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Abstract

To evaluate the safety and efficacy of weight-based mycophenolate mofetil (MMF) dosing
in adult kidney transplant recipients (KTR), this single-center retrospective study of adult KTR
compared biopsy-proven acute rejection (BPAR), infections, hospitalizations, granulocyte colony-
stimulating factor (G-CSF) use, and MMF dose changes within one year of transplant pre-and
post-implementation of a weight-based MMF dosing protocol. Adult patients who received a kidney
transplant at University Health Transplant Institute were reviewed for inclusion. Patients in the
weight-based MMF group received 1000 mg twice daily by the first clinic visit if = 80 kg, 750 mg
twice daily if 50-79 kg, and 500 mg twice daily if < 50 kg. Patients in the fixed-dose MMF group
received MMF 1000 mg twice daily. A total of 170 KTR (50.0% = 80 kg, 44.1% 50-79 kg, 5.9%
< 50 kg) were included. Baseline characteristics were similar between groups. The majority of
patients were middle-aged Hispanic males and received lymphocyte-depleting induction therapy.
Incidences of BPAR, infection, and hospitalization were similar between both groups at one-year
post-transplant. Weight-based MMF dosing is safe and effective in adult KTR.
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Introduction

Mycophenolate Mofetil (MMF) is an anti-proliferative
agent commonly used for maintenance immunosuppression
post-transplant.In2019,93% ofadult KTR in the United States
received MMF as part of their initial immunosuppression
regimen. The most common regimens currently are MMF,
tacrolimus, and a corticosteroid (65% of patients) followed
by MMF and tacrolimus (28% of patients) [1]. MMF is
recommended to be administered at a dose of 1,000 mg by
mouth twice daily for adult KTR [2]. In clinical practice, this
dose often needs to be decreased due to intolerance such as
gastrointestinal adverse effects and leukopenia [3-5].

MMF is a prodrug that is hydrolyzed to its active
metabolite Mycophenolic Acid (MPA) upon absorption. MPA
exposure has been demonstrated to correlate with MMF dose
per kilogram of total body weight [6]. This suggests that a
fixed dose of MMF may not be appropriate for all patients,
notably those who are under or over-weight. Therapeutic

https://doi.org/10.29328/journal.jcn.1001108

Curve; DGF: Delayed Graft Function; CMV:
Cytomegalovirus; EBV: Epstein Barr Virus;
ACR: Acute Cellular Rejection; AMR: Antibody-
Mediated Rejection

W) Check for updates

@ OPEN ACCESS

drug monitoring of MMF, primarily in combination with
cyclosporine, has demonstrated a target MPA area under
the curve (AUC) of > 30 mg-h/L is associated with decreased
incidence of biopsy-proven acute rejection (BPAR) and an
AUC of < 60 mg-h/L is associated with decreased leukopenia
[7,8]. It is important to note, however, that concomitant
cyclosporine use is associated with decreased MPA exposure
due to cyclosporine inhibiting the transport of MPA’s primary
metabolite, a pharmacologically inactive glucuronide (MPAG)
[8]. In clinical practice, therapeutic drug monitoring of MMF
is not routinely recommended due to the cost and time
required in addition to minimal evidence showing clinical
benefit [9].
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Pharmacokinetic studies have investigated the dose of
MMF (based on body weight) needed to achieve therapeutic
concentrations. A 2007 study measured multiple MPA serum
concentrations in 53 Asian KTR receiving cyclosporine and
corticosteroid in addition to MMF immunosuppression.
The study found that an MMF dose of 12 mg/kg twice
daily using total body weight could be used to achieve an
MPA AUC of 45 mg-h/L [6]. Another study measured MPA
serum concentrations in 43 Japanese KTR that a dose of 10-
16 mg/kg twice daily could predict a mycophenolate AUC
of 30 - 60 mg-h/l with a probability of 75% [10]. Neither
pharmacokinetic study analyzed clinical outcomes such
as cytopenia and gastrointestinal adverse effects. Further
reports suggest that doses less than 2000 mg/day may be
better tolerated with no change in efficacy. A prospective
Iranian study compared 22 KTR receiving reduced-dose
MMF to 33 patients receiving fixed-dose MMF, evaluating
allograft rejection rates and impaired allograft function rates.
There were no significant differences in these outcomes
between the two groups [11]. The Opticept trial post hoc
weight analysis found an inverse relationship between MPA
AUC and weight. Notably, the patients included in this study
received tacrolimus with MMF. These authors concluded
that patients at weight extremes may be at risk of under
or overimmunosuppression with fixed-dose MMF [12].
Pharmacokinetic data have demonstrated what weight-
based MMF doses can achieve goal AUC and that fixed-dose
MMF may not be appropriate for all patients. Additionally,
clinical data have produced mixed results about the safety of
reducing MMF doses due to adverse effects. There is a lack
of data reporting clinical outcomes associated with weight-
based MMF dosing initially post-transplant.

This study sought to evaluate outcomes associated with
the transition from an MMF fixed-dose protocol to a weight-
based dosing protocol that has been used by University
Health Transplant Institute since August 30, 2018. Outcomes
from KTR who received weight-based MMF were compared
to a historical cohort of KTR immediately prior to protocol
implementation who received fixed-dose MMF.

Methods
Patient sample

All patients > 18 years of age who received a kidney
transplant at UTC between June 28, 2016, and May 1, 2020,
were evaluated for inclusion in the study. Exclusion criteria
included delayed graft function (DGF; dialysis required
within seven days of transplant [13]), slow graft function
(SGF; 24-hour urine output < 500 mL by postoperative day
2), non-lymphocyte induction therapy, Black race, previous
transplant, and multi-organ transplant. All exclusion criteria
match exclusion criteria for the center’s current weight-based
MMF protocol to ensure similar baseline characteristics
between the weight-based and fixed-dose MMF cohorts.
Additionally, patients who received MMF doses that did not
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match the institutional protocol were excluded from the
study. Patients were included in either a weight-based or
fixed-dose MMF cohort based on their dose at discharge from
index admission.

Immunosuppression

The patient received induction immunosuppression with
either alemtuzumab 30 mg intraoperatively or rabbit anti-
thymocyte globulin (rATG) cumulative weight-adjusted dose
of 4.5 mg/kg per institutional protocol. Patients considered
to have high immunologic risk (pre-formed donor-specific
antibody or DSA, repeatkidney transplant, Blackrace, positive
cross-match, or inflammatory glomerulonephritis) received
rATG. Patients considered to have standard immunologic
risk (non-HLA identical, highly sensitized with no DSA,
repeat kidney transplant with no DSA, or noninflammatory
glomerulonephritis) received alemtuzumab. Those at low
immunologic risk (not sensitized, no pre-formed DSA, 270
years of age) received basiliximab induction and were
not included in this study. Percenter protocol, patients
receive maintenance immunosuppression indefinitely with
tacrolimus (goal trough 8-12 ng/mL for three months after
transplant, 6 - 8 ng/mL for months 4 - 12 post-transplant,
and 4 - 6 ng/mL for the time greater than one-year post-
transplant), prednisone tapered to 5 mg by Postoperative
Day (POD) 5 and MMF post kidney transplant. Immediately
post-transplant, all patients in the study received MMF 1000
mg PO BID until the day of discharge. On the day of discharge,
patients in the weight-based cohort had MMF doses adjusted
as follows: those weighing greater than or equal to 80 kg
received 1000 mg by mouth twice daily (BID), patients 50 to
79 kg received 750 mg by mouth BID, and patients weighing
less than 50 kg received 500 mg by mouth BID. This dosing
scheme is equivalent to patients receiving approximately
10 - 15 mg/kg/dose MMF. Patients in the fixed-dose cohort
all continued to receive MMF 1000 mg by mouth BID
upon discharge. All patients received surgical infection
prophylaxis, Pneumocystis jirovecii pneumonia prophylaxis
for 6 months, and serology-stratified cytomegalovirus
prophylaxis per institutional protocol (CMV high-risk
patients received valganciclovir 450 mg twice daily for 6
months, CMV moderate risk patients received valganciclovir
450 mg once daily for 3 months, and CMV low-risk patients
received acyclovir 400 mg twice daily for 3 months).

Outcomes

Outcomes evaluated include BPAR incidence, infection,
all-cause hospitalization, hospitalization reason, G-CSF use,
leukopenia, neutropenia, and MMF dose changes. BPAR
included Antibody-Mediated Rejection (AMR) or Acute
Cellular Rejection (ACR) with a Banff grade of 1A or greater.
Infection included any positive Cytomegalovirus (CMV) PCR,
Epstein Barr virus (EBV) PCR, BK virus plasma quantitative
test, stool PCR panel, viral panel, fungal serology, or bacterial
or fungal culture. Leukopenia was defined as a white blood
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cell count < 4000 cells/pL. Neutropenia was defined as
an Absolute Neutrophil Count (ANC) < 1500 cells/pL and
severe neutropenia was defined as an ANC < 500 cells/pL. All
outcomes were evaluated within one-year post-transplant.

Statistical analysis

Outcomes were analyzed via chi-square testing and two-
sided Fischer’s exact testing as appropriate for categorical
variables and Mann-Whitney U testing was used for
continuous variables. JMP 14 was used for statistical analysis.

This study was approved by the University of Texas Health
Science Center at San Antonio Institutional Review Board.

Results

Baseline characteristics

A total of 350 KTRs were reviewed for inclusion in the
study. After the exclusion of 180 KTR, a total of 170 were
included in the study. Exclusion reasons are shown in
Figure 1, with the most common being DGF status. Eighty-
five patients transplanted between August 31, 2018, and May
1, 2020, who received weight-based MMF were compared to
a retrospective cohort of 85 patients transplanted between
June 28, 2016, and August 30, 2018, who received MMF
1000 mg BID (fixed-dose). Patients in the fixed-dose group
tended to be slightly older (median age 51 years vs. 48
years; p = 0.04) and there were fewer patients considered
to be Public Health Service (PHS) high-risk among the fixed-
dose cohort than the weight-based MMF cohort (15.3% vs.
28.2%; p = 0.04). Otherwise, baseline characteristics were
similar between both cohorts and are described in Table 1.
Most patients were middle-aged (median 50 years) Hispanic
(63.5%) males (60.6%) and received rabbit anti-thymocyte
globulin (58.8%) for induction therapy.

5,

Outcomes

There were no significant differences in outcomes
between cohorts. Rates of BPAR within one year of
transplant were similar between groups with 12.9% in the
fixed-dose group and 15.3% in the weight-based group (p
= 0.66). Two patients who received fixed-dose MMF and
three who received weight-based MMF experienced ACR

Table 1: Baseline characteristics.

Fixed-dose | Weight-based
MMFN=85 MMFN=g85 P value
Male, n (%) 49 (57.7) 54 (63.5) 0.43
Age, median in years (IQR) 51 (45-59) 48 (38-56) 0.04
Ethnicity, n (%)
Hispanic white 53 (62.4) 55 (64.7) 018
Non-Hispanic white 32 (37.6) 27 (31.8)
Asian 0 (0) 3(3.5)
Donor type, n (%)
Living donor 34 (40.0) 41 (48.2) 0.28
Deceased donor 51 (60.0) 44 (57.6)
Etiology of kidney disease, n (%)*
Diabetes mellitus 37 (43.5) 41 (48.2) 0.54
Glomerular nephritis 24 (28.2) 24 (28.2) 1.00
Hypertension 21(24.7) 19 (22.4) 0.72
Other 4(4.7) 7(8.2) 0.35
Weight category, n (%)
<50 kg 3(3.5) 2(2.4) 0.54
50-79 kg 43 (50.6) 37 (43.5)
280 kg 39 (45.9) 46 (54.1)
Induction immunosuppression, n (%)
Alemtuzumab 33 (38.8) 37 (43.5) 0.53
Rabbit anti-thymocyte globulin 52 (61.2) 48 (56.5)
PHS, n (%)
High risk 13 (15.3) 24 (28.2) 004
Not high risk 72 (84.7) 61(71.8)
CMV risk, n (%)
Low (D-/R-) 9(10.6) 4(4.7) 0.24
Moderate (R+) 60 (70.6) 59 (69.4)
High (D+/R-) 16 (18.8) 22 (25.9)

350 adult KTR

Fixed-dose MMF protocol
(prior to Aug 30, 2018)

Weight-based MMF protocol
(after Aug 30, 2018)

87 patients excluded

9 Black race

15 basiliximab induction
17 retransplant

30 DGF

4 SGF

12 protocol deviations

v

93 patients excluded
e 10 Black race
3 basiliximab induction
1 multi-organ transplant
18 retransplant
42 DGF
6 SGF
13 protocol deviations

v

85 patients included who received
MMF per fixed-dose protocol
(Jun 28, 2016 - Aug 30, 2018)

85 patients included who received
MMF per weight-based protocol
(Aug 31, 2018 - May 1, 2020)

Figure 1: Flow diagram. This diagram describes the study population. A total of 350 adult KTRs were reviewed for inclusion. Among patients

transplanted prior to August 30, 2018 (fixed-dose MMF protocol), a total of 87 patients were excluded. Among patients transplanted after August 30,

2018 (weight-based MMF protocol), a total of 93 patients were excluded.
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with a Banff grade of 2. Similarly, there was no difference
in the incidence of any infection within one year (76.5% vs.
83.5%; p = 0.25). There were also no significant differences
in incidences of different types of infections (CMV, EBV,
BK viremia, Hepatitis C, bacteriuria, bacterial pneumonia,
bacteremia, fungal pneumonia, fungemia, or Clostridioides
difficile). Myelotoxicity was similar between groups. Of note,
there were six incidences of Hepatitis C in the weight-based
group, likely due to a change in center practice at that time
to accept HCV-positive donors. While there were numerically
more incidences of severe neutropenia in the fixed-dose MMF
group, this difference was not statistically significant (14.1%
vs. 8.2%; p = 0.22). G-CSF use was similar between groups
(23.5% vs. 17.6%, p = 0.34). Rates of all-cause hospitalization
within one year were also similar (55.3% vs. 48.2%;
p=0.36). When reviewing hospitalization reasons, there were
numerically more incidences of hospitalization associated
with GI ADEs in the fixed-dose MMF group (10.6% vs. 3.5%;
p = 0.08). Rates of MMF dose decreases were numerically
greater among those patients in the fixed-dose cohort,
although this difference was not statistically significant
(83.5% vs. 71.7%; p = 0.10). Complete outcomes are shown
in Table 2.

Table 2: Outcomes at 1-year post-transplant.

5

A subgroup analysis was conducted to assess outcomes
among patients weighing <80 kg as these patients received
decreased doses of MMF per the weight-based protocol.
Among this subgroup analysis, there were no significant
differences in outcomes between patients who received
reduced-dose MMF per the weight-based protocol and those
who received fixed-dose MMF. Rates of BPAR remained
similar between cohorts (13.0% vs. 15.4%; p = 0.77), as did
the incidence of infection (73.9% vs. 82.1%; p = 0.37) and
hospitalization (52.2% vs. 43.6%; p = 0.43). In this subgroup
analysis, there were significantly fewer MMF dose decreases
required in the weight-based MMF cohort (59.0% vs. 84.8%);
p =0.01). Three patients in the weight-based cohort had their
MMF dose increased due to rejection. All patients survived
one-year post-transplant. Only one patient experienced
graft loss in this study. This individual was in the weight-
based cohort but was >80 kg so received MMF 1000 mg
BID. All patients reviewed in this study were alive at 1 year
post-transplant. Additional outcomes are shown in Table 3.
Among patients >65 years of age, 11 out of 13 required a

Table 3: Outcomes at 1-year post-transplant among patients weighing < 80 kg.

Fixed-dose MMF, Weight-based MMF,
n (%) N =39

p - value

n (%) N = 46

F'x:((’o}?: ":“gg'":’ M.\‘Zv.f 'ﬂ'};gaﬁidss p -value BPAR 6 (13.0) 6 (15.4) 0.77
BPAR 11(12.9) 13 (15.3) 0.66 AMR 122) 2(5.1) 0.59
AMR 142 2@ 037 ACR 6 (13.0) 6 (15.4) 0.77
ACR 11(12.9) 11(12.9) 1.00 1A 2(4.3) 3(7.7) 0.66

1A 4(47) 5(5.9) 1.00 B 3(6.5) 2(5.1) 1
1B 5(59) 3(35) 072 A 0 128) 046

2A 1(12) 3(35) 1.00 2B 122 0 1
8 10.2) o 100 Any infection 34 (73.9) 32 (82.1) 0.37
Any infection 65 (76.5) 71 (83.5) 0.25 cmv 10 (21.7) 9(23.1) 1.00
cMV 20 (23.5) 23 (27.1) 0.72 EBV 0(0) 0(0) 1.00
EBY 00 T02) 1.00 BK 13 (28.3) 15 (38.5) 0.36
BK 29 (34.1) 32 (37.6) 0.75 HepC 00 0 0) 1.00
HepC 0(0) 6(7.1) 003 Bacteriuria 25 (54.3) 19 (48.7) 0.67
Bacteriuria 45 (52.9) 37 (43.5) 0.28 Bacterial pneumonia 1(2.2) 0(0) 1.00
Bacterial pneumonia 4(47) 4(47) 1.00 Bacteremia 6(13.0) 5(128) 1.00
Bacteremia 7(8.2) 10 (11.8) 0.61 Fungal pneumonia 0(0) 0(0) 1.00
Fungal pneumonia 2(2.4) 1(1.2) 1.00 Fungemia 0(0) 1(2.6) 046
Fungemia 0(0) 2(2.4) 0.50 Clostridioides difficile 2(4.3) 0(0) 0.50
Clostridioides difficile 6(71) 102) 012 Leukopenia (WBC <4) 34 (73.9) 27 (69.2) 0.63
Leukopenia (WBC < 4) 60 (70.6) 59 (69.4) 087 Neutropenia (ANC <1500) 16 (34.8) 14 (35.9) 0.91
Neutropenia (ANC < 1500) 28 (32.9) 33 (38.8) 0.42 neut'r\gg‘iizztm‘ege:fooo) 13 (28.3) 8 (20.5) 0.41
Moderat(eA;ee/ir:gg;)tropema 24 (28.2) 20 (23.5) 0.48 Sevg\('a\lgeggrgg)ema 5(10.9) 4(10.3) 1.00
Sev&ﬁg?gggf”'a 12 (14.1) 7(8.2) 0.22 G-CSF use 10 (21.7) 6 (15.4) 0.46
G-CSF use 20 (23.5) 15 (17.6) 0.34 MMF dose decrease 39 (84.8) 23 (59.0) 0.01
MMF dose decrease 71(83.5) 61 (71.7) 0.10 Due to GI ADEs 7(152) 5(128) 1.00
Due to Gl ADEs 10 (11.8) 14 (16.5) 0.51 Due to leukopenia 8(17.4) 8(20.5) 0.78
Due to leukopenia 22 (25.9) 21 (24.7) 1.00 Due to infection 15 (32.6) 10 (25.6) 0.63
Due to infection 29 (34.1) 24 (28.2) 051 Due to other/unknown 8(17.4) 0 0.01
Due to other/unknown 9.(10.6) 2(2.4) 0.06 MMF dose increase 0 3(77) 0.09
MVF dose increase 0 335) 025 Hospitalization 24 (52.2) 17 (43.6) 0.43
Hospitalization 47 (55.3) 41(48.2) 0.36 Af\iﬂiﬁfgﬂ‘i’:th 1(2.2) 2(5.1) 0.59

Associated with neutropenia 3(3.5) 3(3.5) 1.00 Associated with any 5

Associated with any infection 31 (36.5) 31 (36.5) 1.00 infection (34.8) 14 (35.9) 0.91
Associated with GI ADEs 9(10.6) 3(35) 0.08 Associated with G| ADEs 4(8.7) 2(5.1) 0.68
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dose decrease of MMF, most frequently (5 patients) due to
infection.

Discussion

There is currently a paucity of data on weight-based
approaches to dosing of MMF in KTR. A previously-
published abstract reported an increased incidence of BPAR
in high immunologic risk patients receiving low-dose of
mycophenolic acid relative to body weight (defined as < 20
mg/kg/day). These findings suggest that fixed doses without
regard to patient weight may be inappropriate and weight-
based approaches should be pursued [14]. Previous studies
have reported an increased incidence of acute rejection
when MMF doses were decreased due to protocol or adverse
effects [15]. Results from the present study support that
weight-based MMF dosing is safe and effective in a select
subgroup of KTR who are at moderate to high immunologic
risk and received lymphocyte-depleting induction therapy.
Patients who experience DGF or SGF, receive non-lymphocyte
induction therapy, are of black race, or have received a
previous transplant have been associated with a greater
risk of rejection [16-22]. These patients, as well as multi-
organ transplant recipients, are presently excluded from
the institution’s weight-based MMF protocol and thus these
results cannot be extrapolated to these populations.

To our knowledge, this is the first study to report clinical
outcomes associated with a weight-based MMF protocol
for KTR. Another strength of this study includes the large
Hispanic patient population, which has historically been
underrepresented in clinical trials. Previous reports of safety
with weight-based MMF post-transplant have come from
primarily Asian populations [5,6].

This study is limited by its retrospective nature. The
use of a retrospective cohort introduces the potential for
confounders. Despite this limitation, groups were well-
matched in baseline characteristics. The small sample size
when performing the subgroup analysis for those patients
weighing <80 kg, also limits the analysis and increases the
potential for type II error in the patient populations that a
decreased dose of MMF is most likely to benefit. Additionally,
the study was limited to one year of follow-up. As all patients
received lymphocyte-depleting induction therapy, an
extended follow-up may allow for a better analysis of long-
term outcomes impacted by MMF dosing such as rejection.
This study also did not assess for patient-reported adverse
effects, such as gastrointestinal adverse drug effects (GI
ADEs), that are frequently reported with MMF [23-26]. In
lieu of patient-reported adverse effects, MMF dose changes
and hospitalizations associated with GI ADEs were reported,
and no difference was found.

Conclusion

The results from this study demonstrate that a weight-
based approach to MMF dosing is likely safe for moderate
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to high immunologic risk KTR without additional risk
factors. There may be certain populations that could benefit
most from a decreased dose of MMF such as those with
a lower immunologic risk or older age, which need to be
further elucidated. Additional data are needed, ideally in a
prospective study with therapeutic drug monitoring while
assessing MMF-associated ADEs and BPAR, to determine the
best approach to MMF dosing post-kidney transplant.
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