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Abstract
Purpose To evaluate the relationship between total and free MPA pharmacokinetic (PK) parameters and renal outcome markers,
and to verify whether conducting therapeutic drug monitoring (TDM) in lupus nephritis (LN) patients would be of value in
routine clinical practice.
Methods Eighty-four samples were collected from sixteen LN patients. Total and free MPA concentrations were measured at
predose, 0.5 and 2 h after mycophenolate mofetil (MMF) intake. Area under the concentration time curve from 0 to 2 h (AUC0–2)
and free fraction were calculated.
Results High between-patient variability was observed (CV% of 53.5% for dose-normalized total MPA AUC0–2). A significant
but weak correlation between dose-normalized total C0 and AUC0–2 was noted (r = 0.5699). Dose-normalized total C0 above
2.76 μg/mL·g may indicate patients with eGFR < 81 mL/min with sensitivity of 83.3% and specificity of 75.0%.
Hypoalbuminemic LN patients demonstrated significantly elevated MPA free fraction when compared with patients with serum
albumin concentration ≥ 3.5 g/dL (1.49 ± 0.64% vs 1.08 ± 0.75%).
Conclusion This study examined relationship between free and total pharmacokinetic MPA parameters as well as the effect of
hypoalbuminemia on MPA plasma protein binding in adult LN patients. The study results suggest that TDM of MPA in LN
seems to be a more reasonable approach than the fixed-dose protocol. Moreover, predose total MPA concentration may be a
possible estimation of MPA exposure, while monitoring free rather than total MPA may be more beneficial in hypoalbuminemic
patients.
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Introduction

Mycophenolate mofetil (MMF), a prodrug of an immunosup-
pressive agent mycophenolic acid (MPA), is recommended by
the Joint European League Against Rheumatism (EULAR)
and European Renal Association-European Dialysis and
Transplant Association (ERA-EDTA) for the management of
class III and IV lupus nephritis (LN) in induction as well as the
maintenance therapy [1]. MPA pharmacokinetics is character-
ized by the considerable inter- and intrapatient variability thus
fixed dose approach in the LN population may not be benefi-
cial for the renal outcome improvement in every patient [2].
Monitoring of MPA plasma concentrations in transplant pa-
tients resulted in the reduction of the acute graft rejection
episodes occurrence [3, 4]. To date, there are no recommen-
dations regarding therapeutic drug monitoring (TDM) in LN
[1, 5] although it was demonstrated that MPA exposure cor-
relates with the treatment outcome [6, 7]. This suggests that
dose adjustment to the MPA target concentrations range in the
LN patients may be more beneficial than standard fixed dos-
ing protocol. However, it still needs to be evaluated as limited
number of studies have been published so far [5].

Free MPA concentrations monitoring may also be of par-
ticular importance for TDM in LN. There are several condi-
tions, such as hypoalbuminemia, in which MPA exposure
would not be predicted accurately by the routinely monitored
total plasma concentrations [8]. It is due to the fact that in
individuals with normal renal and liver outcomes MPA is 97
to 99% bound to albumin. Any alterations in this binding may
cause elevated free MPA concentrations with minor or even
no effect on total MPA concentrations [8–10].

According to our knowledge, there were only two studies
published that explored the effect of both total and free MPA
exposure on adult LN patients outcome [2, 11]. However,
none of them has evaluated the relationship between corre-
sponding free and total MPA pharmacokinetic (PK) parame-
ters and the effect of hypoalbuminemia on MPA plasma pro-
tein binding. Taking into account the relevance of free MPA
monitoring and the scarce data available, we decided to con-
duct PK study in adult patients with class III and IV LN being
on MMF therapy to evaluate the relationship between total
and free MPA PK parameters and renal outcome markers,
and to verify whether conducting TDM in LN patients would
be of value in routine clinical practice.

Methods

Study design

Patients with LN from the Department of Transplantation
Medicine, Nephrology and Internal Medicine of Medical
University of Warsaw (Warsaw, Poland) and the Department

and Clinic of Nephrology and Transplantation Medicine of
Wroclaw Medical University (Wroclaw, Poland) that met in-
clusion criteria were enrolled in the study. The following in-
clusion criteria were adhered to: (1) biopsy-proven class III
and IV lupus nephritis (LN) (according to the International
Society of Nephrology/Renal Pathology Society classification
from 2003 [12]) (2) age > 18 years (3) treatment with MMF.
Patients who received medicinal products known to be
interacting with MPA were excluded from the study.
Concurrent treatment with antihypertensive drugs or chloro-
quine was permitted and recorded. The study was approved by
the local ethics committee. Informed consent was obtained
from all participants.

Patients included in the study

The detailed patients’ characteristics are given in Table 1.
Sixteen biopsy-proven LN patients met the inclusion criteria
providing a total of 26 three-time point and 3 two-time point
abbreviated 2 h profiles. Former intake of cyclophosphamide
was noted for six participants. Concurrent treatment included
glucocorticosteroids, angiotensin-converting enzyme inhibi-
tors or angiotensin receptor blockers and chloroquine, and
was received by 16, 13, and 4 patients, respectively. MMF
doses taken twice a day were distributed as follows: 250 mg
(1 profile), 500 mg (7 profiles), 1000 mg (8 profiles), and
1500 mg (1 profile). Additionally, in case of one profile
MMF dose of 500 mg was received 3 times a day, while in
1 patient the twice-daily dose was divided into 1000 mg and
500 mg. All of the patients were Caucasians.

Table 1 Patients’ characteristics (N = 16, n = 29)

Mean ± SD or N/n Median (range) or%

Gender

Female 13/24 81/83

Male 3/5 19/17

Age [years] 35 ± 11 37 (20–59)

Lupus nephritis

Class III 3/5 19/17

Class IV 13/24 81/83

Serum creatinine [mg/dL] 0.98 ± 0.43 0.76 (0.60–2.20)

Estimated GFR [mL/min] 80.7 ± 24.9 90.5 (23.8–120.4)

Serum albumin [g/dL] 4.0 ± 0.7 3.9 (3.2–6.2)

Urine protein [g/dL] 0.16 ± 0.45 0.05 (0.01–2.34)

24-h urine protein [g/day] 0.94 ± 0.81 0.71 (0.05–2.79)

Hemoglobin level [g/dL] 12.6 ± 1.5 12.7 (8.9–15.4)

White blood cell count [109/L] 8.30 ± 2.80 8.16 (4.12–15.49)

MMF dose [mg/day] 1638 ± 625 2000 (500–3000)

N, number of patients; n, number of profiles; GFR, glomerular filtration
rate; MMF, mycophenolate mofetil
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Patients excluded from the study

Two patients were excluded from the study due to the intake
of cyclosporine known to decrease MPA exposure due to
the influence on MPA enterohepatic circulation [13].
Moreover, there was a group of eight patients that could
not be included in the study since it was impossible to de-
termine both total and free MPA profiles due to the insuffi-
cient plasma volume collected. Although the following re-
sults could not be included in the study analysis with no
total MPA concentrations, still free MPA concentrations
were measured in the samples from those eight patients
providing 11 three-time point abbreviated 2 h profiles for
future reference.

Analytical methods

Steady-state blood samples were collected at predose and 0.5
and 2 h after the morning dose of MMF by venipuncture
using EDTA tubes. All samples were subsequently
centrifugated to obtain plasma which was then stored at
−20 °C until analysis.

Total MPA plasma concentrations were measured by the
validated high-performance liquid chromatography method
with ultraviolet detection (HPLC-UV) used in our labora-
tory since 2003. It is a modification of Shaw et al. [14]
method and was detailed previously [15]. Its analytical per-
formance was assured by continuous participation in the
Mycophenolate International Proficiency Testing Scheme
provided then by Analytical Services International
(London, UK).

Free MPA concentrations in plasma ultrafiltrate were
determined after prior ultrafiltration with Centrifree
Micropartition System® (Merck Millipore, Co. Cork,
Ireland) by liquid chromatography–tandem mass spectrom-
etry (LC-MS/MS) method developed, validated, and de-
scribed in detail recently [16].

Pharmacokinetic analysis

Taking the practical aspects of the organization of patient
care into consideration, the samples were collected only
until 2 h after MMF intake. Total and free MPA concentra-
tions at three time points (C0, C0.5, C2) were then deter-
mined. Review of current literature revealed no limited
sampling strategy (LSS) model developed and validated
in LN population for the above sample times. Therefore,
non-compartmental analysis was performed to calculate
the area under the concentration time curve from 0 to 2 h
(AUC0–2) by linear trapezoidal rule using WinNonlin 3.2
Pro software (Pharsight Inc., Mountain View, CA, USA).
PK parameters were normalized to the actual morning dose

of MMF. Free fraction (Ff) was calculated according to the
following formula: Ff = Cfree / Ctotal · 100%.

Outcome measurements

The following biochemical parameters were determined at
the time of plasma sampling: serum creatinine, estimated
glomerular filtration rate (eGFR), serum albumin, urine
protein (UP), 24-h urine protein (24UP), hemoglobin level
(Hb), and white blood cell count (WBC). Comparisons of
PK parameters values were made between patients grouped
by the following demographic and biochemical factors:
gender, eGFR (< 81 mL/min vs ≥ 81 mL/min), 24UP (≤
0.5 g/day vs > 0.5 g/day), and serum albumin (< 3.5 g/dL
vs ≥ 3.5 g/dL). The cutoff points for the eGFR and 24UP
factors were determined based on the European League
Against Rheumatism (EULAR) definition of partial and
complete renal response [17]. According to the EULAR
criteria, the value of eGFR above 81 mL/min and the value
of 24UP below 0.5 g/day indicate partial and complete re-
sponse to the immunosuppressive treatment. Serum albu-
min level below 3.5 g/dL was chosen as an indicator of
hypoalbuminemia [8]. The comparison between patient
groups with and without decreased albumin concentration
is particularly valuable due to its significant influence on
free MPA plasma concentrations [8–10].

Statistical analyses

All statist ical analyses, as well as box-plots and
scatterplots, were performed and created using Dell
Statistica software, version 13 (Dell Inc., Tulsa, OK,
USA). p value < 0.05 was considered significant.
Quantitative data were presented as mean ± SD and median
(range), while qualitative data as numbers and frequencies
(percentage). Nonparametric Mann-Whitney U test was
used to evaluate the differences in PK parameters between
patients grouped by demographic and biochemical factors
(see BOutcome measurements^), while Kruskal-Wallis
ANOVA test was used to evaluate the differences in MPA
free fraction between three sampling time points. To meet
the independence assumption of Mann-Whitney U and
Kruskal-Wallis ANOVA tests, only 16 profiles (one profile
provided for a given patient) were considered for the above-
mentioned statistical analyses. Spearman rank correlation
was used to establish the relationship between PK parame-
ters and biochemical data. Receiver operating characteristic
(ROC) curves (sensitivity versus 1-specificity) of PK pa-
rameters were analyzed to discriminate between LN pa-
tients grouped by the biochemical factors (see BOutcome
measurements^). The area under the ROC curve was esti-
mated according to the Hanley and McNeil method [18].
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Results

Pharmacokinetics

Total MPA, free MPA, and MPA free fraction results are
presented in Table 2, while Supplementary Fig. 1 shows
its abbreviated 2 h profiles. The mean maximum concen-
tration in case of both total and free MPA was observed
0.5 h after MMF intake. An important result was that only
9 out of 28 samples (32.1%) for total MPA predose concen-
tration exceeded the border value of 3 μg/mL recommend-
ed in the literature for LN treatment [5, 19]. No statistically
significant differences for MPA free fraction between three
time points (p = 0.7547) were observed. MPA free fraction
ranged between 0.31–3.43% and yielded 1.08 ± 0.65%. A
total of 50 out of 84 measurements (59.5%) demonstrated
free fraction lower than 1%.

Results of free MPA concentrations measured in the sam-
ples in which plasma volume was insufficient to determine
also total MPA concentrations (see BPatients excluded from
the study^) are presented in Supplementary Table 1.

Pharmacokinetic comparisons between groups

Among all of the PK parameters compared between patients
grouped by gender MPA free fraction measured 2 h after
MMF intake was the only one that differed significantly
(p = 0.0250).

The comparisons regarding two biochemical factors related
to therapeutic response, 24UP and eGFR, were made as well.
In patients grouped by 24UP value total MPA predose con-
centrations were significantly higher (p = 0.0311) in LN pa-
tients with 24UP value > 0.5 g/day (2.84 ± 1.42 μg/mL) than
in patients with 24UP value (≤ 0.5 g/day) (1.50 ± 1.16 μg/
mL). In case of eGFR factor, both dose-normalized total and
free MPA predose concentrations were significantly higher
(p = 0.0033 and p = 0.0164, respectively) in LN patients with
eGFR value < 81 mL/min than in patients with eGFR ≥
81 mL/min. Dose-normalized total MPA C0 amounted to
4.59 ± 2.32 μg/mL·g vs 1.41 ± 1.15 μg/mL·g, while dose-
normalized free MPA C0 amounted to 43.50 ± 31.40 ng/mL·
g vs 17.34 ± 10.83 ng/mL·g (see Supplementary Fig. 2).

Additionally, PK parameters were compared depending on
serum albumin concentration. It turned out that hypoalbumin-
emic LN patients (serum albumin below 3.5 g/dL) demon-
strated significantly (p = 0.0276) elevated MPA free fraction
when compared with patients with serum albumin concentra-
tion ≥ 3.5 g/dL (1.49 ± 0.64% vs 1.08 ± 0.75%) (see
Supplementary Fig. 3).

The abovementioned analyses were made on 16 profiles
following the independence assumptions of statistical tests
used (see BStatistical analyses^). Nevertheless, although sta-
tistically not fully correct, it is worth mentioning that inference
made on the whole number of 29 profiles using nonparametric
approach led to very similar conclusions regarding patients
grouped by gender, eGFR, and serum albumin concentration.

Correlation of pharmacokinetic parameters
with biochemical data

Several relevant correlations were observed between PK pa-
rameters and biochemical markers.

Dose-normalized total C0 significantly correlated with
eGFR (r = −0.3808, p = 0.0456, n = 28), while neither PK pa-
rameter was related significantly with 24UP.

Regarding MPA plasma protein binding it was observed
that MPA free fraction increased with serum albumin concen-
tration decrease (see Fig. 1).

Table 2 Pharmacokinetic parameters of total and free MPA

Parameter Mean ± SD Median (range)

Total MPA

C0 [μg/mL] (n = 28) 2.27 ± 1.54 1.69 (0.42–6.49)

C0.5 [μg/mL] (n = 27) 11.20 ± 8.01 11.34 (1.14–33.38)

C2 [μg/mL] (n = 29) 6.13 ± 4.90 5.41 (1.51–20.56)

AUC0–2 [μg·h/mL] (n = 26) 16.61 ± 10.55 15.76 (3.45–50.05)

Free MPA

C0 [ng/mL] (n = 29) 21.64 ± 17.49 14.66 (3.77–77.79)

C0.5 [ng/mL] (n = 28) 109.4 ± 73.43 93.06 (6.42–282.0)

C2 [ng/mL] (n = 29) 57.48 ± 50.33 36.97 (17.74–221.0)

AUC0–2 [ng·h/mL] (n = 28) 158.4 ± 94.07 137.71 (20.69–395.5)

MPA free fraction

C0 [%] (n = 28) 1.05 ± 0.64 0.94 (0.37–3.43)

C0.5 [%] (n = 27) 1.05 ± 0.53 0.92 (0.41–2.21)

C2 [%] (n = 29) 1.13 ± 0.77 0.86 (0.31–3.15)

All samples [%] (n = 84) 1.08 ± 0.65 0.91 (0.31–3.43)

Dose-normalized parameter Mean ± SD Median (range)

Total MPA

C0 [μg/mL·g] (n = 28) 3.31 ± 2.49 2.46 (0.50–9.57)

C0.5 [μg/mL·g] (n = 27) 14.37 ± 9.34 12.96 (1.14–33.38)

C2 [μg/mL·g] (n = 29) 7.44 ± 4.14 5.68 (2.74–20.56)

AUC0–2 [μg·h/mL·g] (n = 26) 21.11 ± 11.28 17.53 (5.69–50.05)

Free MPA

C0 [ng/mL·g] (n = 29) 30.09 ± 25.40 22.26 (5.36–110.2)

C0.5 [ng/mL·g] (n = 28) 149.2 ± 111.8 128.6 (11.39–428.0)

C2 [ng/mL·g] (n = 29) 72.05 ± 48.18 56.07 (18.71–224.2)

AUC0–2 [ng·h/mL·g] (n = 28) 210.5 ± 134.4 193.3 (37.97–590.5)

MPA, mycophenolic acid; n, number of profiles; AUC, area under the
concentration time curve; C0, predose plasma concentration; C0.5 plasma
concentration 0.5 h after dosing; C2 plasma concentration 2 h after dosing
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Relationship between pharmacokinetic parameters

PK parameters were subject to evaluate correlation with one
another. Some important findings were made and presented in
Supplementary Table 2, while crucial correlations are demon-
strated in Fig. 2. Namely, total and free C0 were significantly
correlated with total AUC0–2. Moreover, valid relationship
was noted between free C0 and free AUC0–2. Furthermore,
relationships between corresponding total and free MPA PK
parameters (C0, AUC0–2) were statistically significant. MPA
free fraction, however, was significantly related only with free
but not total AUC0–2.

Also, it was found that there is a statistically evident posi-
tive correlation between MMF daily dose and total C2 (r =
0.5803, p = 0.0010, n = 29), free C2 (r = 0.4727, p = 0.0096,
n = 29), and total AUC0–2 (r = 0.5083, p = 0.0080, n = 26).

Receiver operating characteristic curves analysis

Taking into account findings described in BPharmacokinetic
comparisons between groups^ and BCorrelation of pharmaco-
kinetic parameters with biochemical data,^ the ROC curves
analysis was undertaken to verify whether there is a specific
value of a given PK parameter that could discriminate between
LN patients with eGFR below and above 81 mL/min, with
24UP below and above 0.5 g/day and between patients with
and without hypoalbuminemia (serum albumin < 3.5 g/dL).

Regarding eGFR parameter, there were two significant
classification models obtained (p < 0.05) (see Fig. 3).
According to ROC curve analysis, dose-normalized total C0

above 2.76 μg/mL·g may distinguish patients with eGFR <
81 mL/min with a diagnostic sensitivity of 83.3% and diag-
nostic specificity of 75.0%. An auspicious classification value
of this model is highlighted by ROC-AUC of 0.802. The other
ROC curve model, however, analyzing dose-normalized free
C0 was characterized by a lower ROC-AUC of 0.755.
Nevertheless, its value above 43.40 ng/mL·g may indicate
patients with eGFR value below 81 mL/min with a diagnostic
sensitivity of 50.0% and diagnostic specificity of 88.2%.

In accordance with the results demonstrated above, also
ROC curve analysis did not provide any significant classifica-
tion models that could distinguish patients with 24UP value >
0.5 g/day.

Contrary, there were two significant classification models
obtained to discriminate between LN patients with and with-
out hypoalbuminemia (< 3.5 g/dL) (see Fig. 3). According to
ROC curve analysis, free AUC0–2 above 295.2 ng·h/mL and
free fraction above 1.85% may indicate hypoalbuminemic pa-
tients with diagnostic sensitivity of 40.0% and 35.7%, respec-
tively and diagnostic specificity of 93.3% and 89.4%, respec-
tively. ROC-AUC for both models was 0.760 and 0.736,
respectively.

Discussion

According to our knowledge, there have been two studies so
far which evaluated not only total but also free MPA pharma-
cokinetics in adult LN patients [2, 11]. However, our report
presents research that additionally examined relationship be-
tween free and total MPA concentration-related parameters in
this particular population of patients. We also demonstrated
the effect of hypoalbuminemia on MPA plasma protein bind-
ing in LN patients. The results of these unique analyses may
bring some helpful information when formulating in the future
TDM recommendations in LN.

It has been concluded based on literature review that total
MPA predose concentration value of 3 μg/mL may be associ-
ated with a higher probability of LN remission [1, 5]. In our
study, only 32.1% of samples reached the recommended val-
ue; however, it should be beared in mind that standard MMF
fixed-dosing protocol was administered in both clinical cen-
ters. Moreover, high between-patient variability in MPA-
shortened AUC was observed with extremes of 5.69 and
50.05 μg·h/mL·g (CV% of 53.5%) as well as 37.97 and
590.5 ng·h/mL·g (CV% of 63.8%) for dose-normalized total
and free MPA AUC0–2, respectively. It is in accordance with
other pharmacokinetic studies carried out in LN [2, 7, 20].
Recently, Abd Rahman et al. [2] reported CV% of 50% and
53% for dose-normalized total and free MPA AUC0–12,

Fig. 1 Correlation between MPA free fraction and serum albumin
concentration. 95% confidence interval is marked with dashed lines.
Elevated MPA free fraction was observed with albumin concentration
decrease
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respectively. Therefore, introducing TDM of MPA in LN to
adjust optimal individual MMF dose seems to be a more rea-
sonable approach than fixed-dosing procedure.

The official TDM recommendations for MMF in LN are
lacking, thus PK parameter being the best predictor of MPA
exposure is still to be established. Nevertheless, contrary to the
renal transplant recipients due to better kidney function ob-
served in autoimmune diseases [21, 22], in a number of PK
studies conducted in non-transplant patients a significant cor-
relation between total MPAC0 andMPAAUC0–12 was report-
ed (r = 0.545 [23], r = 0.561 [20], r = 0.578 [21], r = 0.643 [2],
r = 0.79 [24], r = 0.90 [6], r = 0.94 [22]). The recent retrospec-
tive study that evaluated the relationship between total MPA
C0 and AUC0–4 has also reported significant correlation (r =

0.55) [25]. These findings are consistent with our study since
weak but still statistically significant correlation between ab-
solute as well as dose-normalized total C0 and AUC0–2 was
observed (r = 0.5508 and r = 0.5699, respectively). However,
it has to be noted that the magnitude of the C0-AUC correla-
tions reported so far in LN is not satisfactory. Only two studies
carried out by Lertdumrongluk et al. [6] and Mino et al. [22]
(conducted in 18 and 6 LN patients respectively) reported
strong correlations with r ≥ 0.90. Nevertheless, according to
our study results described in BReceiver operating character-
istic curves analysis,^ total dose-normalized MPA C0 may be
a useful parameter to distinguish between LN patients with
eGFR below and above 81 mL/min. According to the ROC
curve classification model, dose-normalized total C0 above

Fig. 2 Correlation between mycophenolic acid pharmacokinetic
parameters. The relationship between dose-normalized (A) total
AUC0–2 and total C0, (B) free AUC0–2 and free C0, (C) free and total

AUC0–2, (D) free and total C0 was significant with p value < 0.05. 95%
confidence interval is marked with dashed lines
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2.76 μg/mL·g may indicate patients with eGFR below 81 mL/
min with a favorable diagnostic sensitivity (true positive rate)
of 83.3% and diagnostic specificity (true negative rate) of
75.0%. Therefore, measurement of total MPA C0 in LN pa-
tients may be more useful and more justifiable than in renal
transplantation. However, taking into account not satisfactory

magnitude of the C0-AUC correlations, the reliability of C0

measurements in MMF dose optimization needs to be con-
firmed in larger prospective clinical studies.

Monitoring free besides total MPA concentration gives the
opportunity to calculate MPA free fraction and to observe its
distribution over time. It is widely recognized that MPA is
strongly bound to plasma albumin (97–99%) [8, 10] which
has been also proved here. A total of 59.5% measurements
amounted to less than 1% of MPA free fraction, while only
2.4% samples exceeded 3% of MPA free fraction. The distri-
bution of MPA free fraction in human plasma was very stable
until 2 h after MMF intake; however, the average maximum
free MPA concentration was observed 0.5 h after MMF intake
(see Supplementary Fig. 1).

To verify the usefulness of free MPA monitoring a series of
correlations with PK parameters and biochemical data were
made. It was found that dose-normalized freeMPAC0 and free
MPA AUC0–2 were significantly correlated with total MPA C0

(r = 0.7909) and total MPA AUC0–2 (r = 0.6704) respectively
(see Fig. 2). These results suggest that monitoring only total
MPA concentrations might seem sufficient to conduct TDM,
especially taking into account that free MPA concentrations
should be determined by more demanding LC-MS/MS [16],
which is not as easily available in every laboratory as HPLC-
UV or even immunoassays [26]. However, our results have
shown that there is a significant negative relationship between
serum albumin concentration and MPA free fraction, similarly
to the findings reported in in vitro [10], as well as in transplan-
tation [9] studies. In our study, elevated MPA free fraction was
observed in hypoalbuminemic LN patients (serum albumin
below 3.5 g/dL). Atcheson et al. [9] have concluded that in
renal transplant patients with abnormal MPA free fraction
TDM based on total MPA monitoring is inappropriate. Also
in LN patients with hypoalbuminemia monitoring free MPA
may be more beneficial than standard total MPA monitoring.

Following ROC curve analysis it was possible to determine
MPA free fraction level of 1.85% that could indicate hypoal-
buminemic LN patients. However, despite high diagnostic
specificity (true negative rate) of 89.4%, diagnostic sensitivity
(true positive rate) of 35.7% was not satisfactory to make this
classification model useful in clinical practice.

Conclusion

Presented study by providing new information may support for-
mulating TDM recommendations in LN in the future. The rela-
tionship between corresponding free and total pharmacokinetic
MPA parameters as well as the effect of hypoalbuminemia on
MPAplasma protein bindingwas examined in adult LN patients.
The study results suggested that TDM of MPA in LN seems to
be a more reasonable approach than the standard fixed-dose
protocol in optimizing MMF therapy. Although no official

Fig. 3 Significant classification models (p < 0.05) obtained by receiver
operating characteristic curves analysis (A) to discriminate between lupus
nephritis patients with eGFR values below and above 81 mL/min, (B) to
discriminate between patients with and without hypoalbuminemia (serum
albumin < 3.5 g/dL). The reference line indicates no discrimination
between groups. Proposed cutoff and ROC-AUC values are presented
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TDM recommendations were published so far, measurement of
predose total MPA concentrations may be a possible estimation
of MPA exposure, while monitoring free rather than total MPA
may be more beneficial in hypoalbuminemic patients. However,
it still needs to be confirmed in larger prospective clinical studies.
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