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ABSTRACT

Background: Little is known regarding the safe fixed dose of mycophenolic acid (MPA) for 
preventing biopsy-proven acute rejection (BPAR) in kidney transplant recipients (KTRs). 
We investigated the correlation of MPA trough concentration (MPA C0) and dose with renal 
transplant outcomes and adverse events.
Methods: This study included 79 consecutive KTRs who received MPA with tacrolimus 
(TAC) and corticosteroids. The MPA C0 of all the enrolled KTRs was measured, which was 
determined monthly by using particle-enhanced turbidimetric inhibition immunoassay for 12 
months, and clinical data were collected at each time point. The clinical endpoints included 
BPAR, any cytopenia, and BK or cytomegalovirus infections.
Results: No differences in MPA C0 and dose were observed between KTRs with or without 
BPAR or viral infections under statistically comparable TAC concentrations. MPA C0 was 
significantly higher in patients with leukopenia (P = 0.021) and anemia (P = 0.002) compared 
with those without cytopenia. The MPA dose was significantly higher in patients with 
thrombocytopenia (P = 0.002) compared with those without thrombocytopenia. MPA C0 ≥ 3.5 
µg/mL was an independent risk factor for leukopenia (adjusted odds ratio [AOR], 3.80; 95% 
confidence interval [CI], 1.24–11.64; P = 0.019) and anemia (AOR, 5.90; 95% CI, 1.27–27.51; 
P = 0.024). An MPA dose greater than the mean value of 1,188.8 mg/day was an independent 
risk factor for thrombocytopenia (AOR, 3.83; 95% CI, 1.15–12.78; P = 0.029). However, an 
MPA dose less than the mean value of 1,137.3 mg/day did not increase the risk of BPAR.
Conclusion: Either a higher MPA C0 or dose is associated with an increased risk of cytopenia, 
but neither a lower MPA C0 nor dose is associated with BPAR within the first year of 
transplantation. Hence, a reduced MPA dose with TAC and corticosteroids might be safe in 
terms of reducing hematologic abnormalities without causing rejection.
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INTRODUCTION

Mycophenolic acid (MPA) is a widely used first-line immunosuppressant for preventing 
acute rejection after kidney transplantation (KT). MPA is a non-competitive, reversible 
inhibitor of inosine monophosphate dehydrogenase, resulting in the inhibition of guanine 
nucleotide biosynthesis. Consequently, it blocks T- and B-lymphocyte proliferation.1 MPA 
is highly protein bound, metabolized in the liver, and primarily eliminated by the kidneys. 
The MPA blood concentration can be affected by several factors and leads to wide inter- and 
intra-individual variability.2 For a fixed MPA dose of 1g twice daily, MPA exposure can vary by 
approximately 10-fold.3 Therefore, therapeutic drug monitoring (TDM) for MPA has received 
attention in the transplant area.

Previous studies have shown the significant association between MPA TDM and clinical 
outcomes using the MPA area under the curve (AUC) or pre-dose MPA trough concentration 
(MPA C0) in kidney transplant recipients (KTRs). Van Gelder et al.4 demonstrated that 
MPA AUC is related to the incidence of biopsy-proven rejection and the therapeutic AUC 
range of MPA is from 30 to 60 mg h/L after KT. Le Meur et al.5 reported that therapeutic 
MPA monitoring using a limited sampling strategy can reduce the risk of treatment failure 
and acute rejection in KTRs. Although MPA C0 was not correctly correlated with MPA AUC, 
several studies have shown an association between MPA C0 and rejection and toxicity, and 
an MPA C0 between 1.0 and 3.5 μg/mL was suggested as an optimal therapeutic target.6-9 
However, some studies comparing a fixed dose of MPA and a controlled dose of MPA failed 
to demonstrate the efficacy of the latter.10,11 The Transplantation Society consensus meeting 
recommended TDM for MPA in high-risk KTRs, patients with delayed graft function, patients 
excluding induction therapy, corticosteroids, or calcineurin inhibitor (CNI), or patients with 
CNI minimization. However, there has been no definite consensus on MPA TDM and MPA 
TDM is currently used in a few transplant centers. Furthermore, little is known regarding the 
safe fixed dose of MPA for preventing biopsy-proven acute rejection (BPAR) in KTRs.

Our transplant center measured MPA C0 on a routine basis through particle-enhanced 
turbidimetric inhibition immunoassay (PETINIA), the efficacy of which was previously 
proven through a comparative study with liquid chromatography combined with mass 
spectrometry.12 This study aimed to investigate the correlation of MPA C0 and MPA dose with 
adverse events and transplant outcomes after KT.

METHODS

Patients and immunosuppression
This study included 79 consecutive patients who underwent KT at Kyungpook National 
University Hospital. All KTRs received MPA, tacrolimus (TAC), and corticosteroids 
as immunosuppressant therapy. Mycophenolate mofetil (MMF) or enteric-coated 
mycophenolate sodium (EC-MPS) were administered. MPA was initially given at a fixed 
dose of 750 mg of MMF or 540 mg of EC-MPS every 12 hours. The MPA dosage was adjusted 
based on the physician's decision according to the immunologic risk of each patient. TAC 
was initially given at a dose of 0.05 mg/kg every 12 hours. The TAC dosage was adjusted 
based on the physician's decision according to the TAC C0 results to maintain the target 
TAC C0 ranging from 5–10 ng/mL.13 A dose of 500 mg of intravenous methylprednisolone 
was given during surgery and tapered to 5 mg/day of oral prednisolone after 3 months. 
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Information regarding the dose of the administered immunosuppressive agent and TDM 
of MMF, EC-MPS, and TAC was collected. This study only evaluated the trough levels and 
immunosuppressant dose before adverse events occurred.

Assays for TDM of MPA and TAC
The MPA C0 of all KTRs was monitored weekly within the first month post-transplant and 
monthly thereafter for up to 12 months. MPA C0 was measured using PETINIA (Siemens 
Healthcare Diagnostics Inc., Malvern, PA, USA), and the blood chemistry results of each 
patient were collected during sampling. TAC trough levels were obtained from peripheral 
blood samples taken 12 hours after the administration of the last TAC dose. TAC C0 was 
measured using the Architect TAC assay (Abbott Diagnostics, Lake Forest, IL, USA). The 
coefficient of variation (CV, %) was defined as the standard deviation/mean trough level of 
the immunosuppressant × 100 to determine within-patient variability in immunosuppressant 
trough levels.14

Clinical endpoints
The clinical endpoints include BPAR, leukopenia defined as total white cell count below 4.0 
× 103/μL, anemia defined as hemoglobin count below 10 g/dL, thrombocytopenia defined as 
platelet count below 150.0 × 103/μL, viral infection consisting of BK virus infection defined as 
an occurrence of BK viremia (≥ 104 copies/mL) or BK viruria (≥ 107 copies/mL), or diagnosed 
biopsy-proven BK virus nephropathy and cytomegalovirus (CMV) infection defined as a 
presence of significant CMV polymerase chain reaction or diagnosed CMV disease, which 
remain major obstacles in long-term renal allograft survival.15

Statistical analysis
Continuous variables were expressed as means ± standard deviation for normally distributed 
data and as a median with a range when the values were not normally distributed. The 
differences between the groups were tested through an independent sample t-test or χ2 test, 
as appropriate. To analyze the association between MPA C0, dose, and the clinical endpoints, 
an EC-MPS of 180 mg was converted to an MMF of 250 mg. The association between the 
mean value of MPA C0 and dose which were obtained prior to adverse events and clinical 
endpoints was analyzed. Correlations between the MPA dose and MPA C0 were analyzed with 
Pearson's correlation. To determine the effect of MPA C0 and dose on the clinical endpoints, 
multivariate logistic regression analysis was used by adjusting for clinical variables, such as 
age, gender, body mass index (BMI), TAC C0, the CV of TAC, baseline white blood cell (WBC) 
count, hemoglobin, platelets, estimated glomerular filtration rate (eGFR), and albumin. 
Statistical analysis was performed using the SAS system for Windows, version 9.2 (SAS 
Institute Inc., Cary, NC, USA). P values of < 0.05 were considered statistically significant.

Ethics statement
The study protocol was reviewed and approved by the Institutional Review Board of Kyungpook 
National University Hospital (No. 2018-10-023). All clinical investigations were conducted in 
accordance with the guidelines of the 2008 Declaration of Helsinki. The informed consent was 
waived because the study was conducted by retrospective review of medical records. All patient 
information were anonymized and they were de-identified before analyses.
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RESULTS

Baseline characteristics
Table 1 shows the baseline characteristics of the included KTRs. The mean age of the KTRs 
was 46.4 years, and 58.2% were men. Glomerulonephritis was the most common cause of 
primary kidney disease. Ten (12.7%) and five (6.3%) patients underwent ABO-incompatible 
and crossmatch-positive KT, respectively. A total of 97.5% of patients received interleukin-2 
receptor blocker as an induction therapy. A total of 60.8% and 39.2% of patients used MMF 
and EC-MPS, respectively.

Immunosuppressant dose and exposure
MPA C0 was significantly correlated with daily MMF dose (R2 = 0.083, P < 0.001) and daily 
EC-MPS dose (R2 = 0.020, P = 0.008) (Fig. 1). MPA C0 was correlated with TAC C0 (R2 = 0.017, 
P < 0.001) (Fig. 2).

Immunosuppressive agent dosage and trough concentration level according 
to adverse events
No significant differences were observed in TAC C0 and CV between KTRs with and without 
adverse events (Table 2). MPA C0 was significantly higher in patients with leukopenia (3.4 
± 1.1 µg/mL vs. 2.8 ± 1.3 µg/mL, P = 0.021) and anemia (3.9 ± 0.9 µg/mL vs. 2.9 ± 1.2 µg/mL, 
P = 0.002) compared with patients without adverse events. The MPA dose was significantly 
higher in patients with thrombocytopenia (1,316.9 ± 244.7 mg/day vs. 1,118.5 ± 306.5 mg/
day; P = 0.002) compared with those without thrombocytopenia (Table 2). However, no 
significant differences in MPA C0 and MPA dose were observed in patients with BPAR or viral 
infection compared with those without BPAR or viral infection.
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Table 1. Baseline characteristics of enrolled kidney transplant recipients
Characteristics Findings (n = 79)
Age, yr 46.4 ± 11.7
Gender, men 46 (58.2)
BMI, kg/m2 22.3 ± 3.4
Primary kidney disease

Diabetes mellitus 26 (32.9)
Hypertensive nephrosclerosis 5 (6.3)
Glomerulonephritis 43 (54.4)
Others 5 (6.3)

Type of donor
Living, related 35 (44.3)
Living, unrelated 15 (19.0)
Deceased 29 (36.7)

ABO-incompatible KT 10 (12.7)
Crossmatch-positive KT 5 (6.3)
HLA mismatch

Total 2.7 ± 1.6
DR 0.9 ± 0.7

Panel-reactive antibody > 15% 26 (32.9)
Induction therapy

Interleukin-2 receptor blocker 77 (97.5)
Antithymocyte globulin 2 (2.5)

Type of MPA
MMF 48 (60.8)
EC-MPS 31 (39.2)

Values are shown as mean ± standard deviation or number (%).
BMI = body mass index, EC-MPS = enteric-coated mycophenolate sodium, HLA = human leukocyte antigen, KT = 
kidney transplantation, MMF = mycophenolate mofetil, MPA = mycophenolic acid.

https://jkms.org


Table 3 demonstrates the number and time of adverse events according to MPA levels of < 3.5 vs. 
≥ 3.5 µg/mL. Leukopenia (63.6% vs. 39.1%, P = 0.041) and anemia (33.3% vs. 6.1%, P = 0.003) 
occurred more frequently in patients with MPA levels of ≥ 3.5 µg/mL compared with those with 
MPA levels of < 3.5 µg/mL. BPAR, leukopenia, anemia, thrombocytopenia, and viral infection 
occurred on average 5.8, 5.8, 5.4, 5.0, and 6.0 months after KT, respectively.

Multivariate logistic regression analysis revealed that MPA C0 ≥ 3.5 µg/mL was an independent 
risk factor for leukopenia (adjusted odds ratio [AOR], 3.80; 95% confidence interval [CI], 
1.24–11.64; P = 0.019) and anemia (AOR, 5.90; 95% CI, 1.27–27.51; P = 0.024) (Table 4). An 
MPA dose greater than the mean value of 1,188.8 mg/day was an independent risk factor for 
thrombocytopenia (AOR, 3.83; 95% CI, 1.15–12.78; P = 0.029). However, MPA C0 < 3.5 µg/mL, 
MPA dose < 1,137.3 mg/day, and MPA CV ≥ 45.3% were not independently associated with BPAR.
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Fig. 1. Correlations between MPA C0 and MPA dose. MPA C0 was correlated with (A) daily MMF dose (R2 = 0.083, β = 0.002, P < 0.001) and (B) EC-daily MPS dose 
(R2 = 0.020, β = 0.001, P = 0.008). 
MPA = mycophenolic acid, C0 = trough concentration, MMF = mycophenolate mofetil, EC-MPS = enteric-coated mycophenolate sodium.
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Table 2. Immunosuppressive agent dosage and trough concentration level according to adverse events
Clinical events No. MPA C0,  

µg/mL
P value MPA dose,  

mg/day
P value MPA CV,  

%
P value TAC C0,  

ng/mL
P value TAC CVa,  

%
P value

BPAR 0.931 0.872 0.585 0.095 0.387
Event 5 3.0 ± 1.4 1,077.8 ± 427.8 34.5 ± 22.2 6.5 ± 2.0 31.1 ± 17.6
No event 74 2.9 ± 1.1 1,141.3 ± 300.0 46.0 ± 18.9 5.7 ± 1.1 31.9 ± 15.6

Leukopenia 0.021 0.311 0.486 0.359 0.092
Event 39 3.4 ± 1.1 1,211.9 ± 345.9 44.7 ± 24.9 5.8 ± 1.7 29.5 ± 18.1
No event 40 2.8 ± 1.3 1,173.0 ± 262.5 45.2 ± 17.2 5.7 ± 1.0 32.3 ± 13.8

Anemia 0.002 0.143 0.037 0.078 0.543
Event 13 3.9 ± 0.9 1,277.5 ± 284.1 34.2 ± 14.5 5.0 ± 1.4 31.2 ± 13.9
No event 66 2.9 ± 1.2 1,155.1 ± 304.6 46.8 ± 16.3 5.8 ± 1.0 30.6 ± 15.8

Thrombocytopenia 0.193 0.002 0.219 0.093 0.601
Event 28 3.2 ± 0.9 1,316.9 ± 244.7 41.6 ± 18.6 6.1 ± 1.5 28.9 ± 17.4
No event 51 3.0 ± 1.3 1,118.5 ± 306.5 45.8 ± 18.2 5.6 ± 1.1 30.5 ± 15.9

Viral infection 0.250 0.243 0.606 0.578 0.771
Event 13 3.3 ± 1.3 1,100.3 ± 393.4 44.0 ± 30.2 6.0 ± 2.6 31.1 ± 17.6
No event 66 3.0 ± 1.2 1,195.4 ± 263.0 43.9 ± 16.3 5.8 ± 1.0 30.2 ± 12.9

Values are shown as mean ± standard deviation.
BPAR = biopsy-proven acute rejection, C0 = trough concentration, CV = coefficient of variation, MPA = mycophenolic acid, TAC = tacrolimus.
aCV = standard deviation/mean × 100.

Table 3. Number and time of adverse events according to MPA levels of < 3.5 vs. ≥ 3.5 µg/mL
No. of events Time of events, mon < 3.5 µg/mL ≥ 3.5 µg/mL P value
Biopsy-proven acute rejection 5.8 ± 3.2 3/52 (5.8) 2/27 (7.4) 1.000
Leukopenia 5.8 ± 2.7 18/46 (39.1) 21/33 (63.6) 0.041
Anemia 5.4 ± 3.1 3/49 (6.1) 10/30 (33.3) 0.003
Thrombocytopenia 5.0 ± 2.2 14/49 (28.6) 14/30 (46.7) 0.146
Viral infection 6.0 ± 2.9 5/49 (10.2) 8/30 (26.7) 0.068
Values are shown as mean ± standard deviation or number (%).
MPA = mycophenolic acid.

Table 4. Univariate and multivariate logistic regression analysis for clinical endpoints
Clinical events Univariate Multivariate

OR (95% CI) P value OR (95% CI) P value
BPAR

MPA C0 ≥ 3.5 vs. < 3.5 µg/mL 1.31 (0.21–8.34) 0.777 0.76 (0.07–8.57) 0.822
MPA dose ≥ mean vs. < mean (1,137.3 mg/day) 0.54 (0.09–3.40) 0.509 0.63 (0.06–6.75) 0.702
MPA CVa < mean vs. ≥ mean (45.3%) 0.97 (0.15–6.14) 0.971 0.47 (0.04–5.29) 0.538

Leukopenia
MPA C0 ≥ 3.5 vs. < 3.5 µg/mL 2.72 (1.08–6.86) 0.034 3.80 (1.24–11.64) 0.019
MPA dose ≥ mean vs. < mean (1,192.2 mg/day) 1.44 (0.59–3.50) 0.424 1.26 (0.45–3.51) 0.660
MPA CVa < mean vs. ≥ mean (45.0%) 1.46 (0.59–3.61) 0.411 1.02 (0.33–3.09) 0.977

Anemia
MPA C0 ≥ 3.5 vs. < 3.5 µg/mL 7.67 (1.90–30.87) 0.004 5.90 (1.27–27.51) 0.024
MPA dose ≥ mean vs. < mean (1,175.2 mg/day) 1.99 (0.56–7.12) 0.288 2.04 (0.48–8.76) 0.336
MPA CVa < mean vs. ≥ mean (45.2%) 3.81 (0.78–18.56) 0.098 3.95 (0.55–28.52) 0.173

Thrombocytopenia
MPA C0 ≥ 3.5 vs. < 3.5 µg/mL 2.19 (0.85–5.64) 0.106 1.98 (0.63–6.26) 0.246
MPA dose ≥ mean vs. < mean (1,188.8 mg/day) 3.12 (1.13–8.62) 0.028 3.83 (1.15–12.78) 0.029
MPA CVa < mean vs. ≥ mean (44.3%) 1.37 (0.53–3.54) 0.521 0.48 (0.13–1.72) 0.256

Viral infection
MPA C0 ≥ 3.5 vs. < 3.5 µg/mL 3.20 (0.94–10.94) 0.064 4.05 (0.96–17.06) 0.057
MPA dose ≥ mean vs. < mean (1,179.7 mg/day) 0.33 (0.09–1.17) 0.086 0.25 (0.06–1.03) 0.054
MPA CVa < mean vs. ≥ mean (43.9%) 0.81 (0.24–2.67) 0.726 0.77 (0.21–2.89) 0.699

Adjusted variables for multivariate analysis: BPAR: age, gender, BMI, number of total HLA mismatches, use of ATG, tacrolimus C0, tacrolimus CV, baseline eGFR, 
and albumin; leukopenia: age, gender, BMI, number of total HLA mismatches, use of ATG, baseline white blood cell count, eGFR, and albumin; anemia: age, 
gender, BMI, number of total HLA mismatches, use of ATG, baseline hemoglobin, eGFR, and albumin; thrombocytopenia: age, gender, BMI, number of total HLA 
mismatches, use of ATG, baseline platelets, eGFR, and albumin; viral infection: age, gender, use of ATG, tacrolimus C0, tacrolimus CV.
BMI = body mass index, BPAR = biopsy-proven acute rejection, C0 = trough concentration, CI = confidence interval, CV = coefficient of variation, eGFR = estimated 
glomerular filtration rate, MPA = mycophenolic acid, OR = odds ratio, ATG = antithymocyte globulin, HLA = human leukocyte antigen.
aCV = standard deviation/mean × 100.
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Women with MPA C0 ≥ 3.5 µg/mL showed significantly higher risks of leukopenia (AOR, 
7.21; 95% CI, 1.31–39.65; P = 0.023) and anemia (AOR, 8.00; 95% CI, 1.24–51.46; P = 0.028) 
compared with those with MPA C0 < 3.5 µg/mL. However, men did not have higher risks of 
leukopenia and anemia depending on MPA C0 (Table 5).

DISCUSSION

Our results demonstrate that either a higher MPA C0 or MPA dose is independently associated 
with an increased risk of leukopenia, anemia, and thrombocytopenia within the first year 
of transplantation. However, neither a lower MPA C0 nor doses were associated with BPAR 
under statistically comparable TAC concentrations in KTRs receiving induction therapy, 
TAC, and corticosteroids. Considering that a positive correlation between MPA dose and 
MPA C0 was observed, the individualized adjustment of the MPA dose based on MPA C0 might 
optimize transplant outcomes by achieving a safe fixed dose of MPA in individual KTRs.

Little is known regarding the optimal safe dose of MPA in KTRs with TAC-based 
immunosuppression therapy. A previous study has reported that TAC-treated KTRs 
receiving an initial MPA dose of < 2,000 mg/day did not have an increased risk of BPAR or 
renal allograft loss.16 However, considering that the mean dose of MPA in Korean KTRs is 
1,000–1,500 mg/day,17 the lower safe threshold for MPA dose is required. A notable finding of 
this study is that an MPA dose of less than approximately 1,100 mg daily was not associated 
with the increased risk of BPAR in TAC and corticosteroid-treated KTRs within 1 year post-
transplant. Furthermore, a MPA dose greater than approximately 1,100 mg daily or MPA C0 
greater than 3.5 ng/L was associated with cytopenia. This result suggests that there might be 
no need to insist on a fixed MPA dose of 1,500 mg daily to prevent BPAR in KTRs receiving 
TAC and corticosteroids with normal BMI even during the initial period after KT.

There have been a few studies regarding MPA C0 and cytopenia, viral infection, and BPAR in 
KTRs.9,18 Contrary to the results of previous studies, MPA C0 was not associated with BPAR 
in our study. A possible explanation for this may be that the mean MPA C0 of KTRs without 
BPAR in the current study was 2.9 mg/L, which was considerably higher than the rejection-
free MPA C0 cutoff level of 1.6–1.7 µg/L suggested by previous MPA C0-based studies.9,18 
We found that the target TDM of MPA was achieved with a reduced dose of MPA and the 
incidence of BPAR was considerably low, even for KTRs given low-dose MPA. Although 
MPA C0 was significantly correlated with both daily MMF dose and EC-daily MPS dose, the 
correlation between MPA C0 and dose might be stronger in MMF than in EC-MPS. This 
subtle difference according to the type of MPA might be explained by the main differences 
in pharmacokinetics profile between MMF and EC-MPS. Because EC-MPS is absorbed more 
slowly than MMF, the time to peak concentration is more variable19,20 and this might result 
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Table 5. Multivariate logistic regression analysis for gender interaction in the association between MPA C0 and 
leukopenia and anemia
Clinical events Variable Gender OR (95% CI) P value
Leukopenia MPA C0 ≥ 3.5 µg/mL Men 1.50 (0.38–5.92) 0.562

Women 7.21 (1.31–39.65) 0.023
Anemia MPA C0 ≥ 3.5 µg/mL Men 4.00 (0.34–47.65) 0.273

Women 8.00 (1.24–51.46) 0.028
Adjusted variables for multivariate analysis: leukopenia: BMI and baseline white blood cell count; anemia: BMI 
and baseline hemoglobin.
BMI = body mass index, C0 = trough concentration, CI = confidence interval, MPA = mycophenolic acid, OR = odds ratio.

https://jkms.org


in significant but weak correlation between EC-MPS dosage and MPA C0. In this study, MPA 
C0 was also correlated with TAC C0. This means that patients were prescribed similar levels of 
immunosuppressive strength regardless of the type of immunosuppressive agents.

Decreased kidney function and hypoalbuminemia are associated with increased MPA 
levels.9,21,22 The result of this study has clinical significance in that MPA dose or MPA C0 
was independently correlated with hematologic toxicity even after adjusting considerable 
variables, including renal function and albumin levels. In this study, only women had higher 
risks of leukopenia and anemia depending on MPA C0. Considering gender differences in 
pharmacokinetics and pharmacodynamics,23 differential therapeutic goals for MPA should be 
established according to gender to minimize adverse events. Even if hematologic side effects 
respond well and are completely reversible after dose reduction, considering the detrimental 
effect of anemia on poor patient and renal allograft outcomes,24 the regular monitoring of 
MPA exposure and preemptive adjustment of MPA could be crucial for clinicians to improve 
hard transplant outcomes.

This study has some limitations. First, the study design was retrospective and included 
a relatively small number of patients. Second, even though previous studies including 
African Americans and Caucasians have reported that no significant differences in MPA 
pharmacokinetics were observed according to ethnicity,25,26 it is difficult to generalize these 
findings to other ethnicities as this is a study of an Asian population. Third, although there 
was a significant correlation between MPA C0 and dose, considering the high intra-individual 
variability of MPA C0,9 dosage adjustment to achieve the target MPA C0 might require caution.

Nevertheless, the current study has several strengths. First, we suggested an optimal and 
safe dose of MPA for Korean KTRs. Second, considering the significant correlation between 
MPA dose and MPA C0, the MPA C0-guided MPA dose individualization could optimize 
proper immunosuppression in KTRs. Third, because this study included relatively low- and 
moderate-risk KTRs and monitoring MPA C0 is much more practical than the AUC-based 
approach, which is cumbersome and time-consuming, the current study provided evidence of 
TDM MPA C0, which could be easily applied to the low- and moderate-risk KT population as 
well as high-risk patients in routine practice.

In conclusion, an MPA dose of less than approximately 1,100 mg daily or MPA C0 below 
approximately 3.5 µg/L reduces the risk of hematologic side effects in KTRs without causing 
BPAR within the first year of transplantation. In the early posttransplant period, MPA dose 
individualization using MPA C0 might be feasible and could have clinical significance for 
achieving a safe fixed dose of MPA in individual KTRs.
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