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Background: Tazobactam/piperacillin (TAZ/PIPC), which is often combined with continuous
renal replacement therapy (CRRT), induces renal excretion and is thought to have a high com-
ponent removal rate for blood purification. CRRT procedures vary depending on the country,
region, and institution. It is not clear whether the dose of TAZ/PIPC for use in Japan can be
determined based on studies conducted in other countries. Therefore, in this study, we examined
the suitability of recommended dose in Japan.

Methods: The study subjects consisted of 10 patients who received TAZ/PIPC during CRRT
in the intensive care unit of Hyogo College of Medicine, Nishinomiya, Japan. We used a one-
compartment model to characterize and parameterize the pharmacokinetics of TAZ/PIPC because
their blood levels were eliminated monoexponentially.

Results: Compared with the data of healthy adults, the half-lives (t
were prolonged while their clearance rates decreased.

1») of both PIPC and TAZ
Conclusion: For the continuous hemodiafiltration procedure adopted in Japan, we concluded
that the dose and frequency were appropriate because the patients who received PIPC/TAZ
2.25 g twice a day during continuous hemodiafiltration maintained appropriate blood levels of
both PIPC and TAZ.
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Background
Tazobactam/piperacillin (TAZ/PIPC) is an antibiotic combination commonly used
in hospital intensive care unit (ICU) and is often combined with continuous renal
replacement therapy (CRRT), introduced for treating sepsis and acute renal failure.
According to the package insert of TAZ/PIPC (Zosyn®, Taisho Toyama Pharmaceuti-
cal Co., Ltd., Tokyo, Japan), the dosage for patients with sepsis or pneumonia is 4.5
g three to four times per day.'*> However, the regimen should be adjusted based on
decreased renal function rather than the renal excretion of the drug. According to
the Sanford guide to antimicrobial therapy 2014, the recommended dosages in renal
impairment and during CRRT are 2.25 g three to four times and 2.25 g four times
per day, respectively.

Because both PIPC and TAZ are low molecular weight compounds (535.57 and
300.29 Da, respectively) with low protein binding rates (16% and 4%, respectively),
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the component removal rate during blood purification is
high.* In Europe and the USA, it has been reported that
4.5 g of TAZ/PIPC twice a day, which comprises the regi-
men for CRRT, is low while 4.5 g thrice a day is suitable.>¢
In particular, it is recommended to administer patients with
sepsis TAZ/PIPC 4.5 g four times a day for the first 48 h.”
The procedure adopted for CRRT in the USA was reported
to be as follows: blood flow, 150 (120-170) mL.min!
and the amount of blood purification, which is the sum
of the dialysis fluid and filtration flow rates, is commonly
35 mL-kg-h™'.® In the UK, the following procedure was
reported: blood flow, 150-200 mL.min "' and amount of blood
purification, 32 (29-36) mL-kg'-h™".° In Australia and New
Zealand, the following specifications were reported: blood
flow, 200 mL.min"! and the amount of blood purification,
24.3 mL-kg "-h™.'% In Japan, the following procedure was
reported: blood flow, 80 mL.min"' and the median amount
of blood purification, 16 mL-kg™'-h™*.!! These reports indicate
that the values vary depending on the country, region, and
institution.

The modality setting for CRRT in Japan tends to be lower
for both blood flow and blood purification than what is used
in Western countries. Therefore, it is not clear whether the
dose of drugs used in CRRT in Japan can be determined
based on studies performed in other countries. Presently, no
study has examined the pharmacokinetics (PK) of TAZ/PIPC
during CRRT in Japan. Although the recommended dosage of
TAZ/PIPC during CRRT is 2.25 g three to four times per day
in Japan, it is suggested that a higher dose regimen may be
required in studies in other countries. Therefore, we examine
the suitability of the current dose of TAZ/PIPC recommended
for use in CRRT procedures in Japan.

By the Shiba’s report,'? which TAZ/PIPC was administered
to healthy Japanese male volunteers, in the group of TAZ/
PIPC 4.5 g four times per day, the half-lives (t,,
plasma concentration level (C_ ), the area under the plasma

), maximum

concentration—time curve (AUC), the total body clearance
(CL,), and the volume of distribution (Vd) of PIPC were 0.99
h, 267 mg/L, 300 mg-h/L, 13.5 L/h, and 13.7 L, respectively.
Thet,, C_ ,AUC, CL_, and Vd of TAZ were 0.84 h, 32.5
mg/L, 38.7 mg-h/L, 13.0 L/h, and 13.6 L, respectively.

Methods

This study was approved by the Ethics Committee of Hyogo
College of Medicine. The study protocol and implications
were explained to the participants verbally and in writing.
The participants provided their written informed consent
prior to participation in this study.

The study subjects consisted of 10 patients who received
TAZ/PIPC (Zosyn) for the treatment of infectious disease
during CRRT in the ICU of Hyogo College of Medicine,
Nishinomiya, Japan between December 2011 and March
2015. Of these 10 patients, 6, 3, and 1 received TAZ/PIPC
2.25 g twice and three times a day and 4.5 g twice a day. For
patients who received continuous hemodialysis (CHD) as
CRRT, the dialysis fluid flow rate was set at 800 mL/h while
those who received continuous hemodiafiltration (CHDF)
had both the dialysis fluid and replenisher solution flow
rates set at 400 mL/h. The blood and filtrate flow rates were
set at 80 mL.min! and 800 mL/h, respectively, depending
on the patient.

Blood sampling was conducted seven times in total
(before initiation and after termination of TAZ/PIPC admin-
istration, at 30 min, and 1, 2, and 4 h after the completion
of administration and immediately before the following
dose administration). For blood sampling, blood samples
each were collected through the blood removal and auto-
transfusion dialysis catheter routes, which were defined as
the samples before and after filtration, respectively. We also
obtained a 3 mL diafiltrate with the blood sampling, and
all the samples were frozen at —20°C after the serum was
separated. After the linkable anonymizing was applied to
the data to ensure that the patients could not be identified,
the samples were transferred to the Department of Clinical
Pharmacotherapy, Hiroshima University, to measure TAZ/
PIPC levels in the blood and diafiltrate by using high-per-
formance liquid chromatography (HPLC).!* Furthermore,
acetonitrile and dichloromethane deproteinization was
performed on the sample. The HPLC system included a C18
column while the detection was performed at 220 nm with a
mobile phase consisting of phosphate buffer (pH 2.6) with
acetonitrile (75:25 and 95:5, PIPC and TAZ, respectively).
The determination limit was 0.5 and 1 pg/ mL for PIPC and
TAZ, respectively. For intra- and interday measurement,
the precision was 0.69%—7.24% (PIPC) and 1.10%-9.49%
(TAZ), and the accuracy was 99.6%—107% (PIPC) and
97.5%—-112% (TAZ).

We used a one-compartment model to characterize and
parameterize the PK of TAZ/PIPC, because semilogarithmic
plots showed that their blood levels were eliminated mono-
exponentially. The t,, was calculated using the elimination
rate constant (k) as follows: t,, = In 2/k . The AUC was
calculated using the trapezoid summation after binding the
overtime plasma concentration values with a straight line.
The CL, and the Vd were calculated as follows: CL =
intravenous (IV) dose/AUC and Vd = C/IV dose.
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Results

Table 1 shows the patient characteristics, and the common
infections leading to the administration of TAZ/PIPC were
pneumonia, bacteremia, peritonitis, and cholecystitis. The
pathogenic bacteria, which were acquired during empiric
therapy in some patients, were Enterococcus faecium, Klebsi-
ella pneumoniae, Acinetobacter baumannii, and Bacteroides
ovatus. TAZ/PIPC was used as the first dose in only one
patient in the 2.25 g twice daily group while nine received it
3—7 days later. For the CRRT, the CHDF, and CHD modalities
were used in eight and two patients, respectively. The CRRT
was introduced based on renal indications associated with
septic acute kidney injury in all the patients.

Both the blood urea nitrogen (BUN) and creatinine (Cre)
levels were elevated in all the patients (2.25 g twice daily,
2.25 g three times daily, and 4.5 g twice daily groups; BUN
and Cre, 59429 and 3.09%1.36, 48427 and 2.27%0.68, and

Table | The patient characteristics

128 and 4.8 mg/dL, respectively). The creatinine clearance
rate (C_) calculated using the Cockcroft-Gault formula was
18.916.9, 23.745.6, and 11.5 mL.min" in the 2.25 g twice
daily, 2.25 g three times daily, and 4.5 g twice daily groups,
respectively. Six patients developed liver damage and showed
increased aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) levels (AST/ALT 151+174/156+286,
84453/132+108, and 23/8 U/L in the 2.25 g twice daily, 2.25 g
three times daily, and 4.5 g twice daily groups, respectively).

Figures 1 and 2 show the changes in the blood levels of
PIPC and TAZ. Tables 2 and 3 show the PK parameters of
PIPC and TAZ. The CL,_, of PIPC was 2.57£0.63, 2.06£0.58,
and 2.2 L/h in the 2.25 g twice daily, 2.25 g three times daily,
and 4.5 g twice daily groups, respectively, which indicated
that it was reduced by 14%—19% compared to that revealed by
the data of the healthy adults. We referred to the data which
six Japanese healthy male volunteers received TAZ/PIPC

2.25 g three times daily (n=3) 4.5 g twice daily (n=1)

Parameter 2.25 g twice daily (n=6)
Age, mean * SD (years) 65.8126.8

Male, n (%) 66

Body weight (kg) 52.5+11.8

Height (cm) 161xl1

Infectious disease

Pathogenic bacteria

Pneumonia, bacteremia,
peritonitis

Enterococcus faecium, Klebsiella
pneumoniae, Acinetobacter
baumannii, and Bacteroides ovatus

CRRT mode CHDEF 5 cases, CHD | case
Dialysis membrane PS 5 cases, CTA | case
Reason for the introduction of Septic AKI

CRRT

Urine volume (mL/day) 38.8+34.4
Laboratory findings

WBC (/uL) 9,700+5,980

Hgb (g/dL) 10.1£1.7

Plt (/uL) 11.811.1

BUN (mg/dL) 59+29

Cr (mg/dL) 3.09£1.36

Alb (g/dL) 2.840.1

T-Bil (mg/dL) 4.4+5.3

AST (U/L) 151174

ALT (U/L) 1561286

YGT (U/L) 69155

Na (mEq/L) 13712

K (mEg/L) 4.110.6

Cl (mEg/L) 100+3

C_(mL.min™") 18.87+6.9

77.7£75 72

100 0
59.4+4.0 69
1664 157
Pneumonia, cholecystitis Pneumonia
Escherichia coli, empiric Empiric
CHDF 2 cases, CHD | case CHDF
PS 2 cases, CTA | case PS
Septic AKI Septic AKI
275.7£350.3 499
12,200+6,690 2510
9.8+1.3 82
6.613.1 34
48127 128
2.2740.68 4.8
321404 28
10.6£1.5 24
84453 23
1324108 8
133443 16
138+4 141
3.940.5 4
1047 99
23.745.6 11.54

Notes: The CRRT was introduced based on renal indications associated with septic AKI in all the patients. The C__ calculated using the Cockeroft-Gault formula was <30
mL.min~'. The number of patients developed liver damage was 3, 3, and 0 in the 2.25 g twice daily, 2.25 g three times daily, and 4.5 g twice daily groups, respectively.

Abbreviations: AKI, acute kidney injury; Alb, albumin; ALT, alanine aminotransferase; AST, asparate aminotransferase; BUN, blood urea nitrogen; C__ creatinine clearance;
CHD, continuous hemodialysis; CHDF, continuous hemodiafiltration; Cr, creatinine; CRRT, continuous renal replacement therapy; CTA, cellulose triacetate; Hgb,

hemoglobin; PIt, platelet; PS, polysulfone; SD, standard deviation; T-Bil, total bilirubin; WBC, white blood cell; YGT, y-glutamyltransferase.
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350 Table 3 The PK parameters of TAZ

= 300 Parameter 2.25 gtwice 2.25 gthree 4.5 g twice
%, 250 daily (n=6) times daily daily (n=1)
€ 200 (n=3)

7 150 CL,, (Lh) 20140.58 1.8620.48 251

g 100 AUC (mg hiL) 13445 142141 199

) t,, (h) 12.947.1 16.1+4.9 7.6

0 Maximum plasma 22.6%+10.6 17.7£3.9 337
0 2 4 6 8 10 12 14 concentration level
Time (h) (mg/L)

Figure | The changes in the blood levels of piperacillin. Trough (mg/L) 4.710.1 10.2+3.8 8.5
Notes: Data shown as mean serum concentrations (with standard deviation) vd (L) 27.9+2.0 31.6+16.1 19.1

measured in samples taken 2.25 g twice daily (squares), 2.25 g three times daily
(triangles), and 4.5 g twice daily (diamonds) groups.

N
o o1 O

= =2 NN W W
[=3N)]

o o w;m

Tazobactam (mg/mL)

0 2 4 6 8 10 12 14
Time (h)
Figure 2 The changes in the blood levels of tazobactam
Note: Data shown as mean serum concentrations (with standard deviation)

measured in samples taken 2.25 g twice daily (squares), 2.25 g three times daily
(triangles), and 4.5 g twice daily (diamonds) groups.

Table 2 The PK parameters of PIPC

Parameter 2.25 g twice 2.25 gthree 4.5 g twice

daily (n=6) times daily  daily (n=1)
(n=3)

CL_, mean £ SD (L/h)  2.5740.63 2.061+0.58 22

AUC (mg h/L) 819+198 1,025+304 1,820

t,, (h) 11.4£5.5 10.7+2.0 6.9

Maximum plasma 174.2488.0 146.9+38.5 3119

concentration level

(mg/L)

Trough (mg/L) 28.4£16.2 66.2426.9 727

Vd (L) 27.7£12.6 22.8+9.7 15.2

Notes: We compared these data with parameters of six healthy adults who were
given PIPC/TAZ 4.5 g four times daily repeatedly. And they were the average PK
parameters, which were measured at the eighth day. The t,, was prolonged 7-I1
times more than that of the healthy adults. The CL__was reduced by 14%-19%
compared to that revealed by the data of the healthy adults.

Abbreviations: AUC, area under the plasma concentration—time curve; CL _ total
body clearance; PIPC, piperacillin; PK, pharmacokinetics; TAZ, tazobactam; t, , half-
life; Vd, volume of distribution.

4.5 g four times a day."”” The CL_ of PIPC in healthy adults
was 13.5 L/h. The t,, of PIPC was 11.4%5.5, 10.742.0, and
6.9 h in the 2.25 g twice daily, 2.25 g three times daily, and
4.5 g twice daily groups, respectively, which indicated that
it was prolonged 7—11 times more than that of the healthy
adults. The t, , of PIPC in the healthy adults was 0.99 h. The

Notes: We compared these data with parameters of six healthy adults who were
given PIPC/TAZ 4.5 g four times daily repeatedly. And they were the average PK
parameters, which were measured at the eighth day. The t,, was prolonged 9-19
times more than that of the healthy adults. The CL_was reduced by 14%—19%
compared to that revealed by the data of the healthy adults.

Abbreviations: AUC, area under the plasma concentration-time curve; CL_, total
body clearance; PIPC, piperacillin; PK, pharmacokinetics; TAZ, tazobactam; i half-
life; Vd, volume of distribution.

CL_, of TAZ was 2.01+0.58, 1.8610.48, and 2.51 in the 2.25
g twice daily, 2.25 g three times daily, and 4.5 g twice daily
groups, respectively, which indicated that the clearance was
reduced by 14%—-19% compared to that shown by the data
of the healthy adults. The CL,_ of TAZ in healthy adults was
13.0 L/h. The t,, of TAZ was 12.947.1, 16.1£4.9, and 7.6 h
in the 2.25 g twice daily, 2.25 g three times daily, and 4.5 g
twice daily groups, respectively, which indicated that it was
prolonged 9-19 times more than that of the healthy adults.
The t,, of TAZ in the healthy adults was 0.84 h.

Discussion

The drug clearance (CL, ) of PIPC and TAZ was correlated
with the blood flow and the amount of blood purification.'
Compared to similar studies performed in other countries, a
study by Seyler et al,” using TAZ/PIPC on a 4.5 g four times
daily dosage regimen, reported that the blood flow was set
at 150 mL/h, which was higher than that of our study (the
blood flow of our study was 80 mL/h). The amount of blood
purification was 45 mL.min"!, which was higher than that
of our study (the amount of blood purification of our study
was 13.3 mL.min™"). In their report, the t, , of PIPC was sig-
nificantly lower (4.16 h) than that of our study (11.4, 10.7,
and 7.6 h in the 2.25 g twice daily, 2.25 g three times daily,
and 4.5 g twice daily groups, respectively). The CL  value
of PIPC reported by Seyler et al showed a higher value
(4.14 L/h) than that of all the groups in our study (2.57, 2.06,
and 2.2 L/hinthe 2.25 g twice daily, 2.25 g three times daily,
and 4.5 g twice daily groups, respectively). The modality
setting for CRRT in foreign countries tends to be higher for
both blood flow and blood purification than what is used in
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Japan. Therefore, the t, | of the drugs tends to be prolonged

12
and the CL_, tends to be reduced in Japan.

In addition, the theoretical value of the drug clearance
rates during CRRT (CL .,
CL gy = sieving coefficient (Sc) x dialysis waste fluid
flow. The CL of PIPC was determined to be 0.77+0.23,
0.6310.08, and 0.59 L/h in the 2.25 g twice daily, 2.25 g

CRRT
three times daily, and 4.5 g twice daily groups, respectively.

) can be calculated as follows:

Because of the analysis used in our study, these values were
relatively lower than the CL , was; therefore, the rate of
removal of the drugs with CRRT was low. Thus, in the CRRT
modality used in Japan, we think that increasing the quantity
and additional dosage of TAZ/PIPC is not necessary.
TAZ/PIPC is an antibiotic combination consisting of a
beta-lactamase inhibitor and penicillin in a 1:8 ratio. TAZ
inactivates the beta-lactamase produced by bacteria, which
protects PIPC from being degraded by beta-lactamase. There-
fore, it exhibits an antibacterial action against PIPC-resistant
bacteria. PIPC shows antibacterial activity by inhibiting bac-
terial cell wall synthesis. For the combination therapy, a ratio
of TAZ:PIPC ranging from 1:8 to 2:1 is thought to provide
excellent therapeutic effect, and the ratio of the blood level is
maintained at 1:8 to 1:9 without remarkable change.!* Thus,
no change in efficacy is anticipated by the changed ratio.
Pseudomonas aeruginosa is considered to exhibit the fol-
lowing characteristics: half-maximal (50%) minimal inhibi-
tory concentration (MIC, ) and MIC of 8 and 128 pg/mL,
respectively.'® The antibacterial effects of beta-lactam deriva-
tive antibiotics are known to correlate with the time above
MIC (TAM), which suggest that the blood level exceeds the
MIC." An indication that penicillin antibiotics provide a
maximal antibacterial effect is thought to be the achievement
of a TAM rate 0of 250%. 8 In our study, the TAM% of the bac-
teria, with an assumed MIC of 8 ug/mL, was 100% in all the
groups (2.25 g twice daily, 2.25 g three times daily, and 4.5 g
twice daily groups). The MIC, which met the condition requir-
ing that the TAM achieved 250%, was 32 pg/mL (Table 4).
A blood level of 2.5-5.0 pg/mL, which is maintained
continuously for 1-2 h, is necessary to ensure that TAZ
provides beta-lactamase inhibitory effects.!”” In our study,
all the subjects maintained TAZ blood levels at 2.5 pg/mL.
Consequently, even in the 2.25 g twice daily group, which
received the lowest drug dose of all the study groups, the beta-
lactamase inhibitory effects of TAZ exhibited the maximal
antibacterial effect of penicillin antibiotics against bacteria
with a MIC value of 32 pg/mL.
Our study revealed that TAZ/PIPC showed a prolonged t, ,
in the 2.25 g twice daily group and a reduced clearance rate

Table 4 TAM (%) for piperacillin

MIC (ug/mL) 2.25 g twice 2.25 g three 4.5 g twice
daily times daily daily

8 100 100 100

16 9616 100 100

32 82423 100 100

64 40435 85126 86

128 215 16121 46

Notes: All data are presented as the mean + SD. An indication that penicillin
antibiotics provide a maximal antibacterial effect is thought to be the achievement
of a TAM rate of 50% or more. The MIC that met the requirements was 32 pg/mL
in our study.

Abbreviation: MIC, minimum inhibitory concentration; SD, standard deviation;
TAM, time above MIC.

that maintained the blood levels. In the pharmacodynamic
analysis, the antibacterial effects of the drug with a MIC value
of 32 pg/mL can be expected. Therefore, the 2.25 g twice
daily regimen can be considered appropriate for the common
modality setting of CRRT used in Japan, which consists of
a continuous venovenous hemodiafiltration blood flow of 80
mL.min"' and blood purification amount of 10-16 mL-kg™"-h™".
However, clearance mediated by the residual renal function is
thought to occur in patients who underwent CRRT for non-
renal indications, and in such cases, it would be necessary to
exercise caution to avoid incidences of under dosing.

Drug metabolism during CRRT is known to be influenced
by the percentage liver metabolism exhibited by a patient.
In addition, in such situations, the liver metabolism was
greatly influenced by various factors, including the liver
and residual renal function, tubular secretion,'” and removal
of drugs by blood purification of the patient. In our study,
the residual renal function was remarkably low, and the rate
of drug removal by blood purification was low because the
targeted drugs were largely renally excreted, and the criteria
for initiating CRRT were renal indication. Therefore, we
concluded that the drug concentration was maintained at a
lower dose than was expected.

Limitations

We have to state a limitation of this study. The number of
investigations was 10. They are very small, and it may be
insufficient to assert that 2.25 g twice a day as the dosage of
TAZ/PIPC during CRRT is the most appropriate. But we think
that just because CRRT is performed does not mean we have
to increase the amount and time of dosage of the medicine.

Conclusion
Considering that the common modality setting of TAZ/PIPC
administration during CRRT in Japan uses a dosage of2.25 g
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twice daily where the blood levels are maintained, we propose

that the dose and frequency are appropriate, based on the

outcome of this study.
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