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Kidney Transplantation

Safety and Efficacy of a Preemptive 
Mycophenolate Mofetil Dose Reduction Strategy 
in Kidney Transplant Recipients
Karim Yatim , MD,1,2,3 Ayman Al Jurdi, MD,1,2,3 Christopher El Mouhayyar, MD,2,3 Leela Morena, MD,1,3 
Frank E. Hullekes, MD,1,3 Ruchama Verhoeff, MD,1,3 Guilherme T. Ribas, MSc,1,3  
Daniel S. Pearson, MD, PhD,3,4 and Leonardo V. Riella , MD, PhD, FASN1,2,3

Background. There are no high-quality data to guide long-term mycophenolate mofetil (MMF) dosing in kidney trans-
plant recipients (KTRs) to balance the long-term risks of allograft rejection with that of infections and malignancy. At our 
center, KTRs are managed with either a “preemptive” dose reduction strategy, where the MMF dose is reduced after the 
first year before the development of adverse events, or with a “reactive” dosing strategy, where they are maintained on 
the same MMF dose and only reduced if they develop an adverse event. We hypothesized that a preemptive MMF dosing 
strategy after the first year of transplantation is associated with decreased infections without increasing alloimmune com-
plications. Methods. We conducted a retrospective cohort study of all KTRs receiving MMF from January 1, 2015, to 
December 31, 2020. The primary outcome was the incidence of infections requiring hospitalization. Results. One hun-
dred forty-two KTRs met the inclusion criteria, of whom 44 (31%) were in the preemptive group and 98 (69%) were in the 
reactive group. The median follow-up was 4 y (interquartile range, 3.8–4.0). Multivariable analysis showed that a preemptive 
MMF dose reduction strategy was associated with a lower risk of infections requiring hospitalization (adjusted hazard ratio = 
0.39; 95% confidence interval, 0.16-0.92). There was no difference in graft loss, rejection, or estimated glomerular filtration 
rate slope. Conclusions. Preemptive MMF dose reduction in KTRs may be an effective strategy to prevent infections 
without increasing the risk of allograft rejection. Randomized clinical trials are needed to confirm these findings. 

(Transplantation Direct 2024;10: e1697; doi: 10.1097/TXD.0000000000001697.) 

Long-term immunosuppression in kidney transplant recip-
ients (KTRs) is associated with risks of infection and 

malignancy.1 Using the minimum amount of immunosuppres-
sion needed to suppress alloimmune responses in KTRs is an 
attractive strategy to preserve allograft function and reduce 
infectious and malignant complications of immunosuppres-
sion. The combination of tacrolimus and mycophenolate 
mofetil (MMF), with or without steroids, is the maintenance 
immunosuppression regimen used in approximately 90% of 
adult KTRs.2 Although studies have evaluated optimal tac-
rolimus trough targets to prevent alloimmune responses (eg, 
de novo donor-specific anti-HLA antibody [DSA] forma-
tion),3 limited data exist on optimal MMF dosing and timing 
of dose reduction after transplantation to reduce posttrans-
plant infectious and malignant complications. MMF dosing 
strategies remain primarily empiric, with reactive adjustments 
to address over or under-immunosuppression. Attempts for 
therapeutic drug monitoring of MMF in solid organ trans-
plantation have been proposed but remain hindered by the 
pharmacokinetic profile of the drug, which is influenced by 
enterohepatic circulation, genetics, drug-drug interactions, 
albumin-bound fraction, and kidney and liver function.4-6 
Studies have proposed weight-based dosing of MMF because 
of more predictable pharmacodynamics, yet fixed dosing 
remains the adopted protocol at most transplant centers.7,8

This study aims to evaluate the outcomes of KTRs who, 
after the first year of transplant, had a preemptive decrease in 
MMF dosing (preemptive strategy), compared with those who 
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were maintained on their MMF dose and only reduced it if 
they ever developed complications of MMF (reactive strategy). 
We hypothesized that a preemptive MMF dosing strategy after 
the first year of transplantation is associated with decreased 
infections without increasing alloimmune complications.

MATERIALS AND METHODS

Study Design
This is a retrospective cohort study of all KTRs who 

received kidney allografts at Massachusetts General Hospital 
from January 1, 2015, to December 31, 2020, and were on 
MMF-based immunosuppression. Exclusion criteria included 
multiorgan transplant, history of previous solid organ or stem 
cell transplantation, cyclosporine use because of the inhibition 
of enterohepatic circulation of MMF resulting in reduced lev-
els,9,10 age less than 18 y at the time of transplantation, MMF 
dose reduction in the first year to a dose of <1500 mg/d, and 
being on an MMF-free regimen. KTRs were identified using 
the list of transplanted patients at the center and then each 
patient’s medical record was reviewed manually to ensure the 
accuracy of collected data and group assignment. The stand-
ard maintenance immunosuppression protocol of our center 
is described in Supplemental Methods (SDC, http://links.
lww.com/TXD/A695). In our study, patients received either 
mycophenolic acid or MMF. MMF doses are all expressed in 
MMF equivalents (ie, 180 mg of mycophenolic acid = 250 mg 
of MMF). Because there are no high-quality data to guide 
MMF dosing in KTRs after the first year, at our center, trans-
plant nephrologists use 1 of 2 MMF dose reduction strate-
gies. Some transplant nephrologists use a preemptive MMF 
dose reduction strategy where the MMF dose is reduced after 
the first year (typically by 500 mg, eg, from a total daily dose 
of 1500 mg to 1000 mg) to prevent long-term complications 
of immunosuppression. We only included MMF reductions 
with >2-wk duration to minimize the effects of transient dose 
changes. In contrast, others use a reactive MMF dose reduc-
tion where the MMF dose is maintained and only reduced in 
response to an adverse event (eg, infection, malignancy, leu-
kopenia, others). This study aims to evaluate the association 
between the 2 MMF dosing strategies with patient and allo-
graft outcomes after the first year of transplantation.

The primary efficacy outcome was infections requiring 
hospitalization, which was defined as any infection result-
ing in hospitalization during follow-up. Secondary efficacy 
outcomes included viral infections (including BKV, cyto-
megalovirus [CMV], and Epstein-Barr virus infections con-
firmed via polymerase chain reaction; urinary tract infections 
(UTIs) confirmed via urine cultures with bacterial or fungal 
growth exceeding 100 000 colony-forming units; and SARS-
CoV-2 infection confirmed via nasopharyngeal polymerase 
chain reaction or viral antigen testing; and radiographically 
confirmed pneumonia) and malignancies. Safety outcomes 
included death, allograft loss, biopsy-proven rejection, de 
novo DSA development, and estimated glomerular filtration 
rate slope. Reports of DSA with a mean fluorescence inten-
sity below our center’s positive cutoff (≤1000) or in the set-
ting of a high nonspecific background signal deemed to be 
not clinically significant were considered negative for DSA. 
The study was approved by the Mass General Brigham 
institutional review board (protocol No.: 2019P002526). 
Data are reported in compliance with the Strengthening the 

Reporting of Observational Studies in Epidemiology report-
ing guidelines.

Statistical Analysis
Differences between continuous variables in the 2 groups 

were assessed using an unpaired t test (normal distribu-
tion) or a Wilcoxon rank-sum test (nonnormal distribution). 
Differences between categorical variables were assessed using 
a chi-square test or Fisher exact test, as appropriate. The inci-
dence of outcomes was estimated using Kaplan-Meier analy-
sis, and differences were assessed using the log-rank test. Our 
initial follow-up duration was set to 5 y posttransplantation. 
However, because of high attrition rates after 4 y of follow-
up, individuals were censored either at their last follow-up or 
at 4 y, whichever occurred earlier. Cox regression was used 
to assess associations between potential risk factors and out-
comes for analyses where the proportional hazards assump-
tion was met. Multivariable Cox regression was then used 
to adjust for possible confounding variables. The number of 
categorical variables included in the multivariable model was 
limited to prevent model overfitting. Induction immunosup-
pression was not included in the multivariable model as the 
model then did not meet the proportional hazards assumption. 
For all survival and Cox regression analyses, events occur-
ring in the MMF reduction group were included whether or 
not they preceded MMF reduction to (1) reduce the risk of 
immortal time bias11 and (2) to not bias our findings as we 
expected some reduction events in the reactive group to be 
in response to infections. Prism version 9.5.1 and SPSS ver-
sion 24 were used for figure creation and statistical analysis, 
respectively.

RESULTS

Patient Characteristics
We screened all KTRs at our center between January 1, 

2015, and December 31, 2020 (n = 821). One hundred forty-
two KTRs met the inclusion criteria for the study (Table 1; 
Figure S1, SDC, http://links.lww.com/TXD/A695). The 
median age was 50.5 y (interquartile range [IQR], 38.3–61.0), 
35.2% were women, and glomerular diseases were the most 
common cause of end-stage kidney disease. Living donor 
transplants were received by 46.5% of patients, the median 
number of HLA-ABDR antigen mismatches was 4 (IQR, 3–5), 
and pretransplant DSAs developed in 4.2% of patients. For 
induction immunosuppression, 121 (85.2%) received antithy-
mocyte globulin, 18 (12.7%) received only basiliximab, and 
3 (2.1%) received no antibody induction. For maintenance 
immunosuppression, 119 (83.8%) received tacrolimus, 23 
(16.2%) received belatacept, and 112 (78.9%) received pred-
nisone. The remaining baseline characteristics of the study 
cohort are shown in Table S1 (SDC, http://links.lww.com/
TXD/A695. Tacrolimus trough level means and coefficients of 
variation are shown in Table S2 (SDC, http://links.lww.com/
TXD/A695. At 1 y posttransplant, 18 (12.7%) were on a total 
daily dose of 2000 mg of MMF, whereas the remaining 124 
(87.3%) were on a total daily dose of 1500 mg of MMF.

The median follow-up after transplantation was 4.0 y (IQR, 
3.8–4.0 y). During years 2–4 after transplantation, 33 KTRs 
(23.2%) developed infections requiring hospitalization (Figure 
S2A, SDC, http://links.lww.com/TXD/A695). With regards to 
the prespecified viral infections, 5 developed BK viremia, 1 
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developed CMV viremia, and 2 developed Epstein-Barr virus 
viremia (Table S3, SDC, http://links.lww.com/TXD/A695). 
During follow-up, 13 KTRs (9.2%) developed 13 malignancies 
(Figure S2B and Table S4, SDC, http://links.lww.com/TXD/
A695). DSAs were checked in 59 KTRs after the first year of 
transplantation, of whom 6 developed de novo DSAs. Death-
censored graft loss developed in 4 KTRs (Figure S2C and 
Table S5, SDC, http://links.lww.com/TXD/A695) and allograft 
rejection occurred in 8 KTRs (Figure S2D, SDC, http://links.
lww.com/TXD/A695). One death occurred during follow-up 
(Figure S2E, SDC, http://links.lww.com/TXD/A695).

MMF Dose Reduction
During follow-up, the MMF dose was reduced preemp-

tively in 44 KTRs (31%) with a median time to first MMF 
dose reduction of 1.7 y (IQR, 1.2–2.9) after transplant. The 
MMF dose was reduced on average by 33% (±8.9%) from 
a median of 1500 mg (IQR, 1500–1500) to a median of 
1000 mg (IQR, 1000–1250). Among the remaining 98 KTRs 
(69%) in the reactive dose reduction group, 47 KTRs (33%) 
were maintained on the same MMF dose until the end of 
follow-up, whereas the dose was reduced in 51 KTRs (36%) 
in response to infectious, malignant, or other complications 
(Table 2). The cumulative exposure to MMF, represented by 
the average dose during the study, was lower in the preemp-
tive versus reactive dosing group, respectively (952 ± 151 ver-
sus 992 ± 219 mg). The median MMF dose at the end of the 
follow-up was lower in the preemptive dosing strategy group 
1000 mg (IQR, 1000–1000), when compared with the reac-
tive dosing group 1500 mg (IQR, 1000–1500). The 2 groups 

had similar sex distributions, race distributions, HLA-ABDR 
antigen mismatches, the proportion of individuals with pre-
transplant DSAs, and induction immunosuppression regimens 
(P > 0.05 for all). The main difference between the groups 
was the younger age in the reactive strategy group (median 
age of 48.9 versus 57.5 y, a difference of –8.6; 95% confi-
dence interval [CI], –12.0 to –1.5; P = 0.015). With regards 
to maintenance immunosuppression, there was no differ-
ence in the proportion of KTRs on prednisone maintenance 
(P = 0.307) or belatacept versus tacrolimus maintenance 
(P = 0.295). However, a higher proportion of KTRs in the 
reactive group had belatacept conversion (P = 0.023) than de 
novo belatacept.

TABLE 1.

Baseline characteristics

Characteristic
Cohort

(N = 142) Reactive strategy cohort (N = 98) Preemptive strategy cohort (N = 44) P

Age at transplantation, median (IQR) 50.5 (38.3–61.0) 48.5 (34.3–48.5) 57.0 (45.8–64.3) 0.015a

Female, n (%) 50 (35.2) 32 (32.7) 18 (40.9) 0.446b

Race, n (%) 0.496b

  White 99 (69.7) 65 (66.3) 34 (77.3)
  Black 20 (14.1) 17 (17.3) 3 (6.8)
  Hispanic or Latino 13 (9.2) 9 (9.2) 4 (9.1)
  Asian 9 (6.3) 6 (6.1) 3 (6.8)
  Other 1 (0.7) 1 (1.0) –
Living donor transplant, n (%) 66 (46.5) 44 (44.9) 22 (50.0) 0.703b

Pretransplant DSA, n (%) 6 (4.2) 3 (3.1) 3 (6.8) 0.374c

PRA, median (range) 0 (0–99) 0 (0–99) 0 (0–95) 0.959a

HLA-ABDR mismatches, median (IQR) 4 (3–5) 4 (3–5) 4 (3–5) 0.920a

Induction immunosuppression, n (%) 0.151b

  Antithymocyte globulind 121 (85.2) 87 (88.8) 34 (77.3)
  Basiliximab 18 (12.7) 10 (10.2) 8 (18.2)
  None 3 (2.1) 1 (1.0) 2 (4.5)
Maintenance immunosuppression
  MMF dose, mg, median (IQR) 1500 (1500–1500) 1500 (1500–1500) 1500 (1500–1500) >0.999a

  Tacrolimus, n (%) 119 (83.8) 80 (81.6) 39 (88.6) 0.295b

  Belatacept (de novo), n (%) 7 (4.9) 3 (3.1) 4 (9.1) 0.209c

  Belatacept (conversion), n (%) 16 (11.3) 15 (15.3) 1 (2.3) 0.023b

  Prednisone, n (%) 112 (78.9) 75 (76.5) 37 (84.1) 0.307a

aStatistics by the Mann-Whitney U test.
bStatistics by the chi-square test.
cStatistics by the Fisher exact test
dIncludes 2 individuals who received antithymocyte globulin then were switched to basiliximab.
DSA, donor-specific antibody; IQR, interquartile range; MMF, mycophenolate mofetil; PRA, panel-reactive antibody.

TABLE 2.

Reasons for first mycophenolate mofetil dose change in 
the reactive strategy cohort

Reason for dose change Reactive strategy cohort (N = 98), n (%)

Other infections (nonviral) 15 (15.3)
SARS-CoV-2 infection 8 (8.2)
GI side effects 6 (6.1)
Cytopenia 4 (4.0)
BK polyomavirus infection 4 (4.0)
Cytomegalovirus infection 3 (3.0)
Other 4 (4.0)
Epstein-Barr virus infection 2 (2.0)
Malignancy 1 (1.0)
Multiple reasons 1 (1.0)

GI, gastrointestinal.
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Infectious Complications
To evaluate the association between MMF dosing strategies 

and infections, we compared the incidence of (1) respiratory 
infections (ie, pneumonia, SARS-CoV-2), (2) UTIs, and (3) 
infections requiring hospitalization in KTRs managed with 
preemptive versus reactive MMF dose reduction strategies.

We found a lower incidence of respiratory infections in 
KTRs managed with a preemptive compared with a reactive 
MMF dose reduction strategy (Figure 1A; log-rank P = 0.006). 
Univariable analysis showed that a preemptive MMF reduc-
tion strategy (unadjusted hazard ratio [HR] = 0.34; 95% CI, 
0.15-0.76; P = 0.008) and a higher absolute lymphocyte count 
(ALC; unadjusted HR = 0.50 per additional 1000 cells/μL; 
95% CI, 0.28-0.92; P = 0.024) were associated with a lower 
risk of respiratory infections (Figure 1B). Multivariable analysis 
showed that a preemptive MMF reduction strategy (adjusted 
HR = 0.21; 95% CI, 0.09-0.49; P < 0.001) and a higher ALC 
(adjusted HR = 0.49 per additional 1000 cells/μL; 95% CI, 
0.25-0.93; P = 0.028) were associated with a lower risk of res-
piratory infections, whereas prednisone maintenance was asso-
ciated with a higher risk of respiratory infections (adjusted HR 
= 2.36; 95% CI, 1.01-5.49; P = 0.046; Figure 1C).

Next, we evaluated UTIs and found no difference in the 
incidence of UTIs between KTRs managed with a preemp-
tive compared with a reactive MMF dose reduction strategy 
(Figure 2A; log-rank P = 0.986). Univariable analysis showed 
that older age at transplantation (unadjusted HR = 1.39 per 
10-y increase, 95% CI: 1.09-2.29, P = 0.016), a higher MMF 
dose at 12 mo (unadjusted HR = 1.85 per 250 mg increase; 
95% CI, 1.10-3.10; P = 0.020), and a higher weight-adjusted 
MMF dose (unadjusted HR = 1.12 per 1 mg/kg increase; 95% 
CI, 1.02-1.21; P = 0.012) were associated with a higher risk of 
UTIs (Figure 2B). Multivariable analysis was not performed 
because of the limited number of events.

When evaluating infections requiring hospitalization, there 
was no significant difference in their incidence between KTRs 
who had MMF dose reduction preemptively compared with 
those who did not (Figure 3A; log-rank P = 0.344). Univariable 
analysis (Figure 3B) showed no association between preemp-
tive MMF dose reduction and the risk of developing infections 
requiring hospitalization (unadjusted HR = 0.68; 95% CI, 
0.30-1.52; P = 0.347). Older age at transplantation (unad-
justed HR = 1.39 per 10-y increase; 95% CI, 1.06-1.82; 
P = 0.016) and higher MMF doses at 12 mo (unadjusted HR = 
1.68 per 250 mg increase; 95% CI, 1.13-2.52; P = 0.011) were 
associated with a higher risk of developing infections requiring 
hospitalization. To control for potential confounding variables, 
a multivariable model was created (Figure 3C), which showed 
that preemptive MMF dose reduction was associated with a 
lower risk of developing infections requiring hospitalization 
(adjusted HR = 0.39; 95% CI, 0.16-0.92; P = 0.032). Older 
age at transplantation (adjusted HR = 1.56 per 10-y increase; 
95% CI, 1.16-2.14; P = 0.004), higher MMF dose at 12 mo 
(adjusted HR = 2.07 per 250 mg increase; 95% CI, 1.35-3.16; 
P = 0.001), and lower ALC at 12 mo (adjusted HR = 0.52 per 
1000 additional cells/μL; 95% CI, 0.27-0.99; P = 0.049) were 
also associated with a higher risk developing infections requir-
ing hospitalization in the multivariable model.

Malignant and Alloimmune Complications
There was no difference in the incidence of malignancies 

in the preemptive versus reactive MMF reduction strategies 
(Figure 4A; log-rank P = 0.678; Table S4, SDC, http://links.

FIGURE 1. Respiratory infections in kidney transplant recipients analyzed 
by MMF dosing strategy. Kaplan-Meier survival curves (A), univariable 
Cox regression (B), and multivariable Cox regression (C) of the incidence 
of respiratory infections in kidney transplant recipients managed by a 
preemptive or reactive MMF dose reduction strategy (n = 142 for all). 
Statistics by log-rank test (A), univariable Cox regression (B), and multivariable 
Cox regression (C). aHR, adjusted hazard ratio; ALC, absolute lymphocyte 
count; ANC, absolute neutrophil count; ATG, antithymocyte globulin; BMI, 
body mass index; CI, confidence interval; MMF, mycophenolate mofetil; 
uHR, unadjusted HR; WBC, white blood cell.
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lww.com/TXD/A695). There was no difference in the inci-
dence of death-censored graft loss or rejection between the 
preemptive versus reactive MMF reduction groups (Figure 4B 
and C; log-rank P > 0.05 for all; Table S5, SDC, http://links.
lww.com/TXD/A695). There was also no difference in esti-
mated glomerular filtration rate slope during follow-up 
between the 2 groups (P = 0.189; Figure S3, SDC, http://links.
lww.com/TXD/A695). In the 6 KTRs with pretransplant DSA, 
none developed allograft rejection or loss during follow-up. 

FIGURE 2. Urinary tract infections in kidney transplant recipients 
analyzed by MMF dosing strategy. Kaplan-Meier survival curves (A) 
and univariable Cox regression (B) of the incidence of urinary tract 
infections in kidney transplant recipients managed by a preemptive 
or reactive MMF dose reduction strategy (n = 142 for all). Statistics 
by log-rank test (A) and univariable Cox regression (B). ALC, 
absolute lymphocyte count; ANC, absolute neutrophil count; ATG, 
antithymocyte globulin; BMI, body mass index; CI, confidence interval; 
MMF, mycophenolate mofetil; uHR, unadjusted hazard ratio; WBC, 
white blood cell.

FIGURE 3. Infections requiring hospitalization in kidney transplant 
recipients analyzed by MMF dosing strategy. Kaplan-Meier survival curves 
(A), univariable Cox regression (B), and multivariable Cox regression (C) of 
the incidence of infections requiring hospitalization in kidney transplant 
recipients managed by a preemptive or reactive MMF dose reduction 
strategy (n = 142 for all) Statistics by log-rank test (A), univariable Cox 
regression (B), and multivariable Cox regression (C). aHR, adjusted 
hazard ratio; ALC, absolute lymphocyte count; ANC, absolute neutrophil 
count; ATG, antithymocyte globulin; BMI, body mass index; MMF, 
mycophenolate mofetil; uHR, unadjusted HR; WBC, white blood cell.
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After the first year of transplantation, 6 KTRs developed 
de novo DSA (5 KTRs in the reactive versus 1 KTR in the 
preemptive MMF reduction group).

DISCUSSION

We hypothesized that a preemptive MMF dosing strategy 
after the first year of kidney transplantation is associated with 
a decrease in infections and no significant increase in allo-
graft rejection or graft failure. To the best of our knowledge, 
this is the first study to investigate the safety and efficacy of 
a preemptive versus reactive MMF dose reduction strategy in 
KTRs. We found that after the first year after kidney transplan-
tation, a preemptive MMF dose reduction strategy, compared 
with a reactive dose reduction strategy, was associated with a 
lower risk of developing both respiratory infections, specifi-
cally pneumonia and SARS-CoV-2, and infections requiring 
hospitalizations. There was no difference in the incidence of 
malignancy, allograft rejection, or death-censored graft loss. 
These findings suggest that a preemptive MMF dose reduc-
tion strategy in KTRs on contemporary immunosuppressive 
regimens may be safe from an alloimmune standpoint and 
beneficial with regard to preventing infectious complications 
of immunosuppression. These findings require confirmation 
in a randomized clinical trial.

Most published studies on MMF dosing and infectious 
outcomes did not investigate either the rationale or timing 
of MMF dose reduction or solely considered the initial post-
transplantation MMF dose. The heterogeneity of these studies 
has led to conflicting results and makes them difficult to com-
pare to our study. For example, a retrospective study evalu-
ating the first year posttransplantation showed that a lower 
initial posttransplant dose of MMF (1.5 versus 2 g/d) was 
associated with similar rates of admissions for infection at 12 
mo. However, both cohorts had a similar MMF dose at 12 
mo (1.5 g/d), decreasing the exposure time to a higher MMF 
dose in the higher MMF dose group. With regards to viral 
infection, the same study found that the initial MMF dose was 
associated with lower rates of BK viremia but similar rates of 
BK nephropathy and CMV viremia at 12 mo.12 In our study, 
the number of viral infections was too low to evaluate for 
differences in their incidence by MMF dosing strategy. The 
differences in findings regarding MMF dosing and the inci-
dence of infectious outcomes between our study and others 
may be because of differences in (1) MMF dosing protocols, 
(2) timing of MMF dose reduction, (3) duration of follow-up, 
and (4) cohort characteristics influencing the risk of infection 
(eg, age, induction immunosuppression protocols). Similar to 
our findings, that study showed that the total white blood 
cell count was not associated with an increased risk of infec-
tions. However, we found that a lower ALC at 12 mo was 
associated with a higher risk of infections requiring hospitali-
zation during years 2–4 posttransplant. Therefore, the ALC 
may be a better marker of the future risk of infection in KTRs 
on MMF-based immunosuppression compared with total 
white blood cell count. In the future, MMF dose reduction 
could potentially be guided by other biomarkers or patient 
characteristics. For example, MMF dose reduction might be 
informed by the degree of HLA mismatching as has been pre-
viously described for calcineurin inhibitors.13 Similarly, older 
recipients may benefit more from a preemptive dose reduction 

FIGURE 4. Malignant and alloimmune outcomes in kidney transplant 
recipients managed by a preemptive or reactive mycophenolate 
mofetil dose reduction strategy. Kaplan-Meier survival curves for 
malignancy (A), death-censored graft survival (B), and allograft 
rejection (C) in kidney transplant recipients managed by a preemptive 
or reactive mycophenolate mofetil dose reduction strategy (n = 142 for 
all). Statistics by the log-rank test.



© 2024 The Author(s). Published by Wolters Kluwer Health, Inc.  7Yatim et al

strategy relative to younger recipients because of a lower 
overall risk for rejection likely because of immunosenesence.14

In our study, the rates of incident malignancy were similar 
between the preemptive and reactive MMF dosing strategy 
groups. Nonmelanoma skin cancers were the most frequently 
diagnosed, as previously described posttransplantation.15-17 
However, the total number of cancer events was overall low. 
This is most likely multifactorial. First, we only considered his-
tologically confirmed cancer diagnoses in our electronic health 
record, leading to possible missed diagnoses, especially if KTRs 
received care outside our institution. Second, the relatively 
short duration of follow-up of 4 y was shorter than the time 
to diagnosis of both posttransplantation skin cancers (median 
4.9–6.0 y)2,16 and non–skin cancers (mean 4.2–15.2 y).18  
Third, our study lacked the statistical power to detect the pre-
viously described increased incidence of cancer with higher 
doses of MMF.1

In our study, a preemptive, as opposed to a reactive, MMF 
dose reduction strategy was associated with a similar risk of 
rejection and allograft loss. Our findings are consistent with 
that from another study in which a reduction of <50% in 
MMF dosing was not associated with an increased risk of 
allograft rejection.19 An important caveat is that KTRs in 
our cohort only had for-indication biopsies and only 42% 
had anti-HLA antibody testing after the first year of trans-
plantation; therefore, subclinical rejection could have been 
missed. An important confounder in our study is that 55% 
of KTRs (54/98) in the reactive MMF dosing group went 
on to have a reduction in MMF dosing by the end of the 
study. Consequently, the reduced MMF exposure potentially 
reduced differences in cumulative MMF exposure20 and dura-
tion of exposure to lower doses of MMF,21 both of which have 
been associated with increased allograft rejection. However, 
because of the small number of events, we were unable to 
perform subgroup analyses comparing individuals who never 
reduced their MMF dose to other subgroups.

The limitations of our study include (1) its retrospective 
observational study design, which only allows for associations 
between exposure and outcome variables to be made and is 
susceptible to confounding; (2) the inherent bias in the nonran-
domized, physician-driven, MMF dosing strategy where KTRs 
at high risk of adverse events related to immunosuppression 
may have been overly represented in the preemptive dose reduc-
tion group; (3) the small sample size and moderate duration 
follow-up, which may have underpowered our study to find 
differences in certain long-term outcomes such as malignancy 
and did not allow us to perform certain subgroup and multi-
variable analyses; (4) anti-HLA antibodies were not checked 
in all participants and, therefore, de novo DSA development 
could have been missed in some individuals; and (5) the under-
representation and exclusion of certain groups, such as KTRs 
with pretransplant DSA and multiorgan transplant recipients, 
respectively, to whom our findings cannot be extrapolated. 
Furthermore, our study excluded KTRs with MMF dose reduc-
tions in the first year posttransplantation, limiting the appli-
cability of our findings to all KTRs. However, we hypothesize 
that KTRs requiring MMF dose reduction, because of adverse 
events, during the first year posttransplantion when the risk of 
rejection is the highest represent a distinct, high-risk population 
that warrants further future investigations.

In summary, we found that a preemptive MMF dose reduc-
tion strategy after the first year in KTRs on MMF-based 
immunosuppression was associated with a lower risk of 

respiratory infections and infections requiring hospitalization 
and with similar malignancy and allograft outcomes. A rand-
omized controlled trial is needed to validate these findings and 
provide insight into long-term outcomes for different MMF 
dosing strategies. Prospective studies are also needed to find 
biomarkers to help guide which KTRs are likely to benefit 
versus not from MMF dose reduction.
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