Impact of Mycophenolic Acid Dose Modifications on Renal
Function After Kidney Transplantation
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Objective: Mycophenolic acid dose modifications
after renal transplantation seem to adversely
affect renal allograft outcome. The aim of this
retrospective study was to examine the effect of
mycophenolic acid dose modifications on renal
function 1 year after transplantation and to deter-
mine the factors predictive of those dose modifica-
tions within the first year after renal transplanta-
tion.

Patients and Methods: All 130 patients at our insti-
tution who were treated de novo between January
2002 and April 2003 with either a mycophenolate
mofetil-based or an enteric-coated mycophenolate
sodium-based therapy and who had a functioning
renal allograft 1 month after transplantation were
included in this study.

Results: Fifty-seven patients (43.8%) underwent a
dose modification during the first year after trans-
plantation. One, 3, 6, and 12 months after transplan-
tation, renal function was significantly improved in
the patients who did not receive a dose modifica-
tion. A mycophenolic acid dose that 1 year after
transplantation was less than the initial dose
received just after transplantation was an inde-
pendent factor associated with deteriorating renal
function. Sirolimus immunosuppression, Cytomega-
lovirus infection, and pretransplant lymphocyte
counts were independent factors associated with
mycophenolic acid dose modifications within the
first year after kidney transplantation.

Conclusions: Modification of the mycophenolic
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acid dose may adversely affect renal function 1
year after transplantation.
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Because of its beneficial effects in the prevention of
both acute rejection [1-3] and chronic renal allograft
dysfunction [4-6], mycophenolate mofetil (MMF),
the prodrug of mycophenolic acid (MPA), is used by
most transplant centers worldwide after renal trans-
plantation. However, enteric-coated mycophenolate
sodium (EC-MPS), a new prodrug formulation of
MPA, has recently been developed. EC-MPS has
been found to be as effective and safe as MMF in the
de novo treatment of renal transplant patients [7]
and those receiving renal maintenance therapy [8].
However, MPA-related adverse effects might lead to
discontinuation, dose interruption (DI), or a reduc-
tion in dosage. Such dose modifications (DMs)
increase the risk of acute rejection [9, 10], compro-
mise renal allograft survival [10, 11], and increase
posttransplantation healthcare costs [11]. However,
to our knowledge, the effect of MPA dose modifica-
tions on renal function has not yet been assessed.
The aim of this retrospective study was to deter-
mine the effect of MPA DM on renal function 1 year
after transplantation and to identify the factors
predictive of MPA DM during the first year after
renal transplantation.

Patients and Methods

Between January 2002 and April 2003, 159 patients
received a kidney graft at our institution. Of those
individuals, all patients treated with an MMF-based
or an EC-MPS-based therapy and who had a func-
tioning renal allograft 1 month after transplantation
(n =130) were included in this study. We excluded 8
patients who had a nonfunctioning graft 1 month
after transplantation (6 from the MMF group and 2
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from the EC-MPS group) and 21 patients who were
not receiving MMF or EC-MPS 1 month after trans-
plant surgery. The study group consisted of 77 men
and 53 women (age range, 18-69 years; median age,
45.5 years). Immunosuppressive therapy data
regarding the study subjects are presented in Table 1.
Treatment was based on the administration of either
a calcineurin inhibitor or sirolimus with MMF or
EC-MPS, with or without steroids and with or with-
out induction therapy. EC-MPS, which was admin-
istered only with cyclosporin A (CsA) at our center
at that time, was given at a dose of 720 mg twice
daily. The following MMF doses were administered:
Five hundred milligrams twice daily with tacrolimus
(FK 506), 750 mg twice daily with sirolimus, and 1 g
twice daily with cyclosporin A. The target trough
level of cyclosporin A at the 2-hour level was 1000 to
1300 ng/mL during the first 3 months, 800 to 1000
ng/mL between months 3 and 6, and 700 to 800
ng/mL thereafter. The target trough level of tacro-
limus was 10 to 15 ng/mL from transplantation to
posttransplant month 3 and from 8 to 12 ng/mL
thereafter. The target trough level of sirolimus was

between 8 and 12 ng/mL. During the first 6 months
after transplantation, all patients received sulfamet-
hoxazole-trimethoprim therapy for prophylaxis
against Pneumocystis jiroveci. With respect to pro-
phylaxis against Cytomegalovirus (CMV) infection,
only patients in the CMV seropositive donor / CMV
seronegative recipient group received intravenous
ganciclovir therapy at a dosage of 500 mg/d for the
first 2 weeks after transplantation; that regimen was
followed by valacyclovir 3000 mg/d for the next 90
days.

For each patient, we assessed the number of
DMs (reduction, discontinuation, or interruption),
the cause of the DM, the length of the interval
between transplantation and DM, and the duration
of the DM. We defined DM as the discontinuation
(permanent withdrawal) of MPA, the interruption
(temporary withdrawal) of MPA, or the reduction (a
decrease in the dose) of the MPA dose for a duration
of at least 2 days. The MPA dose was reduced in
patients with a severe hematologic disorder (eg, a
hemoglobin level of < 8 g/dL, a white blood cell
count of < 3000/ mm3, or a polymorphonuclear cell

Table 1. Clinical profile of the patients studied

Clinical Profile of Renal Donors Renal Patients with Patients with
and Recipients Transplant Dose No Dose
Patients Studied Modification Modification
(n =130) (n=57) (n=173)
Recipients
Age at transplantation (y) 442 + 1.1 472 +1.8 42+1.4
Sex (male/female) 77/53 34/23 43/30
Previous renal transplantations (no.) 0 (0-1) 0 (0-1) 0 (0-1)
Highest level of PRA (%) 0 (0-100) 0 (0-100) 0 (0-69)
PRA level at transplantation (%) 0 (0-100) 0 (0-85) 0 (0-100)
Donors
Age (y) 424 +£13 48 + 1.5 37.9+15
Sex (male/female) 69/61 26/31 43/30
Serum creatinine level (umol/L) 99.3+5.9 102 +9 97.2+77
Creatinine clearance (mL/min) 92.6 £3.5 84 +4.5 99.8+5
Cadaveric/living 117/13 54/3 65/8
Cold ischemia time (h) 18.9+09 21.1+1.34 17.+£1.16
Warm ischemia time (min) 459+ 1.2 484+ 19 439+15
Cytomegalovirus status (%)
D+/R- 18.5 21 16.4
R+ 58.5 61.4 56.2
D-/R- 23 17.6 27.4
Immunosuppressive therapy
Induction therapy: yes/no 116/14 54/3 62/11
Polyclonal Ab/anti-CD25 moAb 54/62 33/21 21/41
Cyclosporine/tacrolimus/SRL 83 /36 /11 31/16 /10 52/ 20/ 1
MMF/EC-MPS 93/37 48/9 45/28
Steroids 127 55 69

PRA, Panel reactive antibodies; D+, Cytomegalovirus - seropositive donor; D-, Cytomegalovirus -
seronegative donor; R-, Cytomegalovirus - seronegative recipient; R+, Cytomegalovirus - seropos-
itive recipient; Ab, antibodies; moAb, monoclonal antibodies; SRL, sirolimus; MMF, mycophe-
nolate mofetil; EC-MPS, enteric-coated mycophenolate sodium.
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count of < 1500 /mm3) and in those with a persist-
ent severe CMV infection despite comprehensive
antiviral therapy, CMV disease, BK virus infection,
a severe infection that required hospitalization, or a
gastrointestinal disorder that was refractory to ther-
apy. In the absence of improvement of those disor-
ders after MPA dose reduction (DR), treatment with
MPA was terminated and was reinitiated only after
the disorder had resolved completely. Physicians
could also decide to permanently terminate MPA
therapy in patients with a severe complication such
as a BK viral infection, nephropathy, or a hemato-
logic disorder that was refractory to treatment. The
dosages of the other immunosuppressive agents
were not modified.

In addition, we assessed the following parame-
ters for each patient: the donor’s age and sex, the
donor’s serum creatinine level and creatinine clear-
ance level (calculated according to the Cockcroft
and Gault formula), the patient’s age at transplanta-
tion, the number of previous renal transplantations,
the level of panel reactive antibodies (PRA) (peak
level and level at the time of renal transplantation),
the length of cold and warm ischemia times, CMV
status (donor and recipient), the patient’s immuno-
suppression therapies, and the patient’s trough
levels of relevant immunosuppressive drugs 1, 3, 6,
and 12 months after transplantation. Hematologic
parameters (hemoglobin level and white blood cell,
polymorphonuclear, lymphocyte, and platelet
counts) and renal values (creatinine level and crea-
tinine clearance calculated according to the Cock-
croft and Gault formula) were assessed before trans-
plantation, and 1, 3, 6, and 12 months after trans-
plantation. In addition, biopsy-proven acute rejec-
tion episodes, CMV infection (defined as either a
real-time PCR result that revealed CMV viremia
[12] or established CMV disease that required anti-
CMV therapy), and severe infection that was caused
by an agent other than CMV and that required
hospitalization of the patient were assessed.

Statistical analyses

Reported values represent either the mean + SE or the
median (range). Proportions were compared with the
chi-square or the Fisher exact test. Quantitative vari-
ables were compared with the nonparametric Mann-
Whitney U test, the Friedman test, and the Student ¢
test. Independent factors associated with impaired
renal function (a creatinine clearance value of < 60
mL/min) and DM 12 months after transplantation
were studied with a stepwise multivariate logistic
regression model. A P value of < .05 was considered
statistically significant.
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Results

The patients' characteristics are summarized in
Table 1.

MPA DMs

Fifty-seven (43.8%) of 130 patients underwent a DM
of MPA during the first year after transplantation
(Figure 1). Fifty-one (39.2%) of 130 patients under-
went a DR of MPA. The median DR was 50% (range,
25%-75%). The mean time between transplantation
and the first DR was 82 + 11 days (median, 60 days;
range, 15-290 days). The median number of DRs per
patient was 1 (range, 1-3). The median duration of
the DR within the first year was 216 days (range, 8-
345 days). Sixteen of 130 patients (13%) underwent
a DI (7 patients had 1 DI, 8 patients had 2, and 1
patient had 3 DIs). All but 1 of those individuals
experienced a DR before DI. The DIs occurred 143
days (£ 20 days) after transplantation (median, 120
days; range, 15-330 days). The median duration of
the DIs was 30 days (range, 8-215 days). MPA was
discontinued in 15 patients during the first post-
transplant year. Of those individuals, 3 patients
underwent a DR followed by a DI before MPA ther-
apy was terminated, and 7 patients underwent a DR
before the discontinuation of MPA treatment. MPA
discontinuations were caused primarily by hemato-
logic abnormalities and infections. MPA treatment
was terminated after 135 days of treatment (+ 19 days;
median, 120 days; range, 20-300 days). The causes of
the DMs are summarized in Table 2. Overall, the
mean doses of MMF and MPS initiated after trans-
plantation were, respectively, 1.6 (+ 0.04) g/d and 1.44
g/d. One year after transplantation, those doses

DR followed by DI and DD thereafter DI

“a 1/5 /DD

DR followed by DD , 3

DR followed by DI X .. 73

No dose
modification

Dose modification: 57 patients

Dose reduction (DR): 51 patients

Dose interrumption (DI): 17 patients
Dose discontinuation (DD): 15 patients

Figure 1. Mycophenolic acid dose modification within the first year
after transplantation.
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were 1.21 (£ 0.06) g/d for MMF (P <.0001) and 1.047
(£0.1) g/d for MPS (P = .0004). MPA DMs occurred
at the same rate in 37.5% of patients who received
CsA-based treatment and in 44% of those who
received FK 506-based therapy. In contrast, DMs
occurred at a significantly higher rate (91%) in
patients who received sirolimus-based therapy than
in those who received either CsA-based (P = .0009)
or FK 506-based therapy (P = .01). During the first
year after transplantation, sirolimus doses were
reduced from 0.08 (+ 0.008) mg/kg/d at 1 month, to
0.08 (+ 0.01) mg/kg/d at 3 months, to 0.06 (+ 0.009)
mg/kg/d at 6 months, and to 0.06 (+ 0.01) mg/kg/d
at 12 months (P = .1). Sirolimus trough levels were
10 (+ 1.24) ng/mL at 1 month after transplantation,
11 (+ 3.4) ng/mL at 3 months, 8.5 (+ 1.3) ng/mL at 6
months, and 5.5 (+ 0.5) ng/mL at 12 months (P = .1).
The recipients' body weight and body mass index
did not have an effect on the MPA DM (data not
shown).

Table 2. Causes of dose modifications in patients treated with
mycophenolate mofetil

Variable n (%)
Dose reduction (n = 51)

Hematologic disorders* 27 (53)
Anemia 11
Leucopenia and/or neutropenia 12
Pancytopenia 4
Infections 18 (35)
Cytomegalovirus infection and/or positive viremia 14
Bacterial infection 2

Varicella zoster virus infection 1
BK virus infection 1

Diarrhea 6(12)

Dose interruption (n = 17)

Hematologic disorders* 9
Anemia 1
Leucopenia and/or neutropenia 5
Pancytopenia 3

Infections 8
Cytomegalovirus infection and/or positive viremia 3
Bacterial infection 3
Varicella zoster virus infection 1
BK virus infection 1

Dose discontinuation (n = 15)

Hematologic disorders* 3(20)
Anemia 1
Leucopenia and/or neutropenia 2

Infections 9
Cytomegalovirus infection and/or positive viremia 6
Varicella zoster virus infection 2
BK virus infection 1
Diarrhea 3

*Hematologic disorders were considered in the absence of Cytomega-
lovirus infection or the presence of Cytomegalovirus-related viremia.

Effects of MPA DM on renal allograft function

Only 3 of 57 patients (5.26%) who experienced a DM
presented with acute rejection, which occurred 32, 68,
and 105 days, respectively, after the MPA dose was
modified. However, 1, 3, 6, and 12 months after trans-
plantation, the serum creatinine level had improved
to a significantly greater extent in patients who did
not undergo a DM than in those who did experience
a change in treatment during the first posttransplan-
tation year (Figure 2A). Creatinine clearance, which
was calculated according to the Cockcroft and Gault
formula, also significantly improved in patients who
did not undergo a DM (Figure 2B). To determine
whether MPA DM had adversely affected the serum
creatinine level 1 year after transplantation, we
reviewed the factors that influence renal function at
that postsurgical point. The median creatinine clear-
ance 1 year after transplantation was 61.5 mL/min
(range, 17-163 mL/min). We chose a creatinine
clearance value of 60 mL/min 1 year after trans-
plantation as the cutoff value. The results of univari-
ate analysis showed that the following factors were
associated with a creatinine clearance of < 60
mL/min after 1 year: the donor's age (P < .0001); the
donor’s serum creatinine level (P = .045); MPA DMs
implemented during the first year after transplanta-
tion (P = .0014); MPA dose discontinuation (P =
.0016); MPA DR (P = .012); an MMF or MPS dose 1
year after transplantation that was lower than the
initial posttransplantation dose (P = .0077); creati-
nine clearance 1, 3, and 6 months after transplanta-
tion (P <.0001); and the hemoglobin level 1 (P =.04),
3 (P = .0007), and 6 months (P < .0001) after trans-
plantation (Table 3). The donor’s age and serum
creatinine level, MPA DMs during the first year
after transplantation, MPA dose discontinuation,
MPA DR, or an MMF or MPS dose 1 year after trans-
plantation that was lower than the initial posttrans-
plantation dose (eg, MMF 2 g or MPS 1.44 g with
cyclosporin A, MMF 1.5 g with sirolimus, or MMF 1
g with tacrolimus) were included in a multivariate
logistic regression analysis model. Independent
factors associated with a creatinine clearance of < 60
mL/min were the donor’s age (P <.0001, OR = 0.91,
95% CI = 0.88-0.95), the donor’s serum creatinine
clearance (P =.031, OR = 1.01, 95% CI = 1.001-1.02),
and an MMF or MPS dose that was less than the
initial posttransplantation dose (P = .034, OR =
2.545, 95% CI = 1.07-6.05) (Table 4). Because the
creatinine clearance decreased significantly as soon
as 1 month after transplantation in the group of
patients who underwent MPA DM to a greater
degree than in those who experienced no modifica-
tion in the MPA dose, it could be assumed that DMs
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Figure 2, A-D. Renal function 1, 3, 6, and 12 months after kidney transplantation in patients who did or did not undergo mycophenolic acid dose modification.
(A and B) All patients. (C and D) Patients with a creatinine clearance > 60 mL/min 1 month after transplantation.

*Comparison via the Friedman test for repeated measurements of serum creatinine level during the first posttransplant year in patients with a creatinine clear-
ance > 60 mL/min 1 month after transplantation and who underwent mycophenolic acid dose modification; P = .0003.

tComparison via the Friedman test for repeated measurements of the serum creatinine level during the first posttransplant year in patients with a creatinine clear-
ance > 60 mL/min at 1 month after transplantation and who did not undergo mycophenolic acid dose modification; P = ns.

$Comparison via the Friedman test for repeated measurements of creatinine clearance during the first posttransplant year in patients with a creatinine clearance
> 60 mL/min 1 month after transplantation and who underwent a mycophenolic acid dose modification; P = .02.

§Comparison via the Friedman test for repeated measurements of the creatinine clearance during the first posttransplant year in patients with a creatinine clear-
ance > 60 mL/min 1 month after transplantation and who did not undergo mycophenolic acid dose modification; P = ns.

occurred more frequently in patients with initial
renal function impairment. Therefore, we analyzed
the evolution of renal function according to the
presence or absence of DMs in the subgroup of
patients with a creatinine clearance of > 60 mL/min
1 month after transplantation. Among those 57
patients, 16 (28%) had undergone a DM during the
first year after transplantation. One month after
transplantation, the serum creatinine level and crea-
tinine clearance were similar in the 2 groups of
patients studied (ie, those who did and those who
did not undergo an MPA DM). In contrast, during
the first posttransplant year, the serum creatinine
level increased significantly (P =.0003) and the crea-
tinine clearance decreased significantly (P = .02) in
those patients who had undergone a DM, but
neither the serum creatinine level nor the creatinine
clearance changed significantly in the patients
whose MPA dose was not modified (Figure 2, C and

D). The incidence of acute rejection, CMV infection,
and severe infection that required hospitalization
and the immunosuppressive drug trough levels
were similar in both groups (data not shown).

Predictive factors for MPA DM 1 year after
transplantation

We identified, by means of univariate analysis,
factors that were associated with MPA DMs 1 year
after transplantation (Table 5). To identify inde-
pendent factors associated with MPA DMs by
means of multivariate analysis, we included the
following factors in the logistic regression model:
the recipient’s age at transplantation; the highest
level of PRA; the level of PRA at transplantation; the
number of previous renal transplantations; the cold
ischemia time; the pretransplant lymphocyte count;
treatment with MME, EC-MPS, or sirolimus; induc-
tion therapy with polyclonal antibodies or anti-CD25
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Table 3. Factors influencing creatinine clearance 1 year after renal trans-
plantation

Creatinine Clearance
1 Year After RT*
Variables P Value
<60 mL/min | > 60 mL/min
(n=61) (n=69)
Donor age (y) 504 + 1.4 353+1.6 <.0001
Donor serum creatinine 85+4.7 112 £10 .045
level (umol/L
MPA dose modification 36/25 21/48 .0014
(first year after RT ) (Y/N)
MPA dose discontinuation 13/48 2/67 .0016
(first year after RT) (Y/N)
MPA dose reduction 31/30 20/49 .012
(first year after RT) (Y/N)
MPA dose 1 year after 33/28 21/48 .0077
RT vs initial dose
Creatinine clearance ) 49 +2 70+ 2.4 <.0001
1 month after RT (mL/min)
Creatinine clearance ) 48 +2 73+2 <.0001
3 months after RT (mL/min)
Creatinine clearance ) 50 £2 76 +2 <.0001
6 months after RT (mL/min)
Hemoglobin 1 month 11.35+0.16 | 11.93+0.17 .04
after RT (g/dL)
Hemoglobin 12.28 £0.22 | 13.24+£0.18 .0007
3 months after RT (g/dL)
Hemoglobin 12.67 £0.21 13.8 +0.15 <.0001
6 months after RT (g/dL)

RT, Renal transplantation; MPA, mycophenolic acid.
*Univariate analysis.

515

Table 4. Creatinine clearance® 1 year after renal transplantation

Variable Odds Ratio 95% CI P Value
Donor age (y) 0.91 0.88-0.95 <.0001
Serum creatinine level (donor) 1.01 1.001-1.02 .031
MPA dose modification 1.43 0.08-25.3 .8
MPA dose discontinuation 0.36 0.06-2.11 .25
MPA dose reduction 0.72 0.28-1.85 .5
MPA dose 1 year after RT 2.54 1.07-6.05 .034

MPA, Mycophenolic acid; RT, renal transplantation.
*Multivariate analysis.

monoclonal antibodies; the presence of viremia
caused by CMV; and the creatinine level and creati-
nine clearance 1 month after transplantation. The
independent factors associated with MPA DMs 1
year after transplantation were as follows: One-
month creatinine clearance (P = .0003, OR = 0.955,
95% CI = 0.932-0.979), pretransplant lymphocyte
count (P = .0034, OR = 0.999, 95% CI = 0.998-1.0),
treatment with sirolimus (P = .002, OR = 163, 95% CI
=11-2407), and a positive test result for CMV viremia

(P =.0028, OR = 3.79, 95% CI = 1.58-9.08).

Table 5. Mycophenolic acid dose modification* 1 year after renal transplantation

Dose Modification

Variable Yes (n = 57) No (n = 73) P Value
Donor age (y) 48+ 1.9 38+15 <.0001
Donor creatinine clearance (mL/min) 83.4+45 99.8+5 .034
Recipient age at RT (y) 47 +1.8 418+15 .014
Highest PRA level (%) 16.4 + 4.4 3.5+ 1.6 .004
PRA level at RT (%) 86+29 29+16 016
Prior RTs (no.) 0 (0-1) 0 (0-1) .017
Cold ischemia time (h) 21.2+£1.34 17 £1.16 .015
MMF/EC-MPS 48/9 45/28 .006
Polyclonal Ab/Anti-CD25 moAb 33/21 21/41 .005
Use of sirolimus (yes/no) 10/47 1/72 .001
Positive CMV viremia (yes/no) 29/28 23/50 .03
Pretransplant lymphocyte count (mm3) 1452 + 75 1777 + 84 .005
Hemoglobin 1 month after RT (g/dL) 11.28 +£0.19 11.96 + 0.15 .008
WBCC 1 month after RT (mm3) 7900 + 539 9243 + 377 .024
PMN cell count 1 month after RT (mm3) 6091 + 490 7100 + 329 .022
Lymphocyte count 1 month after RT (mm3) 910 + 119 1788 £ 171 <.0001
Platelet count 1 month after RT (mm3) 199,445 + 10,793 245,602 + 8662 .0015
Creatinine level 1 month after RT (umol/L) 159 + 13 119+3 .014
Creatinine clearance 1 month after RT (mL/min) 53+3 65+ 2 .0002
Hemoglobin 3 months after RT (g/dL) 12.22 +0.22 13.25+0.17 .0015
WBCC 3 months after RT (mm3) 6862 + 415 7903 + 393 .034
Lymphocyte count 3 months after RT (mm3) 1978+ 106 1765 + 138 <.0001
Hemoglobin 6 months after RT (g/dL) 12.99 +0.19 13.51+0.19 .0155
Platelet count 6 months after RT (mm3) 210,264 + 9,843 238,197 + 7198 .0203
WBCC 1 year after RT (mm3) 6813 + 389 7795 + 275 .0034
PMN cell count 1 year after RT (mm3) 4518 + 303 5218 + 234 .01

RT, Renal transplantation; PRA, panel reactive antibodies; MMF, mycophenolate mofetil; EC-MPS,
enteric-coated mycophenolate sodium; Ab, antibodies; moAb, monoclonal antibodies; CMYV,
Cytomegalovirus; WBCC, white blood-cell count; PMN, polymorphonuclear.

*Univariate analysis.
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Discussion

MME the first formulation of MPA, dramatically
decreases the rate of acute rejection after renal trans-
plantation [1,3,13] and has been found to have a
beneficial effect on chronic allograft dysfunction [4-
6]. However, the characteristic adverse effects
produced by MME, which include hematologic
abnormalities, gastrointestinal disorders, and CMV
infection, often result in DR during treatment. It has
been shown that MPA DR after kidney transplanta-
tion increases the risk of acute rejection and decreas-
es renal allograft survival. In a retrospective study,
Knoll and colleagues showed that the risk of acute
rejection is increased by 4% for every week that an
MMEF dose of < 2 g/d is given [9]. In another retro-
spective study, Pelletier and colleagues [10] found
that the incidence of acute rejection was significantly
higher in patients who underwent a DR in MMF
than in those who whose MMF regimen was not
modified (23.3% vs 3.7%, respectively; P < .0001).
This resulted in a reduced rate of graft survival by 3
years after transplantation (76.3% vs 88.3%; P =
.003) [10]. More recently, Glander and colleagues
have shown that MMF DR was an independent
factor in acute rejection after kidney transplantation
(OR = 4.64 [1.61-13.38]) [14]. In our study, only 3
episodes (5.6%) of acute rejection occurred after
MMF DM. To our knowledge, our results are the
first to show that patients who underwent a DM of
MPA during the first year after transplantation
exhibited a serum creatinine level that was signifi-
cantly higher and a creatinine clearance that was
significantly lower 1, 3, 6, and 12 months after trans-
plantation than did those patients who received a
fixed dose. After the exclusion of patients with a
creatinine clearance of < 60 mL/min 1 month after
transplantation, a significant impairment of renal
function was observed in patients who experienced
an MPA DM, a finding that eliminated the patients
who were intolerant of MPA or had initial impaired
renal function. By means of multivariate analysis,
we found that, in addition to the donor’s age and
creatinine clearance, a lower dose of MPA 1 year
after transplantation, when compared with the
initial MPA dose after transplantation, was an inde-
pendent factor for decreased renal function 1 year
after transplantation. The decrease in the MPA
dosage might be the cause of the subclinical or
borderline acute rejection that occurred gradually
after renal transplantation. Further studies involv-
ing protocol transplant biopsies are necessary to
explain the negative impact of MPA DR on renal
function.

Exp Clin Transplant

In the literature, MMF DMs occurred in up to 70%
of renal transplant patients [9-11,14], and about 32%
of renal transplant patients treated with EC-MPS
experienced a DM in their treatment with that agent
[15, 16]. In our study, DM occurred in 43.8% of
patients. According to previous reports, hematologic
abnormalities are the primary cause of MPA DMs.
Interestingly, posttransplant anemia, which is a rarely
reported cause of MPA DM, was the reason for DM in
21.6% of the patients in our study. Infection, including
that caused by CMV, was another reason for DM. In
addition, in our study, MPA DM rates associated with
gastrointestinal disorders were lower than those in
earlier reports [9-11,14], perhaps because of our strat-
egy in managing patients with gastrointestinal symp-
toms [17].

We identified a number of independent predictive
factors for MPA DM during the first year after trans-
plantation: the concomitant administration of
immunosuppression therapies, pretransplant factors,
and CMV infection. Of those, sirolimus therapy was
the most powerful independent factor for MPA DM
within the first posttransplant year. Like other inves-
tigators, we had previously demonstrated that
sirolimus therapy is a prognostic factor for posttrans-
plant anemia during the first posttransplant year [18,
19]. Because more than 20% of the MPA DMs in this
study were made as a result of anemia in the patient,
it is not surprising that sirolimus therapy is associat-
ed with MPA DM. Sirolimus also induces leucopenia
and thrombocytopenia. Because of the increased risk
of myelotoxicity in patients receiving both MPA and
sirolimus and as a result of the pharmacokinetic inter-
action between those drugs, it has been suggested
that lower doses of MMF might be used with
sirolimus [20]. As has been recently described [21],
our patients were already receiving 1.5 g/d of MMF
in addition to sirolimus. Finally, to manage any
adverse effects in the patients studied, we reduced the
dose of sirolimus as well as that of MPA to lower the
trough level of those drugs. Therefore, the pharmaco-
kinetic and pharmacodynamic monitoring of both
drugs might be extremely useful in preventing
adverse effects in patients receiving that immunosup-
pressive drug combination.

CMV-positive viremia was also found to be
predictive of MPA DM. A similar finding was
reported in a large register study from the United
States Renal Data System [11]. In patients with
CMV-positive viremia, it seems logical to reduce the
MMEF dose because of reports that mildly sympto-
matic CMV infection can be managed effectively by
MMF DR or withdrawal [22]. Hong and Kahan
failed to find an association between pretransplant
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demographic or laboratory data and the risk of
posttransplant hematologic complications [23].
More recently, Glander and colleagues found that
patients who required a reduction in the MMF dose
during follow-up had significantly less pretrans-
plant inosine monophosphate dehydrogenase activ-
ity than did those whose MMF dose was not
reduced [14]. In our study, a low lymphocyte count
was an independent factor associated with MPA DR
12 months after transplantation.

The main limitation of our retrospective study is
the absence of MPA therapeutic drug monitoring.
Indeed, the MPA AUC is significantly correlated
with the incidence of acute rejection [24-26]. In
contrast, the initial study by van Gelder and
colleagues showed that the MMF dose, rather than
the MPA trough level or the area under the curve, is
significantly related to the development of adverse
events that result in DR [24]. We concluded that
MPA DM has a negative impact on renal allograft
function 1 year after transplantation.
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