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Everolimus (EVL) plus tacrolimus (TAC) therapy is effective and safe in renal transplantation. However, the phar-
macokinetic and pharmacodynamic information for EVL combined with TAC is limited. We investigated the phar-
macodynamic drug—drug interaction between EVL and TAC at their therapeutic concentration range.

Isolated peripheral blood mononuclear cells (PBMCs) from 22 healthy participants aged 22 to 24 years were
cultured with concanavalin A (Con A) in the presence of EVL and/or TAC for 4 days, and the proliferation rate
of the PBMCs was calculated.

TAC promoted the inhibitory efficacy of EVL against the mitogen-activated proliferation of PBMCs at the EVL
therapeutic concentration range. When 0.175 ng/mL or more of TAC was combined with 30 ng/mL or more of
EVL, the antagonistic effect of TAC on the inhibitory efficacy of EVL against the mitogen-activated prolifera-
tion of PBMCs was observed. Conversely, when 0.4 ng/mL TAC and 10 ng/mL or more of EVL were combined,
the antagonistic effect of EVL on the inhibitory efficacy of TAC against the mitogen-activated proliferation of
PBMCs was observed.

The pharmacodynamic synergistic efficacy of EVL and TAC in combination on mitogen-activated PBMCs was
evident at the therapeutic concentration range, which is used in renal transplantation. However, these drugs
antagonize each other to suppress the proliferation of activated PBMCs at concentrations higher than those
clinically used.
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Material and Methods

In renal transplantation, immunosuppressive drugs and the ther-
apies based on these drugs have markedly improved graft sur-
vival and function, enabling successful transplantation. Factors
that influence long-term graft survival include nephrotoxic-
ity due to the use of calcineurin inhibitors (CNIs) [1] and in-
fections and malignant tumors, which occur due to the long-
term immunosuppression from the drugs. The mTOR inhibitor
everolimus (EVL) has been used as an efficient immunosup-
pressive drug for renal transplantation since December 2011,
under the health insurance of Japan. EVL is currently used in
combination with CNIs, prednisolone, mycophenolate mofetil,
and basiliximab. Combining EVL with the other drugs is expect-
ed to reduce the renal toxicity of CNIs, prevent viral infections
such as cytomegalovirus and polyomavirus BK, [2], suppress
tumors [3-5], and reduce cardiovascular events by suppress-
ing intimal thickening [6] and improving left ventricular systolic
function [7], while maintaining an immunosuppressive effect.

EVL forms a complex with the intracellular tacrolimus (TAC)
binding protein FKBP12, and the EVL-FKBP12 complex inhib-
its cell proliferation through binding with mTOR, which asso-
ciates with the G1/S1 cell cycle [8]. Accordingly, EVL inhibits
the proliferation of T cells [9], B cells [8], and vascular smooth
muscle cells [9], and suppresses the development of neoath-
erosclerosis [6] and renal interstitial fibrotic lesions [10]. Both
TAC and EVL bind with FKBP12 [11,12]. However, TAC represents
a different pharmacological action from that of EVL, inhibiting
calcineurin in the T-cell signaling pathway, which subsequent-
ly suppresses the production of cytokines such as IL-2 [13].

Van Rossum et al reported that the combination regimen of
EVL and TAC enhances the immunosuppressive effect of TAC
in vitro, whereas the combination gives an antagonistic effect
when the concentration of EVL and TAC are high enough to sat-
urate the FKBP12 molecule in immune cells [14]. In Japan, we
have carefully considered the combination regimen of EVL and
TAC in renal transplantation because of the antagonistic effect
between these drugs, and we gradually began using the com-
bination after the health insurance approval of EVL. However,
the pharmacodynamic drug-drug interaction between EVL and
TAC at a clinically therapeutic concentration has not been clar-
ified, which is the reason we planned this study.

In the present study, we investigated the effect of TAC on the
inhibitory efficacy of EVL against the T-cell mitogen-activated
proliferation of peripheral blood mononuclear cells (PBMCs)
obtained from healthy participants. We also investigated the
antagonistic effects of EVL and TAC on the mitogen-activat-
ed proliferation of PBMCs. Taken together with these points,
we discuss the pharmacodynamic drug-drug interaction be-
tween EVL and TAC at their therapeutic concentration range.
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Reagents

Roswell Park Memorial Institute (RPMI)-1640 culture medium
and fetal bovine serum were purchased from Gibco BRL (Grand
Island, NY, USA). Concanavalin A (Con A) was purchased from
Seikaguku Kogyo Co (Tokyo, Japan). EVL and TAC were pur-
chased from Fujifilm Wako Pure Chemical Co (Osaka, Japan).
The EVL and TAC were dissolved in ethanol, and the working
concentrations were prepared after dilution. All other reagents
were of the best available grade.

Participants

Blood samples were obtained from 22 healthy participants (10
men and 12 women) aged 22 to 24 years. These participants
had no history of immunological disorders or of taking immu-
nosuppressive drugs. This study was approved by the institu-
tional ethics committee for studies in humans at the Tokyo
University of Pharmacy and Life Sciences (Tokyo, Japan; ap-
proval No. 17-7).

PBMC isolation and culture

For each participant, a sample of 10 mL of venous blood was
loaded onto 4 mL of Ficoll-Hypaque (Nakarai Co, Japan) lym-
phocyte separation medium, and centrifuged at 1300xg for 20
min. The PBMC layer was transferred to another tube, and 5
mL of RPMI-1640 medium supplemented with 10% fetal bo-
vine serum, 100 000 IU/L penicillin, and 100 mg/L streptomy-
cin were added and mixed well. Then, the cells were centri-
fuged at 1300xg for 20 min. After removing the supernatant,
fresh RPMI-1640 medium was added and the cell suspension
was mixed and centrifuged. Finally, the PBMCs were diluted to
1x10° cells/mL with the medium. An amount of 195 pL of the
PBMC suspension and 1 pL of 1 mg/mL Con A solution were
added to each well of a 96-well plate. Next, 4 pL of ethanol
as a control or 4 pL of immunosuppressive drug was added,
making a total volume of 200 pL. Thus, the final concentra-
tions were 10 to 1000 ng/mL of EVL and 0.05 to 0.25 ng/mL
of TAC. In the combination of EVL and TAC, 2 pL of each drug
solution was added to the culture well. After mixing, the plate
was cultured at 37°C with 5% CO, for 72 h. Subsequently, 0.5
pL of [*H] thymidine solution (18.5 KBg/well) was added to
each well, and the plate was cultured for an additional 20 h.

Evaluation of the effect of immunosuppressive drugs on
PBMC proliferation rate

After culturing, the cells were harvested and the radioactiv-
ity of [*H] thymidine incorporated into the PBMCs was mea-
sured using a liquid scintillation counter. The proliferation rate
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of PBMCs stimulated by Con A was calculated using the fol-
lowing formula:

E-f
£k,

proliferation rate of PBMCs (%):( ) x100,

in which E, E,, and E, represent the radioactivity incorporat-
ed into unstimulated PBMCs without drug (disintegrations per
minute [dpmy]), the radioactivity incorporated into PBMCs stim-
ulated by Con A in the absence of drug (dpm), and the radio-
activity incorporated into PBMCs stimulated by Con A in the
presence of drug (dpm), respectively.

The effect of TAC on the inhibitory efficacy of EVL against
the mitogen-activated proliferation of PBMCs

The concentration-proliferation curves of EVL and TAC against
the Con A-activated PBMCs were obtained according to the
procedures described above. Then, the theoretical curve that
was obtained by simply subtracting the inhibition rates of TAC
on PBMC proliferation from the EVL curve was defined as the
“simulated combination curve”. The difference between the
proliferation rates of the PBMCs treated with EVL and those
of the PBMCs treated with the drug combination or those of
PBMCs under the simulated combination was evaluated at the
EVL therapeutic concentration range. The effect of TAC on the
inhibitory efficacy of EVL against the mitogen-activated prolif-
eration of PBMCs was also evaluated at the same concentra-
tion range. We demonstrated the synergistic effect between
CNI and steroids with same method used in a previous study
that analyzed PBMC sensitivity to steroids [15].

The antagonistic effect of TAC on the inhibitory efficacy of
EVL against the mitogen-activated proliferation of PBMCs

The proliferation rate of PBMCs treated with 10 ng/mL of EVL,
in which the antagonistic effect on TAC action was not ob-
served, was used as a reference value, and the differences be-
tween the PBMC proliferation rates in the presence of 10 ng/
mL of EVL and those in the presence of 30, 50, 80, 100, and
1000 ng/mL of EVL were analyzed by Dunnet tests. We evalu-
ated the concentration at which the antagonistic effect of TAC
on the inhibitory efficacy of EVL against the mitogen-activat-
ed proliferation of PBMCs was observed.

The antagonistic effect of EVL on the inhibitory efficacy of
TAC against mitogen-activated proliferation of PBMCs

Using a method similar to that described above, the concentra-
tion-proliferation curves for EVL and TAC were obtained. Then,
the theoretical curve that was obtained by simply subtracting
the inhibition rates of EVL on the PBMC proliferation from the
TAC curve was defined as the “simulated combination curve”.
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The differences among the proliferation rates of PBMCs treat-
ed with TAC, those treated with the combination, and those
under the simulated combination were evaluated at the TAC
therapeutic concentration range. The effect of EVL on the in-
hibitory efficacy of TAC against mitogen-activated prolifera-
tion of PBMCs was evaluated at the same concentration range.

Conversion from the whole-blood mass concentration to
the protein-free molar concentration

The purpose of the present study was to investigate whether
saturation of FKBP12 results in an antagonistic effect of EVL
and TAC at their therapeutic concentration ranges on the mi-
togen-activated proliferation of PBMCs. Therefore, we con-
verted the concentrations relevant to the therapeutic range
to the corresponding concentrations used in this experiment,
as shown in Table 1. EVL and TAC concentrations relevant to
the therapeutic range are suggested by the whole-blood mass
concentration (ng/mL), while only protein-free drugs show
clinical efficacy in vivo. Therefore, EVL and TAC concentra-
tions were converted from the whole-blood mass concentra-
tion (ng/mL) to the protein-free blood concentration (ng/mL)
in consideration of their clinical distribution in blood; specifi-
cally, 26% of EVL and 1% of TAC exist as protein-free drugs in
blood, as shown in the second row and column of Table 1. In
addition, we converted the protein-free blood concentration
(ng/mL) to the protein-free molar concentration (nmol/mL) to
compare with the experimental results, as shown in the third
row and column of Table 1.

Trough and peak concentrations of EVL and TAC

We defined the whole-blood mass concentrations of EVL at
trough as 3 to 8 ng/mL and at peak as 20 to 30 ng/mL, and
those of TAC at trough as 4 to 7 ng/mL and peak as 20 to
40 ng/mL. These values were defined based on various facility
standards, existing literature, and guidelines in Japan [16-18].

Statistical analysis

Statistical analyses were conducted using JMP® 11 (SAS Institute
Inc, Cary, NC, USA). The differences between PBMC prolifera-
tion rates in the presence of 10 ng/mL EVL and those in the
presence of other concentrations of ECL were analyzed by
Dunnett tests. The Wilcoxon signed-rank test was used to an-
alyze differences in the interaction indices between 2 treat-
ment groups. Differences were considered to be statistically
significant at values of P<0.05.
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Table 1. Relationship between EVL and TAC therapeutic concentration range and the concentration range that antagonistic effect were

observed.
EVL whole-blood ;
e : i mass concentration | 0.04 | 0.38
{ TAC protein- | (ng/ml) ;
wholeblood | A e
mass j1ree blood 1t ey protein-free ‘
concentration! Eon/cer;)tratmni blood concentration{ 0.01 | 0.1
(ng/ml) U (ng/m) P N
: x10 (nmol/ml) 0.01 | 0.1
1 0.01 0.01 §
4 0.04 0.05
7 0.07 0.09
10 0.1 0.12
20 0.2 0.24 : -
40 0.4 0.49
100 1 1.22
1000 10 12.17
10000 100 121.65
Results

Effect of TAC on the inhibitory efficacy of EVL against the
mitogen-activated proliferation of PBMCs

Concentration-proliferation curves for EVL alone or in combi-
nation with TAC against the Con A-activated proliferation of
PBMCs are shown in Figure 1. EVL suppressed the proliferation
rates of activated PBMCs in a concentration-dependent man-
ner in the presence or absence of 0.05 ng/mL TAC (Figure 1A).
On the other hand, when 0.1 ng/mL or more of TAC was com-
bined with 100 to 1000 ng/mL EVL, the proliferation of PBMCs
conversely increased, and thus the antagonistic effect of TAC
was observed at these concentrations (Figure 1B, 1C). These
actual concentration-proliferation curves for EVL in combina-
tion with TAC (Figure 1, solid lines) were quite different from
those of the simulated concentration-proliferation curves for
EVL (Figure 1, dashed lines) when 0.1 ng/mL or more of TAC
was combined (Figure 1B, 1C).

Thus, the data showed that TAC promoted the inhibitory ef-
ficacy of EVL against the mitogen-activated proliferation of
PBMCs at the protein-free blood EVL therapeutic concentra-
tion range (0.8-7.8 ng/mL) [15], whereas higher concentra-
tions (>0.1 ng/mL) of TAC conversely disturbed the inhibito-
ry efficacy of EVL.
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| 384.62 |

3 3.85 8 20 30 38.46 3846.2
0.78 1 2.08 5.2 7.8 10 100 1000
0.81 | 1.04 | 217 | 543 | 814 | 1044 | 104.36 | 1043.60

EVL and TAC therapeutic concentration
range 0.86-8.63x10* nmol/mL

The antagonistic

i effect of EVL

i on the inhibitory

. efficacy of TAC
| against mitogen
SN, activated
| The antagonistic effect of EVL and TAC on the | proliferation of
mitogen activated proliferation of PBMCs PBMCs

31.53x107% nmol/mL

Antagonistic effect of TAC on the inhibitory efficacy of EVL
against the mitogen-activated proliferation of PBMCs

Based on the results shown in Figure 1, we examined more
precisely the concentration-proliferation curves for EVL in
combination with TAC against the Con A-activated prolifera-
tion of PBMCs to determine the concentration at which the
inhibitory effect of TAC against EVL pharmacodynamics was
observed (Figure 2). As mentioned above, TAC in combination
with EVL markedly decreased the mitogen-activated prolifer-
ation of PBMCs, compared with the effect of EVL alone. Of
note, TAC at concentrations over 0.175 ng/mL attenuated the
suppressive effects of EVL in an EVL-concentration-dependent
manner. The mean PBMC proliferation rate in the presence of
0.175 ng/mL TAC combined with 30 ng/mL EVL was signifi-
cantly higher than the mean PBMC proliferation rate in the
presence of 0.175 ng/mL TAC combined with 10 ng/mL EVL
(P<0.05). In addition, significant differences were observed in
all cases when 0.175 ng/mL or more of TAC was combined
with 30 ng/mL or more of EVL (P<0.05).

Thus, when 0.175 ng/mL or more of TAC was combined with
30 ng/mL or more of EVL, the antagonistic effect of TAC on the
inhibitory efficacy of EVL against the mitogen-activated prolif-
eration of PBMCs was observed.
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Figure 1. Concentration-proliferation curves for EVL alone or in combination with TAC against Con A-activated proliferation of PBMCs.
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Figure 2. Actual drug-drug interaction of EVL and TAC against
the proliferation of Con A-activated PBMCs.

Antagonistic effect of EVL on the inhibitory efficacy of TAC
against the mitogen-activated proliferation of PBMCs

We also examined the concentration-proliferation curves for TAC
alone or in combination with EVL against the Con A-activated
proliferation of PBMCs, as shown in Figure 3. TAC suppressed
the PBMC proliferation concentration dependently, and the ad-
dition of EVL to TAC efficiently decreased PBMC proliferation.
These additional effects of EVL were more obvious when high-
er concentrations of EVL were used (Figure 3C-3E). However,
the additional suppressive efficacies of EVL combined with rel-
atively high concentrations of TAC (10-100 ng/mL) were weak-
ened, and the additional efficacy even disappeared when 0.01

and 1 ng/mL of EVL were combined (Figure 3A, 3C). When 0.1
to 1 ng/mL EVL (Figure 3B, 3C) and 0.001 to 1 ng/mL TAC were
combined, the PBMC suppressive effects (Figure 3, solid lines)
were almost equal with those of the simulated combination
curves (Figure 3, dashed lines). Conversely, the antagonistic
effect of EVL was observed when it was combined with 10 to
100 ng/mL TAC. The combination of 10 ng/mL or more of EVL
and 0.1 ng/mL or more of TAC also exhibited antagonistic ef-
fects, and the PBMC proliferation rates increased over those of
the simulated combination curves (Figure 3D, 3E). In addition,
we compared the actual combination and simulated combina-
tion at each TAC and EVL concentration. Significant differences
between the 2 groups were observed when 10 ng/mL of EVL
was combined with 10 ng/mL of TAC (P=0.028) and 100 ng/
mL of EVL was combined with 10 ng/mL of TAC (P=0.043), and
we found that the antagonistic effect of TAC on the inhibito-
ry efficacy of EVL against the mitogen-activated proliferation
of PBMCs was observed at high concentrations.

The interaction indices calculated by the ratio of the “PBMC
proliferation rates in the actual combination effects” to “those
in the simulated combination effects” at the protein-free blood
TAC therapeutic concentration range (0.04-0.4 ng/mL) [6] are
shown in Figure 4. The interaction indices were approximately
1 at 0.04 ng/mL TAC combined with all EVL concentrations ex-
amined. Conversely, the indices were noticeably higher than 1
when 10 ng/mL or more of EVL was combined with 0.4 ng/mL
of TAC. Therefore, the antagonistic effect of EVL on the inhib-
itory efficacy of TAC against the mitogen-activated prolifera-
tion of PBMCs was observed at these concentrations (P<0.05).
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Figure 3. Concentration-proliferation curves for TAC alone or in combination with EVL against Con A-activated proliferation of PBMCs.

Discussion

The ATHENA study [19] and the TRANSFORM study [2] dem-
onstrated that EVL and a reduced dose of TAC in combination
are effective and safe for the achievement of long-term graft
survival and functioning in renal transplantation, while provid-
ing additional benefits of lower rates of viral infections such
as cytomegalovirus and polyomavirus BK and lower rates of
de novo DSA and overall mortality. However, pharmacokinet-
ic and pharmacodynamic information for EVL combined with
TAC is limited, even though this combination therapy seems
promising.

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

In the present study, we found that TAC promoted the inhibitory
efficacy of EVL against the T-cell mitogen-activated proliferation
of PBMCs of healthy participants in vitro. Our present findings
and those of von Rossum et al [14] demonstrated that EVL and
TAC exhibit a pharmacodynamic interaction to promote the in-
hibitory efficacy of each other against the mitogen-activated
proliferation of PBMCs. On the other hand, these drugs antag-
onize when higher concentrations were combined, probably
because of a competitive interaction at their binding protein,
FKBP12. Comparing the simulated combination curve and the
actual combination curve at the protein-free mass concentra-
tion of EVL and TAC at trough (0.03-0.05 and 0.78-1.3 ng/mL,
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Figure 4. The interaction indices of TAC and EVL against Con
A-activated proliferation of PBMCs.

respectively) (Figures 1A, 3C), TAC weakly promoted the inhib-
itory efficacy of EVL against the mitogen-activated prolifera-
tion of PBMCs, and EVL scarcely promoted the inhibitory effi-
cacy of TAC against PBMC proliferation. Similarly, EVL and TAC
strongly promoted the inhibitory efficacy of each other against
the mitogen-activated proliferation of PBMCs at the protein-
free mass concentration of EVL and TAC at peak (0.2-0.4 and
5.2-7.8 ng/mL, respectively) (Figures 1C, 3D), when compared
with their effects at trough concentrations.

We then used the CompusSyn 1.0.1 computer program to
quantitate the synergism and the antagonism of these drug
combinations [20] (http://www.combosyn.com). In addition, we
evaluated the IC,  and the ED,, values of EVL and TAC on the
mitogen-activated proliferation of PBMCs to examine wheth-
er the pharmacodynamic drug-drug interaction was due to
the additive effect or the synergistic effect. We found that the
pharmacodynamic drug-drug interaction between EVL and TAC
was synergistic, but not additive. Both EVL and TAC exhibit
immunosuppressive action through binding to FKBP12, while
the cascades after binding with FKBP12 that show immuno-
suppressive efficacy are different [11,12]. TAC inhibits calci-
neurin and suppress IL-2 production, while EVL blocks mTOR
which results in the suppression of cell cycle progression and
T-cell proliferation [14]. The difference in their action mecha-
nisms through the same binding protein might be an underly-
ing factor creating the complex pharmacodynamic drug—drug
interaction between EVL and TAC.

It was considered that the antagonistic effect was mediated via
the saturation of FKBP12. We precisely investigated the drug
concentration by which the antagonistic effect was observed
using the information shown in Table 1. The whole-blood con-
centration of EVL and TAC at peak are 20 to 30 ng/mL and 20
to 40 ng/mL, respectively, and the protein-free molar concen-
trations of those are 5.43 to 8.14x107 and 0.24 to 0.49x10°3
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nmol/mL, respectively. Thus, the maximum sum of the protein-
free molar concentration of EVL and TAC at peak was 8.63x1073
nmol/mL. When 0.4 ng/mL or more of TAC was combined with
10 ng/mL or more of EVL, the antagonistic effect of EVL on the
inhibitory efficacy of TAC against the mitogen-activated prolif-
eration of PBMCs was observed, and the sum of the protein-
free molar concentration of EVL and TAC at those concentra-
tions, 10.93x107* nmol/mL, was higher than 8.63x10~* nmol/mL.
Moreover, when 30 ng/mL or more of EVL was combined with
0.175 ng/mL or more of TAC, the antagonistic effect of TAC
on the inhibitory efficacy of EVL against the mitogen-activat-
ed proliferation of PBMCs was observed, and the sum of the
protein-free molar concentration of EVL and TAC at those con-
centrations, 31.53x107 nmol/mL, was higher than 8.63x1073
nmol/mL. Accordingly, it can be concluded that the antago-
nistic effect of EVL and TAC will not be observed at the EVL
and TAC therapeutic concentration range in vitro, as shown in
Table 1. When the sum of protein-free molar concentration of
EVL and TAC exceeded 10.93x107 nmol/mL, the antagonistic
effect of EVL on the inhibitory efficacy of TAC against the mi-
togen-activated proliferation of PBMCs was firstly observed.
Then, when the sum of the protein-free molar concentration
of EVL and TAC exceeded 31.53x107 nmol/mL, the antagonis-
tic effect of EVL and TAC on the mitogen-activated prolifera-
tion of PBMCs was subsequently observed. However, the in-
formation for the drug concentrations shown in Table 1 had a
limitation that should be kept in mind. Even though the affin-
ity of TAC for FKBP12 is about twice that of EVL [8], the data
shown in Table 1 were simply evaluated from the number of
the drug-receptor bindings and were not based on the affini-
ty and reactivity of the receptors.

In the present study, we used PBMCs obtained from healthy
participants instead of those obtained from patients with
chronic renal failure. In our previous studies, we investigat-
ed the PBMC sensitivity to cyclosporine A (CYA), steroids, and
TAC between patients with chronic renal failure and that of
healthy participants [21,22]. No significant differences in the
average IC_ values of CYA and TAC against the PBMC prolif-
eration between these groups were observed, while the pa-
tients with chronic renal failure exhibited a significantly low
response to steroids. It is known that the peripheral lympho-
cytes of patients on dialysis exhibit a low response to mito-
gens or other lymphocyte stimulants, as compared with those
of healthy participants. However, PBMC responses to the sup-
pressive efficacy of CNI are suggested to be unchanged, as
was described above.

Since similar studies for EVL have not been conducted, the
difference of PBMC sensitivity to EVL between patients with
chronic renal failure and healthy participants is unclear, and the
PBMC sensitivity to EVL in vivo may differ from that found in
the present study. Furthermore, the data shown in the present

Indexed in: [Science Citation Index Expanded] [Index Medicus/MEDLINE]
[Chemical Abstracts] [Scopus]



ORIGINAL PAPER

study were average values, and we need to pay attention to
individual differences of PBMC sensitivity to drugs. The data
actually obtained in the present study had great individual dif-
ferences, which corresponded with the findings of our previ-
ous studies [21-23]. In addition, the evidence regarding a pos-
sible effect of EVL on TAC bioavailability should be considered
in renal transplant recipients [24-26]. Therefore, further inves-
tigations concerning the pharmacodynamic drug-drug interac-
tion between EVL and TAC in renal transplant recipients would
be valuable for the improvement of the long-term clinical out-
comes of renal transplantation.
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Conclusions

The pharmacological synergistic effects of EVL and TAC com-
bined on the mitogen-activated PBMCs in vitro were evident
at their therapeutic concentration range in renal transplanta-
tion. On the other hand, these drugs antagonized when higher
concentrations were combined. Thus, when the clinical phar-
macokinetic parameters of these drugs are considered, safe
and reliable immunosuppressive therapy with EVL and TAC in
combination could be achieved in renal transplant patients.
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