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1. Introduction 

Calcineurin inhibitors (CNIs) are maintenance immunosuppressive drugs that have been 
used as the main therapy for organ transplantation for many years. Of the CNIs, 
cyclosporine (CYA) and tacrolimus (TAC) are used in clinical practice. The CYA binding 
protein is cyclophilin and that of TAC is FK-binding protein (FKBP), but both drugs have 
same mechanism of action: the inhibition of interleukin 2 (IL-2) production by binding the 
binding protein complex to calcineurin (CN). It is thought that the area under the 
concentration time curve (AUC) for both drugs may be the pharmacokinetic (PK) parameter 
that is the most associated with clinical effect. However, oral CYA administration gave a 
blood concentration–time curve with a high CYA peak concentration (Cp), and oral TAC 
showed a gradual blood concentration–time curve, keeping at the minimum of the 
therapeutic range; both drugs vary significantly in their pharmacokinetics1). The Cp of CYA 
has increased since the Neoral® preparation of CYA was used, compared with 
Sandimmune®, whereas the Cp of TAC decreased since using a sustained release 
preparation; thus the differences between CYA and TAC are considerable2). Although the 
optimal pharmacokinetics of both drugs may be similar to those of other drugs with the 
same mechanism of action, no conclusions have been reached on whether the peak blood 
concentration, or a specific maintained blood concentration, is required for CNI 
pharmacokinetics, even if both drugs show identical AUCs. In addition, although CYA and 
TAC are similar CNI drugs, there are differences in the recommended monitoring points of 
CYA and TAC; these points are the C2 level (the blood concentration 2 h after oral 
administration), which mainly reflects Cp, and the trough concentration (Ct)3-8), respectively9-

11). To solve these problems, it is necessary to consider comprehensively not only AUC, but 
also Cp, Ct, and time above the minimum effective concentration (%T > MEC). We discuss 
the optimal pharmacokinetics of CNIs by comparing various aspects of CYA and TAC. 

2. Which parameter is the most closely associated with clinical results? 

2.1 Cyclosporine 

It is a well-known fact that Ct is associated with clinical effect. As when the Ct become 
higher, the AUC and the Ct p are consequently higher. it is not surprising that Ct, Cp, and 
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AUC are all correlated with clinical effect. The question, therefore, is which of these PK 
parameters is the most associated with clinical effect. It is commonly thought that the AUC 
of CYA is most closely associated with clinical effect12,13). However, it is often difficult to 
measure AUC0–12 for 12 h after administration in clinical practice. Accordingly AUC0–4 (the 
area under the concentration time curve at 0–4 h following oral administration) is generally 
used as an alternative absorption phase to AUC0–12. This earlier blood sampling point that 
has been used since the introduction of cyclosporine microemulsion preconcentrate 
(Neoral), in which oral absorption is significantly stabilized3,14,). Even AUC0–4 requires 
several blood sampling points, and this causes problems such as increased burden on 
patients, cost, and medical staff duties. It has therefore been recommended that a single 
blood sampling point, C2, be used; this is the sampling point at which the majority of 
patients show peak level in the absorption phase, and is better correlated with AUC0–12 than 
C03-8). It has been reported that AUC0–4 and C2 are associated with the incidence rate of acute 
rejection and nephropathy or similar conditions3,15-19), and a relationship with clinical effects 
and side effects was demonstrated. Nevertheless, there are several problems relating to the 
use of C2 because its determination involves the measurement of absorption values. As it 
means the change in blood concentration over time is great; there is a possibility that C2 may 
vary significantly over a small interval in blood sampling times, in comparison with trough 
value 20,21), and complicated procedures for outpatients are increased. Given the above, the 
monitoring of C2 in routine clinical practice is questionable 22,23), and it has been reported 
that there is little evidence in which it is useful to monitor C224）.  

2.2 Tacrolimus 

On the other hand, the AUC of TAC, like that of CYA, is commonly considered to be a 
parameter which is highly associated with clinical effect, despite little evidence for TAC 
treatment showing clinical effects such as acute rejection25,26）or side effects such as 

nephrotoxicity27). Therefore, TAC was examined to show which blood sampling point is the 
best correlated with AUC as CYA. One study reported that Co is the best correlated with 
AUC27), whereas another study suggested that a formula with fewer blood sampling points, 
and not Co, is the most closely correlated with AUC (limited sampling strategy) 28-31). 

Thus, although the AUC of CNIs is regarded as the PK parameter, which is the most closely 
associated with clinical effect, its monitoring point is not clear. In addition, it has not been 
much discussed whether the peak blood concentration, or a specific maintained blood 
concentration, is required for pharmacokinetics even if both drugs show identical AUC. For 
the purpose of solving this problem, the authors analyzed the pharmacokinetics of CYA and 
TAC by comparing AUC, Cp, and Ct parameters, used not as independent parameters but in 
a new manner, which could indicate the interrelationship between these parameters. 

2.3 Comparison between pharmacokinetics of oral cyclosporine and tacrolimus
1)

  

There has been no study comparing the differences between the blood concentration time 
curves of CYA and TAC in detail. Therefore, the authors thought that the pharmacokinetics 
of both drugs could be compared by using the blood concentration (C/D/BW), adjusted for 
dose per body weight. Although the AUC/(D/BW) of both CYA and TAC, which should 
show the relative availabilities, was equal, the Cp/(D/BW) of CYA was comparatively 
higher than that of TAC and, on the other hand, the Ct/(D/BW) of CYA was lower than that 
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of TAC, which illustrated a blood concentration time curve with a sharp peak. On the other 
hand, the pharmacokinetics of TAC showed that the Cp/(D/BW) of TAC was lower and the 
Ct/(D/BW) was higher, which illustrated a gently hunched blood concentration time curve, 
which was similar to the curve for continuous intravenous infusion (Figure 1, Table 1). 
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Fig. 1. Comparison of the mean blood concentration-time curves for CYA (n=20) and TAC 
(n=24) 

CYA TAC
p value

(n = 20) (n = 24)

AUC/艜/艗Ｗ(ng/mL・h)/(mg/kg) 2323±447 2507±1255 N.S.

Cｐ/Cｔ 6.00±1.78 1.93±0.43 <0.0001

𦪌ｐ/艜/艗Ｗ(ng/mL)/(mg/kg) 433.1±90.3 292.6±135.7 <0.005

Cｔ /艜/艗Ｗ(ng/mL)/(mg/kg) 77.1±23.6 160.0±91.8 <0.005

AUTL/AUC膅%) 41.9±6.9 73.4±8.1 <0.0001

膅Takeuchi H. Biol Pharm Bull. 2008 䐢  

Table 1. Comparison of pharmacokinetic parameters between CYA and TAC 

Thus, even if the AUC of both drugs were equal, the pharmacokinetics of the both drugs is 
totally different, from the viewpoint of the correlation with each peak value and each trough 
value. We developed AUTL/AUC% (percentage of the area under the trough level in the 
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area under the blood concentration) in order to assess the interrelationship between AUC, 
Cp, and Ct in comparing CYA and TAC (Figure 2). As a result, the AUTL/AUC% of CYA 
was as low as 41.9%, and the AUC had a higher percentage of dependence on Cp than on Ct. 
On the contrary, the AUTL/AUC% of TAC was as high as 73.4%, and the AUC had a higher 
percentage of dependence on Ct than on Cp (Figure 3).  
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Fig. 2. Blood concentration curve and pharmacokinetic parameters 
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AATL
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Fig. 3. Comparison of the pharmacokinetic parameters of AUTL/AUC% between CYA and 
TAC. 

To demonstrate these results further, we examined the correlation between the AUC and the 
area above trough level (AATL) or AUTL, and found that these results were consistent with 
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the theory that CYA had higher correlation with AATL, and TAC had higher correlation 
with AUTL (Table 2). If AUC is most closely associated with clinical effect, it may be 
appropriate to monitor Cp and Ct for CYA and TAC, respectively. However, considering 
that the blood concentration per unit time for Cp changes dramatically, and taking into 
account the measurement convenience and complexity of the methods, it is thought that 
TAC to measure Ct is preferable as a drug to perform TDM than CYA to recommend 
measuring C2. However, it is thought that Ct as monitoring paint is not a clinical problem, 
as the measurement of CYA Ct reflects the AUC adequately.  

 

Table 2. Comparison of correlation coefficients between AUC and AUTL or AATL in CYA- 
and TAC-treated recipients 

Furthermore, the influences on clinical effect, such as effectiveness or side effects, would be 
different between pharmacokinetics with a higher peak value, namely with low 
AUTL/AUC% and pharmacokinetics with a maintained minimum effective concentration, 
namely with high AUTL/AUC%, such as the blood concentration of continuous intravenous 
infusion, even if the AUC of both drugs were equal. By illustrating this, as shown in Figure 
4, it is possible to see a difference between the pharmacokinetics of A and B, even if both 
AUCs are equal. The Cmax of A is lower than that of B but the Cmin of A is higher than that of 
B. This relation can be applied to the correlation of CYA and TAC discussed above.  
In addition, considering PK parameters involved pharmacodynamics (PD) such as the 
minimum effective concentration (MEC), A may maintain MEC over a certain time  
(%T > MEC), which is longer than for B, even if the AUCs for both A and B are equal. CNIs 
may be a drug for which time above MIC (MEC) is associated with drug efficacy, as is the 
case with antimicrobial agents such as beta-lactam antibiotics, This suggests that the effects 
of A and B may be different, by the correlation of AUC, Cp, and Ct. 

Thus, the examination of clinical effect using only AUC is limited, and therefore, an analysis 
including the interrelationship between AUC, Cp, Ct, and time is required. 

3. Correlations among AUTL/AUC%, effects, side effects, and PK parameters 
for other drugs practicing TDM 

Table 3 shows the results of correlations among the PK parameters, effects, and side effects 
of current drugs investigated for TDM in the literature. As a result, the blood concentration 
time curves can be classified into the following categories: a drug group showing a sharp 
peak curve (AUTL/AUC < 50%, Cp/Ct > 6), such as aminoglycoside antibiotics (AGs), and a 
drug group showing a gentle peak curve (AUTL/AUC% > 60％, Cmax/Cmin < 2), such as 

antiarrhythmic drugs, bronchodilators, and anticonvulsant drugs (Figure 5). 
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AUC舢A=B

Cp舢 A<B,  Ct舢 A>B, MEC time: A>B
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Fig. 4. Pattern diagrams in the case that Cp, Ct, and MEC time are different, even though 
AUC is the same. 

 

drug ヂUTネグヂUツ% ツpグツt
efficacy

parameter
side effect
parameter

ツyclosporine ノテPツカ サゲクズ±シクズ シクケ±ゲクス ヂUツケギサ、ツコ、ツt ヂUツケギサ，ツコ，ツt

Tacrolimus ジゴクサ±スクゲ ゲクズ±ケクサ ツt ツt

ヂmikacinカォinjectionオ ゲシクザ ゲサクサ ツmax ツt膅ツmax䐢

Vancomycinカォinjectionオ コズクス ゲゲクゲ ツt ツt膅ツmax䐢

Teicoplaninカォinjectionオ サジクゲ シクケ ツt ツt

ヅisopyramide ジシクス ゲクジ

Procainamide シザクゲ ゲクズ

ノexiletine ジゲクシ ゲクス

ズケクサ ゲクコ

ジザクズ ゲクジ

ズケクザ ゲクゴ

ジコクサ ゲクズ

スケクジ ゲクザ

ジジクシ ゲクザ

スコクジ ゲクザ

カヂUTネグヂUツ%舼ザケ%、ツmaxグツmin＞シ

ツt

maintenance of
effective blood
concentration

ツt

Theophylline

Sodium valproate

Takeuchi H. Organ Biology (Jｐn) 2009  

Table 3. AUTL/AUC%, Cp/Ct, and parameters of the efficacy and side effect of drugs that 
are used in therapeutic drug monitoring (TDM) 
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Fig. 5. Two patterns of blood concentration curve based on AUTL/AUC% 

All drugs except AGs, glycopeptide antibiotics, and CYA, which required AUTL/AUC% 

≥60% and Cp/Ct ≤2 to maintain the therapeutic range, had a gentle blood concentration 

time curve and the monitoring point was Ct. It is preferred that AGs maintain a 

concentration to the peak value for as long as possible, but it must be reduced to below a 

specific blood concentration on a temporary basis to avoid nephrotoxic side effects. 

Therefore, AUTL/AUC% decreased to a low level and Cp/Ct increased to a high level to 

show a blood concentration time curve with a sharp peak. Furthermore, AGs have a post-

antibiotic effect (PAE), so that it can maintain its effect even if it falls below the 

therapeutic range. 

Furthermore, the pharmacokinetics of AGs and glycopeptide antibiotics relate to 

administration by injection, and these drugs are not required to control a clinical condition 

for a long period. Therefore, the results showed that CYA (Neoral) was the only oral drug 

used for prevention of a long-term pathologic condition that showed a sharp peak curve. 

Drugs with a sharp peak concentration were the only drugs for which the blood 

concentration needed to be reduced on a temporary basis to avoid side effects, and there 

was no drug that needed to be at peak concentration in order to have an effect. However, 

when the CYA used was switched from Sandimmune to Neoral to increase and stabilize 

absorption, the absorption rate constant (Ka) became large such that the peak value 

necessarily increased, and the AUTL/AUC% decreased.  
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CYA may not require higher peak concentration, if the trough concentration can be higher to 
keep the AUC, although it is impossible that raising the trough value and decreasing the 
peak value (to increase the AUTL/AUC%) using the existing CYA formulation, keep the 
AUC. 

4. Optimal pharmacokinetics based on PK/PD analysis 

In connection with the preceding paragraph, regarding patients treated with CYA (Neoral), 
it has been reported that the inhibitory action of CN was in proportion to the blood 
concentration following administration32), and that IL-2 was stably suppressed at the peak 
value rather than the trough value33). On the other hand, another report showed that TAC 
above a certain level continuously had an inhibitory action of CN after administration34). It 
is possible that the differences between the both drugs may contribute to these results 
(Figure 6). In other words, CYA shows sufficient CN inhibitory action at the peak value, but 
the data suggests that the CN inhibitory action may be insufficient at the trough value. On 
the other hand, TAC is at a concentration that shows a certain level of CN inhibitory action 
throughout all time points, including the trough value, which suggests that it may always 
show inhibitory action of CN above a certain concentration.  

ケ

コケ

サケ

シケ

スケ

ゲケケ

ゲコケ

ケ ゲ コ サ ズシ

Time

ツ
ハ

  
ac

ti
vi

ty
 ォ

%オ

ケ

コケケ

サケケ

シケケ

スケケ

ゲケケケ

ゲコケケ

ツ
Y
ヂ

 c
o
nc

en
tr

at
io

n
 (

n
g
/m

L
)

% calcineurin activity

blood level ォngグmネオ

Halloran P,  Focus on Medicine, No. 13, 1998

ケ

コケ

サケ

シケ

スケ

ゲケケ

ゲコケ

ケ ゲ コ ゴ サ シ

Time

ツ
ハ

 a
ct

iv
it

y
 (

%
)

ケ

ゲケ

コケ

ゴケ

サケ

ザケ

シケ

T
ヂ

ツ
c
on

ce
n
tr

at
io

n
 ォ
ng

グ
m

ネ
オ

Pernille B et al., Transplant 2001: Abstract #1076, 
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Fig. 6. Relationship between blood concentration and calcineurin activity in CYA and TAC. 

The authors analyzed the relationship of the concentration—lymphocyte proliferation rate 
curves (PD) of CYA and TAC with the target blood concentration (PK) and found that 
lymphocyte proliferation was completely suppressed at the trough level of TAC. On the 
other hand, CYA had a low inhibition ratio at the trough value and was more than sufficient 
inhibited at the peak value, so that there was no need for the concentration to be as high as 
the peak value in terms of pharmacodynamics; consequently, it was necessary to make the 
trough value higher (Figure 7). 
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Fig. 7. Relationship between average concentration-lumphocyte proliferation rate curves 
and target blood concentration of calcineurin inhibitors. 

5. Optimal blood concentration for continuous intravenous infusion based on 
AUC 

Currently, intermittent intravenous administration and 24-h continuous intravenous 
administration can be compared for optimal pharmacokinetics in clinical practice. 

For patients undergoing hematopoietic stem cell transplantation, drugs are administered by 

intravenous injection for relatively long periods, from several weeks to several months, 

because ingestion is not possible. However, the theoretical optimum targeted blood 

concentration for continuous infusion has never been clearly determined. If AUC is the 

parameter most closely associated with clinical effect, it can be considered correct, in theory, 

to adjust the blood concentration of oral and intravenous administration to the level that 

achieves the same AUC. We used the AUTL (area under trough level) parameter developed 

by the authors to calculate the target blood concentration for continuous intravenous 

infusion from the trough level for oral administration35,36). As a result, the target blood 

concentration for continuous intravenous infusion of TAC (Css) was 1.4 times that of the Ct 

because AUTL/AUC% is large. These results were almost close to the blood concentration 

in the present practice of continuous intravenous infusion. Meanwhile, CYA has a small 

AUTL/AUC% so that a trough value 2.55 times higher and a considerably high Css were 

required in theory (Figure 8). 
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CYA舢Css = Ct × 2.55 200 510

 

Nakamuka Y, Transplant Proc, 2005  
 
 

Fig. 8. Formula for calculating Css from Ct, and the relationship between the AUC of oral 
administration and continuous intravenous infusion. 

In actual hematopoietic stem cell transplantation, it has been reported that continuous 

intravenous infusion of CYA at 250–400 ng/mL Css, which is lower than the theoretical 

value, showed lower nephrotoxicity than intermittent intravenous administration twice a 

day, and that the incidence rate of acute graft-versus-host disease (GVHD) was high37). 

However, in a study by the same group, comparing a 300 ng/mL Css group with a  

500 ng/mL Css group, it was reported that the incidence rates of acute and chronic GVHD 

were significantly lower in the 500 ng/mL group, and there was no difference in side effects, 

such as nephrotoxicity, between both groups of the trial38). In another study by Miller et al. 

using a Css of 450–500 ng/mL, similar results on acute GVHD and tolerability were 

reported39) and these reports were consistent with the authors’ hypothesis. Continuous 

intravenous infusion is the ultimate method for maintaining a minimum effective 

concentration (Figure 4-A), and it may be possible for the pharmacokinetics to have no peak 

if the AUC of CYA can be obtained; in other words, the pharmacokinetics as minimum 

effective concentration is maintained.  

Meanwhile, in many institutions, patients undergoing hematopoietic stem cell 
transplantation received different dosages, such as 3 mg/kg/day twice a day  
(3 h continuous infusion) by I.V. infusion, once a day (4 h continuous infusion) by  
I.V. infusion, once a day (10 h continuous infusion) by I.V. infusion, and 24 h continuous 
intravenous. However, there are slight differences in the clinical results40). Each AUC was 
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almost the same, at around 11,000 ng·h/mL, in all the dosages above, but the results 
calculated by the authors revealed that each AUTL/AUC% was approximately equal  
(35–44%) in intermittent administration and it was 100% in continuous intravenous 
infusion (Figure 9). Moreover, we set various therapeutic ranges to simulate and calculate  
%T > MEC and found that the values significantly varied depending on MEC (Figure 10). 
These results suggest that CYA has a wide tolerance of blood concentration in terms of 
action and side effects, and that all dosages might be clinically equal.  

 

 

Fig. 9. Comparison of pharmacokinetic parameters among various administration methods 
of CYA in hematopoietic stem cell transplants. 

For TAC, it has already been shown in a clinical trial that numerous side effects, such as 
nephropathy or neurologic symptoms, are caused by twice daily intermittent intravenous 
administration. Therefore, the package insert indicates that it should be administered by 24 
h continuous intravenous administration, and it is known that continuous intravenous 
administration is appropriate. It may be because the method for oral use has a large 
AUTL/AUC% and no high peak, whereas intravenous injection twice a day by high speed 
drip has a high peak. It is considered that the effect range and the side effect range of TAC 
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may be closer than those of CYA and that pharmacokinetics showing a gentle blood 
concentration time curve (large AUTL/AUC%) may be suitable. 

 

ノテツ コサギhツIV サ h×ゲ pクoク×コカ ゴ h×コ ゲケ h×ゲ

ゴケケ ngグmネ ゲケケ% ジゴ% シズ% シズ% シズ%

サケケ ngグmネ ゲケケ% シゲ% ザサ% ザゲ% サゴ%

ザケケ ngグmネ ゲケケ% カ ザゲ% サコ% ゴシ% コジ%

500 ng/mL

400 ng/mL

300 ng/mL

high low

15

MEC

 

Fig. 10. T%>MEC of various CYA administration methods for each MEC in hematopoietic 
stem cell transplants. 

6. Pharmacokinetic differences between morning and evening 

In studies monitoring the blood concentration of CYA and TAC for 24 h and comparing 

the pharmacokinetics of morning and evening, some studies reported that there was no 

difference in pharmacokinetics between morning and evening41,42), whereas several other 

studies reported that there was a difference43-45). In the authors’ data, the AUC0–12, AUC0–4, 

C2, and Cmax following evening administration were significant lower than those 

following morning administration both in patients treated with CYA and patients treated 

with TAC46,47) (Figure 11). As TAC shows gradual blood concentration–time curve in 

comparison with CYA, TAC is hardly affected by delayed or reduced absorption in the 

evening, so that the differences between various PK parameters between morning and 

evening were smaller in TAC (Table 4). Therefore, a drug such as TAC, which shows 

pharmacokinetics with a large AUTL/AUC% may have potential benefits because it has 

little difference in pharmacokinetics between morning and evening. However, a sustained 

release preparation of TAC administered once a day has been launched and its 

pharmacokinetics has no peak value in the evening because it is administered only in the 

morning, but its efficacy is equal to that of a drug administered twice a day. From this 

fact, it is possible that the pharmacokinetic difference between morning and evening is 

not a clinical problem. 
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Fig. 11. Comparison of blood concentration-time curves through 24 hours between CYA and 
TAC. 

 

Tヂツォn=ゲコオ ツYヂォn=ゲケオ P値

ヂUツケギゲコ膅ng･hrグmlオ ケクズゲ±ケクゲケ ケクジジ±ケクゴゲ ケクケケジゴカ

ヂUTネグヂUツォ%オ ゲクココ±ケクゲス ゲクサコ±ケクコジ ケクケザゴス

ヂUツケギサ膅ng･hrグmlオ ケクジサ±ケクゲサ ケクザシ±ケクゲズ ケクケゲササカ

ツコ膅ngグmlオ ケクジケ±ケクゴゲ ケクザゲ±ケクコザ ケクゲゴスコ

ツmax膅ngグmlオ ケクジズ±ケクコシ ケクザザ±ケクゲサ ケクケゲシゲカ

ツmin膅ngグmlオ ゲクゲジ±ケクコゲ ゲクコス±ケクゴケ ケクゴゲゴゲ

ツmaxグツmin ケクジゲ±ケクゴコ ケクサザ±ケクゲシ ケクケゴサゴカ

Tmaxォ菐ｒ䐢 コクシジ±ゲクサコ ゲクシゴ±ケクスケ ケクケコスジカ

 

Table 4. Comparison of pharmacokinetic parameter ratios of evening to morning 
administrations between TAC and CYA 

       p.o     p.o
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7. Calculation of optimal dose and blood trough concentration on switching 
between CYA and TAC 

The authors calculated the optimal dose and the Ct concentration on switching between 
CYA and TAC, with a comparison of the pharmacokinetics (AUC, Cp, and Ct) of CYA and 
TAC. AUC/D/BW is equal, but the Ct of TAC is relatively higher than that of CYA as a 
result of the pharmacokinetic differences; considering this, the dosage ratio is as follows: 
CYA:TAC = 25:1, and the targeted Ct ratio is as follow: CYA:TAC = 13:148,49) (Figure 12). 
These reduced values were equal to the titer ratio calculated from the IC50 value of the PD 
data. 

 

 
 

Fig. 12. Conversion rate of dose and target trough level derived from pharmacodynamic and 
pharmacokinetic analyses.  

8. Conclusion 

Although both CYA and TAC belong to CNIs and the availabilities (AUC/D/BW) are the 
same, significant differences in the pharmacokinetics (blood concentration-time curve) of 
both drugs were found. Given that the AUC is the parameter that is most closely 
associated with clinical effect, it is optimal to monitor Cp and Ct for oral CYA and TAC, 
respectively.  
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However, even if both drugs show identical AUC, the clinical effects, such as effectiveness 
or side effects, may vary according to differences in the blood concentration time curve 
based on the relative correlation of Cp and Ct. From the report on inhibitory action of CN 
and blood concentration32) and the results of PK/PD analysis, It is also thought that CYA 
status is shown in Figure 13-A. On this basis, it is supposed that the clinical effect of CYA is 
slightly lower than that of TAC50-52). It is plausible that the Ct of CYA can be reduced on a 
temporary basis to avoid nephrotoxicity, as is done with AGs (Figure 13-A). Conversely, 
there is a possibility that Cp is associated with side effects as shown in Figure 13-B. CYA can 
reduce the Cp (Figure 13-D) and can also keep the AUC in the blood concentration time 
curve to elevate the Ct. In fact, CYA shows good results by continuous intravenous infusion 
for hematopoietic stem cell transplantation38). However, it has been found that there is a 
slight difference in the clinical results of the hematopoietic stem cell transplantation40) 
(Figure 14). Therefore, CYA has wide tolerance of blood concentration, even if it is 
administered at various dosages or if it has various blood concentration time curves.  
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Fig. 13. Various relationships of blood concentration curve and the effective and side effect 
ranges, when AUCs are equivalent. 
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CYA and TAC are used equally in clinical practice in terms of the existing therapeutic dose 
and the AUC, and there are no particular problems (Figure 13-C). On the other hand, it is 
thought that a gentle (with AUTL/AUC% high) blood concentration time curve is suitable 
for TAC because its tolerance level is low (Figure 14).  
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Fig. 14. Difference in range of effective and side effect bllod concentrations between CYA 
and TAC. 

9. References 

[1] Takeuchi H, Matsuno N, Senuma K et al. Evidence of different pharmacokinetics 

including relationship among AUC, peak, and trough levels between cyclosporine 

and tacrolimus in renal transplant recipients using new pharmacokinetic 

parameter--why cyclosporine is monitored by C(2) level and tacrolimus by trough 

level--.Biol Pharm Bull 31:90-94, 2008 

[2] Heffron TG, Pescovitz MD, Florman S et al. Once-daily tacrolimus extended-release 

formulation: 1-year post-conversion in stable pediatric liver transplant recipients. 

Am J Transplant 7:1609-1615, 2007 

[3] .Mahalati K, Belitsky P, Sketris I, West K, Panek R. Neoral monitoring by simplified 

sparse sampling area under the concentration-time curve. Transplantation 68:55-62, 

1999 

[4]  International Neoral Renal Transplantation Study Group. Cyclosporine microemulsion 

(Neoral) absorption profiling and sparse-sample predictors during the first 3 

months after renal transplantation. Am J Transplant 2:148-156, 2002 

[5] Cantarovich M, Barkun J, Besner JG et al. Cyclosporine peak levels provide a better 

correlation with the area-under-the-curve than trough levels in liver transplant 

patients treated with neoral. Transplant Proc 30:1462-1463, 1998 

[6] Cantarovich M, Barkun JS, Tchervenkov JI, et al. Comparison of neoral dose monitoring 

with cyclosporine through levels versus 2-hr postdose levels in stable liver 

transplant patients. Transplantation 6:1621-1627, 1998 

www.intechopen.com



Optimal Pharmacokinetics of Cyclosporine and 
Tacrolimus Based Relationship Among AUC, Trough and Peak Concentration 

 

233 

[7] Cantarovich M, Besner JG, Barkun JS, et al. Two-hour cyclosporine level determination  

is the appropriate tool to monitor Neoral therapy. Clin Transplant 12:243-249,  

1998 

[8] Jaksch P, Kocher A, Neuhauser P, et al. Monitoring C2 level predicts exposure in 

maintenance lung transplant patients receiving the microemulsion formulation of 

cyclosporine (Neoral). J Heart Lung Transplant 24:1076-1080, 2005 

[9] Staatz C, Taylor P, Tett S. Low tacrolimus concentrations and increased risk of early 

acute rejection in adult renal transplantation. Nephrol Dial Transplant 16:1905–

1909, 2001 

[10] Böttiger Y, Brattström C, Tydén G, Säwe J, Groth CG. Tacrolimus whole blood 

concentrations correlate closely to side-effects in renal transplant recipients. Br J 

Clin Pharmacol  48:445–448, 1999 

[11] Venkataramanan R, Shaw LM, Sarkozi L et al. Clinical utility of monitoring  

tacrolimus blood concentrations in liver transplant patients. J Clin Pharmacol 

41:542-551, 2001 

[12] Lindholm A, Kahan BD. Influence of cyclosporine pharmacokinetics, trough 

concentrations, and AUC monitoring on outcome after kidney transplantation. Clin 

Pharmacol Therapeutics. 54:205-218, 1993 

[13] Schroeder TJ, Hariharan S, First MR. Relationship between cyclosporine bioavailability 

and clinical outcome in renal transplant recipients. Transplant Proc 26:2787-2790, 

1994 

[14] Johnston A, David O, Cooney G. Pharmacokinetic validation of neoral absorption 

profiling. Transplant Proc 32: 53S, 2000 

[15] Levy GA. Neoral is superior to FK506 in liver transplantation. Transplant Proc 30:1812-

1815. 1998 

[16] Keown P (on behalf of the Canadian Neoral Study Group). Absorption profiling of  

cyclosporine microemulsion (Neoral) during the first 2 weeks after renal 

transplantation. Transplantation 72:1024-1032, 2001 

[17] Keown P (on behalf of International Neoral Renal Transplantation Study Group). 

Randomized, International Study of Cyclosporine Microemulsion Absorption 

Profiling in Renal Transplantation with Basiliximab Immunoprophylaxis. Am J 

Transplant 2:157-166,2002: 

[18] Mahalati K, Belitsky P, West K, et al. Approaching the therapeutic window for 

cyclosporine  

in kidney transplantation: a prospective study. J Am Soc Nephrol 12:828-833,  

2001 

[19] Pescovitz MD, Barbeito R; Simulect US01 Study Group. Two-hour post-dose 

cyclosporine level is a better predictor than trough level of acute rejection of renal 

allografts. Clin Transplant 16:378-382, 2002 

[20] Levy G, Thervet E, Lake J, Uchida K, On behalf of the CONCERT group. Patient 

management by Neoral C(2) monitoring: An international consensus 

statement. Transplantation 73:S12-18, 2002 

www.intechopen.com



 
Readings in Advanced Pharmacokinetics – Theory, Methods and Applications 

 

234 

[21] Saint-Marcoux F, Rousseau A, Le Meur Y, et al. Influence of sampling-time error on 

cyclosporine measurements nominally at 2 hours after administration. Clin 

Chem 49:813-815, 2003 

[22] Campbell SB, Johnson DW. Patient management by cyclosporine C2 monitoring: not 

enough science yet to justify the practice. Transplantation 75:1917-1918, 2003 

[23] Birsan T, Wekerle T, Steininger R, Muhlbacher F. C2 versus C0 cyclosporine 

monitoring: The end for us. Transplantation 80: 543, 2005 

[24] Knight SR, Morris P. The clinical benefits of cyclosporine C2-level monitoring: a 

systematic review. Transplantation 83:1525-1535, 2007 

[25] Kuypers DR, Claes K, Evenepoel P, Maes B, Vanrenterghem Y. Clinical efficacy and 

toxicity profile of tacrolimus and mycophenolic acid in relation to combined long-

term pharmacokinetics in de novo renal allograft recipients. Clin Pharmacol Ther 

75:434-447, 2004 

[26] Undre NA, VanHooff J, Christiaans M et al. Stevenson P. Low systemic exposure to 

tacrolimus correlates with acute rejection. Transplant Proc 31:296–298, 1999 

[27] Jorgensen K, Povlsen J,Madsen S et al. C2 (2-h) levels are not superior to trough levels 

as estimates of the area under the curve in tacrolimus-treated renal-transplant 

patients. Nephrol Dial Transplant 17:1487–1490, 2002 

[28] Yolanda A, Leonor P, Carme C et al. Evaluation of a limited sampling strategy to 

estimate area under the curve of tacrolimus in adult renal transplant patients. Ther 

Drug Monit 27:431–434, 2005 

[29]  Wong KM, Shek CC, Chau KF, Li CS. Abbreviated tacrolimus area under the  

curve monitoring for renal transplant recipients. Am J Kidney Dis 35:660–666,  

2000 

[30] Mathew BS, Fleming DH, Jeyaseelan V et al. A limited sampling strategy  

for tacrolimus in renal transplant patients. Br J Clin Pharmacol 66:467-472,  

2008 

[31] Stolk LML, Van Duijnhoven EM, Christiaans MHL, Van Hooff JP. Trough levels of 

tacrolimus. Ther Drug Monit 24:573-574, 2002 

[32] Halloran PF, Helms LM, Kung L, Noujaim J. The temporal profile of calcineurin 

inhibition by cyclosporine in vivo. Transplantation 68:1356-1361, 1999 

[33] Sindhi R, LaVia MF, Paulling E et al. Stimulated response of peripheral lymphocytes 

may distinguish cyclosporine effect in renal transplant recipients receiving a 

cyclosporine+rapamycin regimen. Transplantation 69:432-436, 2000 

[34] Pernille B, Nielsn K, Gesualdo MB et al. Blood tacrolimus levels and  

calcineurin phosphatase activity early after renal transplantation. AST abstract 

1076, 2001 

[35] Nakamura Y, Takeuchi H, Okuyama K et al. Evaluation of appropriate blood level in 

continuous intravenous infusion from trough concentrations after oral 

administration based on area under trough level in tacrolimus and cyclosporine 

therapy. Transplant Proc 37:1725-1727, 2005 

[36] Takeuchi H, Okuyama K, Akashi T et a.l Evaluation of Blood Level in Continuous 

Intravenous Infusion from Blood Trough Level after Oral Administration Based on 

www.intechopen.com



Optimal Pharmacokinetics of Cyclosporine and 
Tacrolimus Based Relationship Among AUC, Trough and Peak Concentration 

 

235 

Area Under Trough Level (AUTL) in Tacrolimus and Cyclosporine The Japanese 

Journal of Therapeutic Drug Monitoring (Jpn) 21:268-272, 2004 

[37] Ogawa N, Kanda Y, Matsubara M et al. Increased incidence of acute graft-versus-host 

disease with the continuous infusion of cyclosporine A compared to twice-daily 

infusion. Bone Marrow Transplant 33: 549-552, 2004 

[38] Oshima K, Kanda Y, Nakasone H et al. Decreased incidence of acute graft-versus-host 

disease by continuous infusion of cyclosporine with a higher target blood 

level. Am J Hemato 83:226-232, 2008 

[39] Miller KB, Schenkein DP, Comenzo R et al. Adjusted-dose continuous-infusion 

cyclosporin A to prevent graft-versus-host disease following allogeneic bone 

marrow transplantation. Ann Hematol 68:15-20, 1994 

[40] Furukaw T. overview of therapeutic drug monitoring of cyclosporine in the allogeneic 

hematopoietic stem cell transplantation Transplantation Now (Jpn) 21：608-612, 

2008 

[41] Milanian I, Ghods AJ, Mahmoudian M et al. Study of circadian variation of 

cyclosporine pharmacokinetics. Transplant Proc 29:2930-2931, 1997 

[42] Kovarik JM, Mueller EA, van Bree JB et al. Within-day consistency in cyclosporine 

pharmacokinetics from a microemulsion formulation in renal transplant patients. 

Ther Drug Monit 16:232-237, 1994 

[43] Chateauvert N, Cote H. Circadian variations in the pharmacokinetics of a new 

microemulsion formulation of cyclosporine in cardiac transplant recipients. 

Pharmacotherapy 18:364-370, 1998 

[44] Min DI, Chen HY, Fabrega A et al. Circadian variation of tacrolimus disposition in 

liver allograft recipients. Transplantation 62:1190-1192, 1996 

[45] Park SI, Felipe CR, Pinheiro-Machado PG et al Circadian and time-dependent 

variability in tacrolimus pharmacokinetics. Fundam Clin Pharmacol 21:191-197, 

2007 

[46] Takeuchi H, Akashi T, Akashi I et al. Difference of Pharmacokinetics between Morning 

and Evening Administration in Cyclosporine Microemulsion Formulation -Slower 

and Lower Absorption in Evening Administration Japanese Journal of 

Transplantation (Jpn) 38:74-82, 2003 

[47] Iwahori T, Takeuchi H, Matsuno N at al. Pharmacokinetic differences between 

morning and evening administration of cyclosporine and tacrolimus therapy. 

Transplant Proc 37:1739-1740, 2005 

[48] Takeuchi H, Matsuno N, Takeshi Nagaoat al.. Clinical applications of optimal 

converting values of dose and target trough level in conversion of tacrolimus to 

cyclosporine as evaluated by pharmacokinetic and pharmacodynamic analysis. 

Transplantation Now (Jpn) 18:725-728, 2005 

[49] Takeuchi H, Okuyama K, Konno O et al. Optimal dose and target trough level  

in cyclosporine and tacrolimus conversion in renal transplantation as evaluated  

by lymphocyte drug sensitivity and pharmacokinetic parameters. Transplant Proc 

37:1745-1747, 2005 

[50] Ekberg H, Tedesco-Silva H, Demirbas A et al. Reduced exposure to calcineurin 

inhibitors in renal transplantation. N Engl J Med 357;2562-2575, 2007 

www.intechopen.com



 
Readings in Advanced Pharmacokinetics – Theory, Methods and Applications 

 

236 

[51] Margreiter R;European Tacrolimus vs Ciclosporin Microemulsion Renal 

Transplantation Study Group. Efficacy and safety of tacrolimus compared with 

ciclosporin microemulsion in renal transplantation: a randomised multicentre 

study. Lancet 359;741-746, 2002 

[52] Webster A, Woodroffe RC, Taylor RS, Chapman JR, Craig JC. Tacrolimus  

versus ciclosporin as primary immunosuppression for kidney transplant recipients: 

meta-analysis and meta-regression of randomised trial data. BMJ. 331;810-820,  

2005 

www.intechopen.com



Readings in Advanced Pharmacokinetics - Theory, Methods and

Applications

Edited by Dr. Ayman Noreddin

ISBN 978-953-51-0533-6

Hard cover, 378 pages

Publisher InTech

Published online 20, April, 2012

Published in print edition April, 2012

InTech Europe

University Campus STeP Ri 

Slavka Krautzeka 83/A 

51000 Rijeka, Croatia 

Phone: +385 (51) 770 447 

Fax: +385 (51) 686 166

www.intechopen.com

InTech China

Unit 405, Office Block, Hotel Equatorial Shanghai 

No.65, Yan An Road (West), Shanghai, 200040, China 

Phone: +86-21-62489820 

Fax: +86-21-62489821

This book, "Readings in Advanced Pharmacokinetics - Theory, Methods and Applications", covers up to date

information and practical topics related to the study of drug pharmacokinetics in humans and in animals. The

book is designed to offer scientists, clinicians and researchers a choice to logically build their knowledge in

pharmacokinetics from basic concepts to advanced applications. This book is organized into two sections. The

first section discusses advanced theories that include a wide range of topics; from bioequivalence studies,

pharmacogenomics in relation to pharmacokinetics, computer based simulation concepts to drug interactions

of herbal medicines and veterinary pharmacokinetics. The second section advances theory to practice offering

several examples of methods and applications in advanced pharmacokinetics.

How to reference

In order to correctly reference this scholarly work, feel free to copy and paste the following:

Hironori Takeuchi (2012). Optimal Pharmacokinetics of Cyclosporine and Tacrolimus Based Relationship

Among AUC, Trough and Peak Concentration, Readings in Advanced Pharmacokinetics - Theory, Methods

and Applications, Dr. Ayman Noreddin (Ed.), ISBN: 978-953-51-0533-6, InTech, Available from:

http://www.intechopen.com/books/readings-in-advanced-pharmacokinetics-theory-methods-and-

applications/optimal-pharmacokinetics-of-cyclosporine-and-tacrolimus-based-relationship-among-auc-trough-

and-peak



© 2012 The Author(s). Licensee IntechOpen. This is an open access article

distributed under the terms of the Creative Commons Attribution 3.0

License, which permits unrestricted use, distribution, and reproduction in

any medium, provided the original work is properly cited.


