value determined in 
patients from the Hospital Clínica Bíblica. Farm. Hosp., 40, 3–13 
(2016).

8)	� Michels WM, Grootendorst DC, Verduijn M, Elliott EG, Dekker FW, 
Krediet RT. Performance of the Cockcroft-Gault, MDRD, and new 
CKD-EPI formulas in relation to GFR, age, and body size. Clin. J. Am. 
Soc. Nephrol., 5, 1003–1009 (2010).

9)	� Horio M, Orita Y, Manabe S, Sakata M, Fukunaga M. Formula and 
nomogram for predicting creatinine clearance from serum creatinine 
concentration. Clin. Exp. Nephrol., 1, 110–114 (1997).

10)	� Kaburaki S, Yoshimura E, Kojima N, Ueno H, Sugawara M, Takekuma 
Y. Improvement of renal function estimation equations for elderly Jap-
anese people. Health Sci Rep, 1, e85 (2018).

11)	� Rybak MJ, Lomaestro BM, Rotschafer JC, Moellering RC, Craig WA, 
Billeter M, Dalovisio JR, Levine DP. Vancomycin therapeutic guide-
lines: a summary of consensus recommendations from the infectious 
diseases Society of America, the American Society of Health-System 
Pharmacists, and the Society of Infectious Diseases Pharmacists. Clin. 

84 Vol. 2, No. 5 (2019)BPB Reports



Infect. Dis., 49, 325–327 (2009).
12)	� Matsumoto K, Takesue Y, Ohmagari N, Mochizuki T, Mikamo H, Seki 

M, Takakura S, Tokimatsu I, Takahashi Y, Kasahara K, Okada K, Iga-
rashi M, Kobayashi M, Hamada Y, Kimura M, Nishi Y, Tanigawara Y, 
Kimura T. Practice guidelines for therapeutic drug monitoring of van-
comycin: a consensus review of the Japanese Society of Chemothera-
py and the Japanese Society of Therapeutic Drug Monitoring. J. Infect. 
Chemother., 19, 365–380 (2013).

13)	� Imai S, Yamada T, Kasashi K, Kobayashi M, Iseki K. Usefulness of a 
decision tree model for the analysis of adverse drug reactions: evalua-
tion of a risk prediction model of vancomycin-associated nephrotoxici-
ty constructed using a data mining procedure. J. Eval. Clin. Pract., 23, 
1240–1246 (2017).

14)	� Imai S, Yamada T, Ishiguro N, Miyamoto T, Kagami K, Tomiyama 
N, Niinuma Y, Nagasaki D, Suzuki K, Yamagami A, Kasashi K, Kob-
ayashi M, Iseki K. Validating the Effectiveness of Switching the Van-
comycin TDM Analysis Software Based on the Predictive Accuracy. 
Yakugaku Zasshi, 137, 1185–1192 (2017).

15)	� Yasuhara M, Iga T, Zenda H, Okumura K, Oguma T, Yano Y, Hori R. 
Population pharmacokinetics of vancomycin in Japanese adult patients. 
Ther. Drug Monit., 20, 139–148 (1998).

16)	� Imai S, Yamada T, Nishimura A, Oki H, Kumai M, Miyamoto T, 
Kasashi K, Iseki K. Evaluation of Predictive Accuracy between Two 
Types of Vancomycin TDM Analysis Software. Jpn. J. Drug Inf., 16, 
169–178 (2015).

17)	� Ito S. Pharmacokinetics 101. Paediatr. Child Health, 16, 535–536 
(2011).

18)	� Yamamoto M, Kuzuya T, Baba H, Yamada K, Nabeshima T. Popula-
tion pharmacokinetic analysis of vancomycin in patients with gram-
positive infections and the influence of infectious disease type. J. Clin. 
Pharm. Ther., 34, 473–483 (2009).

19)	� Toda T, Watanabe H, Kurosawa N, Owada E, Achiwa K, Yuhki Y, 
Tadano K, Takahashi Y, Harada H, Seki T, Harada T. Limited sam-
pling strategy for estimating area under the concentration curve for 
mycophenolic acid in renal transplant recipients with co-administration 
of tacrolimus. Jpn. J. Pharm. Health Care Sci, 30, 1–7 (2004).

85Vol. 2, No. 5 (2019) BPB Reports


