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Monitoring of Mycophenolic Acid Trough Concentration
in Kidney Transplant under Cyclosporine Is Beneficial
in Reducing Acute Rejection within 1 Year

Jinsoo Rhu, M.D., Kyo Won Lee, M.D., Jae Berm Park, M.D. and Sung Joo Kim, M.D.

Department of Surgery, Samsung Medical Center, Sungkyunkwan University School of Medicine, Seoul, Korea

Background: This study was designed to analyze the clinical usefulness of mycophenolic acid trough concentration monitoring
in kidney transplantation patients who were maintained with cyclosporine.

Methods: The data of patients who underwent mycophenolic acid trough concentration monitoring after their first kidney trans-
plant between November 2006 and August 2013 and were prescribed with cyclosporine, mycophenolate, and methylprednisolone
were reviewed retrospectively. Cox analysis was used to analyze the risk factors for acute rejection within 1 year
post-transplantation.

Results: Among 90 patients, 41 (45.6%) achieved both the target levels of cyclosporine and mycophenolic acid, while three patients
(3.3%) failed to achieve the target level of either cyclosporine or mycophenolic acid. Nine patients (10.0%) only achieved the myco-
phenolic acid target level and 37 patients (41.1%) only achieved the cyclosporine target level. While patients who achieved only
the mycophenolic acid target concentration had no statistically increased risk compared to patients who achieved both target
levels (hazard ratio [HR], 1.569; 95% confidence interval [CI], 0.316 to 7.778; P=0.581), patients who only achieved the cyclosporine
target concentration showed an increased risk of rejection compared to the both achievement group (HR, 4.112; 95% CI, 1.583
to 10.683; P=0.004). Patients who had no achievement in the target levels showed significantly increased rejection risk compared
to the patients who achieved both target levels (HR, 17.811; 95% CI, 3.072 to 103.28; £=0.001).

Conclusions: Mycophenolic acid trough concentration monitoring combined with cyclosporine trough concentration monitoring
is useful for avoiding acute cellular rejection if the first 1 year post-transplantation.
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munosuppressive agent indicated for the prevention of acute

INTRODUCTION

rejection after kidney transplantation (KT)(1). Currently,

Mycophenolate mofetil (MMF) and enteric-coated myco-
phenolate sodium (EC-MPS) is one of the key im-
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multiple agents are used for optimal immunosuppression
with lower toxicities in KT(2). Calcineurin inhibitors (CNIs;
tacrolimus and cyclosporine), mycophenolate (MMF and
EC-MPS), and corticosteroid are considered to be the key
components of the triple immunosuppressive regimen for
maintenance(2).

The wide inter- and intra-patient variability of mycophe-
nolic acid (MPA) was an obstacle in utilizing mycopheno-
late in real practice(3). Although mycophenolate was better

than azathioprine or placebo in combination with cyclo-
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sporine A (CsA) in preventing rejection(4,5), randomized
studies that examined the benefit of therapeutic drug mon-
itoring of MPA showed conflicting results(6).

Nevertheless, there is a consensus that drug monitoring
is required for optimal patient management(7). MPA
AUC.1; (area under the concentration-time curve) is con-
sidered as a gold standard, and is significantly associated
with clinical events(7-10). However, technical impracticality
has been a barrier to its acceptance in clinical practice.
Limited sampling strategy is an option that can be recom-
mended for practitioners instead of MPA AUC)-12(11,12).
However, single concentration such as the trough concen-
tration has been resulted in an inconsistent finding through-
out studies(6,10,13-16).

Although tacrolimus is preferred compared to CsA in
many centers around the world, CsA still has an important
role in KT(17,18). Our center started the therapeutic drug
monitoring strategies on plasma MPA trough concentration
since 2006 along with CsA and tacrolimus. As our center
transplanted more than 2,000 kidneys with 10 years of ex-
perience in MPA trough concentration monitoring, we de-
signed this study to investigate the clinical implication of

monitoring MPA trough concentration in CsA using patients.

MATERIALS AND METHODS

1. Patients

Patients who underwent MPA trough concentration mon-
itoring after their first KT at Samsung Medical Center,
Seoul, Korea, between November 2006 and August 2013
were retrospectively reviewed. Patients considered to be low
risk for acute rejection who received the triple maintenance
regimen of CsA, mycophenolate (either MMF or EC-MPS),
and methylprednisolone were included to the study. By the
definition of low-risk, the patients should not have a history
of previous transplantation, positive results on comple-
ment-dependent cytotoxicity, flow cytometry, donor-specif-
ic antibody with a mean fluorescence intensity above 2,500
and ABO incompatibility with the donor. Exclusion criteria
were patients who were considered to be high risk of acute
rejection and are as follows: patients who underwent de-
sensitization prior to KT; patients who underwent induction

therapy with daclizumab, alemtuzumab, rituximab, or more
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Table 1. Patient demographics, immunosuppressive regimens, and
clinical outcome of low risk kidney transplantation patients who
had triple maintenance regimen of cyclosporine, mycophenolate,
and methylprednisolone

Factor Value
Age (yr) 42.54+11.35
Sex (male/female) 50/40
BMI (kg/m’) 22.59+3.36
RRT
Hemodialysis 58 (64.4)
Peritoneal dialysis 16 (17.8)
No dialysis 16 (17.8)

Time on RRT (day), median (IQR)
Underlying kidney disease

294.5 (1703)

Diabetic nephropathy 16 (17.8)
IgA nephropathy 12 (13.3)
Focal segmental glomerulosclerosis 4 (4.4)
Other glomerulonephritis 14 (15.6)
Polycystic kidney disease 3 (3.3)
Hypertensive nephropathy 14 (15.6)
Others 7 (7.8)
Unknown 20 (22.2)
HLA-A, HLA-B, HLA-DR mismatches (mm)
0 10 (11.1)
1 4 (4.4)
2 18 (20.0)
3 24 (26.7)
4 14 (15.6)
5 17 (18.9)
6 3 (3.3)
HLA mm per patient 301+1.62
Donor age (yr) 42.07+11.45

Donor sex (male/female) 43/47
Donor BMI, median (IQR) 23.60 (4.3)
Donor serum creatinine (umol/L), median (IQR) 76.02 (24.75)
Donor-recipient relationship

Living-related 47 (52.2)

Living-unrelated 26 (28.8)

Cadaveric donor 17 (19.0)
Cause of cadaveric donor death

Cerebrovascular accident 9 (52.9)

Trauma 4 (23.5)

Hypoxic brain damage 3 (17.6)

Other 1 (5.9)
Panel reactive antibody (%)

0 72 (82.8)

1~49 14 (16.1)

>50 1 (1.D
Drug

Mycophenolate mofetil 29 (32.2)

Enteric coated mycophenolate sodium 60 (66.7)

Switching from either drugs 1 (1.1



Table 1. Continued
Factor Value

Induction therapy

Basiliximab 76 (84.4)

ATGAM only up to 3 days 6 (6.7)

None 8 (89)
Biopsy proven rejection

Within 1 month 8/90 (8.9)

1 month to 1 year 17/82 (18.9)

Gastrointestinal complication

Diarrhea 5 (5.6)
Gastritis 9 (10.0)
Cytopenia
Anemia 0
Neutropenia 7 (7.8)
Thrombocytopenia 0
Infection
BK virus 37 (41.1)
Cytomegalo virus 56 (62.2)
Pneumonia 6 (6.7)
Urinary tract injection 13 (14.4)
Influenza 1 (1.1
Invasive fungal infection 0
Pneumocystis jiroveci 0
Tuberculosis 1 (1.1
Others 14 (15.6)
Graft failure 3 (3.3)
Death 1 (1.1)

Data are presented as mean=+SD or number (%) unless otherwise
indicated.

Abbreviations: RRT, renal replacement therapy; IQR, interquartile
range; IgA, immunoglobulin A; HLA, human leukocyte antigen;
BMI, body mass index.

than 3 days of thymoglobulin; previous history of KT; mul-
tiorgan transplantation; ABO incompatible transplantation;
positive for donor-specific antibody; pediatric patients; ces-
sation of main regimen within 1 month after KT; and other
factors related to high risk KT. Patients’ demographic in-
formation, immunosuppressive features, and clinical out-
comes are summarized in Table 1. We included 90 patients,
including 50 males (55.6%) and 40 females (44.4%). The
mean recipient age and donor age were 42.54+11.35 and
42.07£11.45 years, respectively. Human leukocyte antigen
(HLA) was matched in 10 patients (11.1%), and the mean
number of HLA mismatches was 3.01 £1.62. The mean do-
nor serum creatinine level was 76.02 pmol/L (interquartile
range [IQR], 24.75). Forty-seven transplants (52.2%) were

a living-related, while 26 transplants (28.8%) were liv-
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ing-unrelated cases. Seventeen cases (19.0%) were cadaveric
transplantation. During the study period, our center started
to adopt a policy to perform protocol kidney biopsy at 12th
post-KT day. The protocol was to perform ultra-
sonography-guided gun biopsy of the transplanted kidney
unless there is a contraindication to perform biopsy, such

as use of anticoagulant that can risk bleeding.

2. Immunosuppression

Patients received CsA, mycophenolate (either MMF or
EC-MPS), and methylprednisolone as an initial triple im-
munosuppressive regimen. MMF was used in 29 patients
(32.2%), while EC-MPS was used in 60 patients (66.7%).
One patient switched from MMF to EC-MPS. Basiliximab
(n=76, 84.4%) or 3 days of thymoglobulin (n=6, 6.7%)
were used as an induction therapy. The dosage of CsA and
mycophenolate were adjusted to maintain their target
trough concentrations. The target level of CsA trough con-
centrations were 200 to 250 ng/mL during the first week
after transplantation, 150 to 200 ng/mL during 1 week to
1 month post-transplantation and above 100 ng/mL
afterwards. The target MPA trough concentration was 1.5
to 2.5 mg/L during the first 1 year after transplantation
(11,19). Methylprednisolone was tapered if the patient be-
came stabilized.

MPA trough concentration was monitored on a routine
manner along with CsA trough concentration. Both CsA
trough concentration and MPA trough concentration were
monitored by high-performance liquid chromatography
with tandem mass spectrometry. During admission, labo-
ratory test for MPA was performed several times, but not
every day for dose adjustment. When patients visited the
outpatient clinic, MPA trough concentration was measured

along with other laboratory tests.

3. Data collection

Patients’ gender, age at KT, and the calculated body mass
index (BMI) of both donor and recipient, mode and dura-
tion of renal replacement therapy, cause of renal failure,
HLA status, serum creatinine of donor, relationship of the
donor and recipient, cause of death of cadaveric donor, pan-
el reactive antibody status, and CMV status were collected.

Acute cellular rejection was diagnosed based on Banff

JKST 77



J Korean Soc Transplant - December 2018 - Volume 32 - Issue 4

criteria. Acute rejection which was diagnosed borderline was
also included as rejection episode. Data of episodes of gas-
trointestinal complications (diarrhea or gastritis), cytopenia
(anemia, neutropenia, or thrombocytopenia), infections (BK
polyomavirus, cytomegalovirus, pneumonia, urinary tract
infection, influenza, invasive fungal infection, Preumocystis
Jiroveci infection, tuberculosis, and other infections), graft
failures, and deaths were collected. BK polyomavirus in-
fection was defined as detection of the virus in urine sample
while cytomegalovirus infection was defined as positive an-
tigenemia in blood samples with or without symptoms re-

lated to infection.

4, Data analysis

As the target level of CsA trough concentration changes
with time after KT, mean CsA trough concentrations were
calculated separately for within 1 month post-transplantation
and 1 month to 1 year post-transplantation. Patient’s target
CsA trough concentration was categorized as ‘achieved,’ if
both mean concentrations within 1 month post-trans-
plantation and 1 month to 1 year were above 150 ng/mL
and above 100 ng/mL, respectively. Patient’s target MPA
trough concentration was categorized as ‘achieved,” if mean
MPA trough concentration was above 1.5 mg/L during 1
year post-transplantation. Patients were categorized into
four groups based on their achievements in target trough
concentrations; achievements of both CsA and MPA, ach-
ievement of only MPA, achievement of only CsA, and nei-
ther achievement of CsA nor MPA. The mean CsA trough

concentration and MPA trough concentration were calcu-

lated using Excel (Microsoft, Redmond, WA, USA).

Student’s t-test was used to analyze the difference in
mean CsA trough concentration and mean MPA trough con-
centration between patients who achieved only one target
concentration and patients with both achievements. To ana-
lyze the risk factors for biopsy-proven acute rejection
(BPAR), multivariable Cox proportional hazard ratio was
used to analyze factors related to BPAR within 1 year
post-transplantation. BPAR was set as an end point.
Cessation of CsA, cessation of mycophenolate for longer
than 3 months, and cessation of MPA monitoring were cen-
sored in the analysis. For the analysis, continuous variables
were changed to categorical variables by dividing them into
two groups. Recipient age and donor age were divided by
50 years and 40 years of age, respectively. Both recipient
and donor BMI were classified as greater than or less than
25 kg/mz. HLA status was classified as matched or
mismatched. Dialysis duration was divided by 90 days.
Pvalues <0.05 were used to indicate statistical significance.
Statistical analyses were performed with SPSS ver. 18.0
(SPSS Inc., Chicago, IL, USA). This study was approved by
the Institutional Review Board of Samsung Medical Center
and was waived for the need of informed consent since it
was designed as a retrospective study (IRB No. 2016-12-
056).

RESULTS

BPAR occurred in 25 patients (27.8%) within 1 year

post-transplantation. Since our center started protocol kid-

Table 2. Mean trough levels of cyclosporine and mycophenolic acid categorized by treatment period of 1 month and 1 month to 1 year

and target mean trough concentration achievements

Drug levels by periods Total
None (n=3)
CsA trough (ng/mL)
1 month 217.2+48.9 131.2+14.8
1 month to 1 year 172.3+47.7 193.9+67.0
MPA trough (mg/L)
1 month 1.36 (1.89) 0.85 (NA)
1 month to 1 year 2.16%+1.50 1.10£0.86

Data are presented as mean+SD or median (interquartile range).
Abbreviations: CsA, cyclosporine; MPA, mycophenolic acid; NA, not available.
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Target trough concentration achievements

Only CsA (n=37) Only MPA (n=9) Both (n=41)
238.8+40.4 136.7+19.4 2254+374
184.8+48.4 133.3+45.5 169.0+43.7
0.80 (0.88) 2.60 (3.49) 1.89 (1.86)

0.96+0.39 331%£1.83 295%1.35



ney biopsy starting August 2012, only eight patients (8.9%)
underwent protocol kidney biopsy at their second week
post-transplantation. Among these patients, only one patient
(1.1%) was diagnosed BPAR, and two patients (2.2%) were
diagnosed BPAR at their third month post-transplantation.
Diarrhea and gastritis occurred in five patients (5.6%) and
nine patients (10.0%), respectively. Neutropenia occurred in
seven patients (7.8%). The most common infections were
cytomegalovirus (n=56, 62.2%) and BK polyomavirus
(n=37, 41.1%). Although graft failure occurred in three pa-
tients (3.3%), and death occurred in one patient (1.1%), the
three graft failure cases (40, 70, and 53 months after KT)
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and expired case (56 months after KT) occurred after the

period of 1 year post-transplantation.

1. Mean trough concentrations of CsA and MPA

Table 2 shows the mean trough concentrations catego-
rized by target trough concentration achievements. The
mean CsA trough levels were 217.2+489 and 172.3+47.7
ng/mL during the follow up periods of 1 month and 1
month to 1 year post-KT, respectively. Mean 1 month and
1 month to 1 year CsA trough concentrations were
131.2+14.8 and 193.9+67.0 ng/mL in no achievement
group; 238.8+40.4 and 184.8+48.4 ng/mL in CsA only

Table 3. Multivariable Cox regression analysis of risk factors for biopsy-proven acute cellular rejection-free survival

Univariable Multivariable
Variable No.
HR 95% (I Pvalue HR 95% CI Pvalue
Recipient age (yr) 0.063
<50 62
>50 28 0.362 0.124~1.056
Donor age (yr) 0.046 0.013
<40 66
>40 24 2.265 1.014~5.059 3.573 1.307~9.766
Recipient BMI (kg/m?) 0315
<25 72
=25 18 1.565 0.653~3.747
Donor BMI (kg/m’) 0.098
<25 58
=25 32 0.459 0.183~1.153
HLA-A, B, DR status 0.371
0 mismatch 10
1~6 mismatches 80 1.435 0.651~3.161
Dialysis (day) 0.429
<90 26
>90 64 0.719 0.317~1.628
Protocol kidney biopsy 8 1.454 0.435~4.861 0.543
Induction therapy 0.780
3 days thymoglobulin 6
Basiliximab 76 0.813 0.191~3.462
Mycophenolate 0.165
MMF 29
EC-MPS 60 0.562 0.249~1.267
Target level achievements 0.023 0.003
Both achievements 41
Only MPA achievement 9 1.603 0.323~7.943 0.563 1.569 0.316~7.778 0.581
Only CsA achievement 37 3.484 1.350~8.993 0.010 4112 1.583~10.683 0.004
No achievement 3 7.763 1.558 ~38.686 0.012 17.811 3.072~103.28 0.001

Abbreviations: HR, hazard ratio; CI, confidence interval; BMI, body mass index; HLA, human leukocyte antigen, MMF, mycophenolate
mofetil; EC-MPS, enteric-coated mycophenolate sodium; MPA, mycophenolic acid; CsA, cyclosporine.
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achievement group; 136.7+£19.4 and 133.3+45.5 ng/mL in
MPA only achievement group; and 22544374 and
169.0+43.7 ng/mL in both achievements group, respectively.

Median 1 month MPA trough concentration and mean 1
month to 1 year concentration were 1.36 (IQR, 1.89) and
2.16£1.50, respectively. Median 1 month and mean 1
month to 1 year MPA trough concentrations were 0.85 and
1.10+0.86 mg/L in no achievement group; 0.80 (IQR, 0.88)
and 0.96+0.39 mg/L in CsA only achievement group; 2.60
(IQR, 3.49) and 3.31+1.83 mg/L in MPA only achievement
group; and 1.89 (IQR, 1.86) and 2.95+1.35 mg/L in both

achievements group, respectively.

2. BPAR during 1 year post-KT

Multivariable Cox analysis was performed including the
significant factors related to BPAR-free survival in the uni-
variable analyses. (Table 3) Donor age =40 years was sig-
nificantly related to BPAR-free survival (hazard ratio [HR],
2.265; 95% confidence interval [CI], 1.014 to 5.059;
P=0.046) in the univariable analysis. While recipient age =
50 years showed a trend of better BPAR-free survival com-
pared to <50 years, it was statistically insignificant (HR,
0.362; CI, 0.124 to 1.056; P=0.063). CsA target was ach-
ieved in 78 patients (86.7%) while 12 patients (13.3%)
failed to achieve the target concentration. MPA target was
achieved in 50 patients (55.6%) while 40 patients (44.4%)
failed to achieve the target concentration. When patients
were divided into four groups based on their achievements
in mean target trough concentrations, nine patients (10.0%)
achieved only MPA concentration, 37 patients (41.1%) ach-
ieved only CsA concentration, and three patients (3.3%) had
no achievement in both target levels. The four patient
groups showed significant difference in their BPAR-free sur-
vival (P=0.023) according to univariable Cox analysis.

Multivariable Cox analysis including donor age and target
level achievements showed that donor age =40 years (HR,
3.573; CI, 1.307 to 9.766; P=0.013) and target level ach-
ievements (2=0.003) were both significant factors for
BPAR-free survival. While patients who achieved only
MPA target concentration had no statistically increased risk
compared to patients who achieved in both target levels
(HR, 1.569; CI, 0.316 to 7.778; P=0.581), patients who only

achieved CsA target concentration showed increased risk of
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BPAR compared to both achievement group (HR, 4.112; CI,
1.583 to 10.683; P=0.004). Patients who had no achieve-
ment in target levels showed significantly increased BPAR
risk compared to patients who achieved in both target levels
(HR, 17.811; CI, 3.072 to 103.28; P=0.001).

Fig. 1 shows the survival curves of the three patient
groups categorized by their achievements in mean CsA and

MPA trough concentrations.

3. Drug toxicities during 1 year post-KT

Analyses on the toxic effect of mycophenolate, namely
infections, gastrointestinal toxicities and cytopenia were also
performed. Patients were divided into two groups based on
MPA trough concentration of 2.5 mg/L and analyzed with
the risk of any infections, gastrointestinal disturbance and
cytopenia. Kaplan-Meier log rank test showed that there
were no differences between the two groups regarding in-
fection (P=0.546), gastrointestinal disturbance (P=0.055),
and cytopenia (2=0.601).

Target achievements

—— CsAand MPA
---------- Only MPA
—— Only CsA
1.0 . ---- None
0.8 HR, 1.569; 95% CI, 0.316-7.778: P=0.581
>
%
S 061 __.
g ! HR, 4.112; 95% Cl, 1.583-10.683; P=0.004
% 0.4 1 :
a " __HR, 17.811; 95% Cl, 3.072-103.28; P=0.001
024 7 e
P=0.003
T T T T T 1
0 2 4 6 8 10 12

Months

Fig. 1. Biopsy-proven acute rejection-free survival curves of
patients categorized by three groups: Patients who achieved both
target levels of cyclosporine A (CsA) and mycophenolic acid
(MPA) (n=41), patients who only achieved one target level
(n=46), and patients who failed to achieve neither of the target
levels (n=3). The hazard ratios (HRs) of the latter two subgroups
were calculated comparing to the biopsy-proven acute
rejection-free survival of the first subgroup. Abbreviation: CI,
confidence interval.



DISCUSSION

Although previously published studies showed conflicting
results of MPA trough concentration monitoring(20-22),
our center started monitoring MPA trough concentrations
since November 2006 as a routine procedure. Although our
center did not use CsA as the main CNI during the period,
we have accumulated a reasonable amount of data on MPA
trough monitoring in CsA using patients. We previously
published our study on the clinical usefulness of monitoring
MPA trough concentration in tacrolimus users(23).
However, CsA is still used in many patients especially when
tacrolimus cannot be tolerated or patients’ preference re-
garding the side effects. That is why we decided to perform
this study for seeking the clinical implication of MPA
monitoring. Our study focused on acute cellular rejection
within 1 year post-transplantation and analyzed the clinical
implication of mean MPA trough concentration along with
mean CsA trough concentration and other factors. While
previous retrospective studies on MPA trough concentration
were analyzed without controlling the confounding factors,
we tried to adjust the effect of other potential co-variables.

Target achievement in mean CsA trough concentration
was defined as mean CSA trough concentration above 150
ng/mL during the first month post-transplantation and
above 100 ng/mL during 1 month to 1 year post-trans-
plantation, respectively. On the other hand, achievement in
MPA trough concentration was determined when a patient
had mean MPA trough concentration above 1.5 mg/L
throughout the period of 1 year post-transplantation.
Patients were categorized into four groups based on the ach-
ievements in target concentration of CsA and MPA. The re-
sult shows that patients who achieved both CsA and MPA
target concentration had the lowest risk of BPAR while, the
risk increased with unachieved target concentrations. Based
on the different calculated risk of MPA only achieved pa-
tients and CsA only achieved patients, it is assumable that
the achievement of MPA trough concentration was more in-
fluential compared to CsA achievement. However, the fact
that only 12 patients failed to achieve CsA target level while
40 patients failed to achieve MPA target should be noticed.
Most of the patients reached their target level of CsA

trough concentration and this makes it difficult to reveal
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the true importance of CsA on BPAR.

Multivariable analysis of risk factors for BPAR-free sur-
vival showed that patients’ risk for BPAR increases as they
failed to achieve the target trough concentration (Table 3,
Fig. 1). Mycophenolate (2=0.165), whether MMF or
EC-MPS was used, was not a significant factor for
BPAR-free survival. Whether the patient underwent proto-
col kidney biopsy was also not a significant factor
(P=0.543).

In our center, we monitor the patients with their MPA
trough concentration and use it as a parameter of dose
adjustment. However, due to the intra-patient variability of
MPA trough concentration, we do not change the dosage
of mycophenolate as abundantly as CNIs. Usually, EC-MPS
of 540 mg twice a day and MMF of 750 mg twice a day
is prescribed initially with some adjustment according to
their bodyweight. Mycophenolate dosage is adjusted only
when there is a consecutive laboratory results with under-
or over-dosage.

The limitation of this study comes from the inborn nature
of a retrospective observational study. The selection of 90
patients out of more than 2,000 kidney-transplanted patients
possesses a possibility of selection biases. Structured as a sin-
gle institutional study with a homogenous ethnicity, this
study should be cautiously interpreted, especially for KT pa-
tients with different ethnicity. Although this study was or-
ganized as a multivariable study, the factors significantly re-
lated to BPAR-free survival in the univariable analysis were
only donor age, CsA and MPA. Other factors showed insig-
nificant relationship with BPAR in the univariable analysis.
This might be due to the low number of study subject.
Because the target concentration becomes lower as follow
up duration gets longer, finding a universal cut-off point
of mean trough concentration was impossible. That is why
this study focused on the first year after transplantation,
when acute cellular rejection occurs predominantly, requir-
ing precaution in patient management.

Another limitation that should be mentioned is that, this
study defined target achievement of MPA as mean MPA
trough concentration above 1.5 mg/L without any upper
limit. This was because that the main goal was to analyze
the relationship of mean MPA trough concentration and

BPAR, which risk increases as the level gets lower.
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Therefore, we did not consider that above the appropriate
therapeutic range does not have any impact on BPAR com-
pared to the true target range. However, the fact that levels
above 2.5 mg/L of MPA trough concentration were all con-
sidered to be achieving the target should be mentioned.
Although tacrolimus is preferred as a maintenance im-
munosuppressant in many transplantation centers around the
world, CsA is still an important CNI, which can be used in
patients who experience drug toxicities of tacrolimus. In pa-
tients with a CsA regimen, mycophenolate should be moni-
tored because pharmacokinetic property can be influenced
by CsA, resulting in different drug exposure with a same
dosage compared to tacrolimus. Our study showed the im-
portance of achieving a mean target concentration of both
CsA and MPA during the first year after KT to reduce the
risk of BPAR. Although the result of our study should be
interpreted with caution to avoid the influence of potential
selection biases mentioned above, we carefully suggest that
MPA trough concentration monitoring can be safely utilized
in the clinical setting of the management of KT patient on

a CsA regimen.

CONCLUSION

In patients who are under triple maintenance im-
munosuppressive regimen of CsA, mycophenolate, and cor-
ticosteroids after their first KT, risk of BPAR within 1 year
post-transplantation can be significantly reduced when the
therapeutic target of both mean CsSA trough concentration

and mean MPA trough concentration are achieved.
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