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Mycophenolate Dose Reduction in  
Tacrolimus-based Regimens and Long-term 
Kidney Transplant Outcomes in Australia and 
New Zealand
Darren Lee , PhD,1,2 Kevan R. Polkinghorne, PhD,3,4,5,6 Helen Pilmore, PhD,7 and William R. Mulley, PhD3,6

Background. Mycophenolate dose reduction (MDR) is associated with acute rejection and transplant failure in kidney 
transplant recipients (KTRs). The optimal dose to prevent rejection and reduce complications remains poorly defined in 
tacrolimus-based regimens. Methods. We assessed adult KTRs from 2005 to 2017 initiated on mycophenolate mofetil 
2 g/d, tacrolimus, and prednisolone from the Australia and New Zealand Dialysis and Transplant Registry. KTRs with rejec-
tion within the first 30 d posttransplant were excluded. The primary outcome was time to first rejection between 30 d and 
2 y posttransplant. Mycophenolate dose was modeled as a time-varying covariate using Cox proportional hazards regres-
sion. Secondary outcomes included assessment of early MDR to <1.5 g/d within the first 6 mo posttransplant and subse-
quent patient and death-censored graft survival. Results. In the primary analysis, 3590 KTRs were included. Compared 
with mycophenolate dose of ≥2 g/d, both 1.0–<1.5 and <1 g/d were associated with an increased risk of rejection during 
the 2 y posttransplant (hazard ratio [HR] 1.67; 95% confidence interval [CI], 1.29-2.16; P < 0.001 and HR 2.06; 95% CI, 
1.36-3.13; P = 0.001, respectively) but not 1.5–<2 g/d (HR 1.20; 95% CI, 0.94-1.53; P = 0.14). Early MDR to <1.5 g/d 
occurred in 45.3% of KTRs and was an independent risk factor for death-censored graft failure (HR 1.32; 95% CI, 1.05-
1.66; P = 0.016) but not death (HR 1.18; 95% CI, 0.97-1.44; P = 0.10), during a median follow-up of 5.0 (interquartile range, 
2.6–8.5) y. Conclusions. Early MDR was a risk factor for subsequent rejection and graft failure in KTRs receiving con-
temporary tacrolimus-based regimens. 

(Transplantation Direct 2024;10: e1659; doi: 10.1097/TXD.0000000000001659.) 

After the publication of the ELITE-SYMPHONY study in 
2007,1 triple maintenance immunosuppression regimens 

comprising prednisolone, tacrolimus, and 2 g/d of mycophe-
nolate mofetil (MMF) became the standard of care for kidney 
transplant recipients (KTRs) in most jurisdictions.2,3 Although 
tacrolimus trough levels of <5 ng/mL are well established as 
a risk factor for developing de novo donor-specific antibod-
ies (DSAs) and rejection,4 contemporary data regarding the 
impact of mycophenolate dose reduction (MDR) in tacrolimus- 
based regimens on rejection and long-term patient and graft 
survival are conflicting.5-13 Possible explanations for these 
results include the assessment of a heterogenous group of 
KTRs initiated on various immunosuppression regimens with 
<3 y of follow-up, including studies from earlier eras with 
cyclosporine-based regimens5,6,14,15 or lower mycophenolate 
starting dose,7,8,10,11,13 neither of which reflecting the current 
standard of care. Given the wide interindividual mycophe-
nolic acid (MPA) pharmacokinetic variability, MPA exposure 
estimation might help determine the optimal mycophenolate 
dosing in KTRs.16 However, the optimal target concentrations 
in the maintenance phase of immunosuppression to minimize 
complications remain unclear.17,18 As a result, the minimum 
effective mycophenolate dose is not well defined.5,6,19

Reactive MDR is often necessary for the first year post-
transplant primarily due to hematological and gastrointes-
tinal toxicity as well as infective complications.6,8,19,20 In the 
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ELITE-Symphony study, despite the trial protocol recom-
mending the MMF dose to be maintained at 2 g/d throughout 
the study, the mean MMF dose at 12 and 36 mo were 1.531 
and 1.353 g/d, respectively,21 suggesting that maintaining a 
starting dose of 2 g/d may not be well tolerated. Alternatively, 
clinicians proactively reduced the MMF dose to avoid 
overimmunosuppression.

Using the binational, Australia and New Zealand Dialysis 
and Transplant (ANZDATA) Registry to examine a con-
temporary cohort of KTRs on tacrolimus-based regimens 
and mycophenolate starting dose of 2 g/d, we aimed to (a) 
assess whether lower mycophenolate doses were associated 
with an increased risk of rejection in the first 2 y posttrans-
plant, (b) identify the factors associated with early MDR 
within the first 6 mo posttransplant, and (c) compare the 
long-term patient and graft survival with or without early 
MDR. We hypothesized that early MDR was associated 
with an increased risk of subsequent rejection and graft fail-
ure in KTRs initiated on a contemporary tacrolimus-based 
regimen.

MATERIALS AND METHODS

Study Population
This is a retrospective observational cohort study. The 

ANZDATA registry collects data on consenting (>99%) 
patients receiving kidney replacement therapy in Australia 
and New Zealand (http://www.anzdata.org.au). Adult recip-
ients of kidney-only transplants performed between January 
1, 2005, and December 31, 2017, initiated on a daily MMF 
dose of 2 g/d (or an equivalent dose of mycophenolate 
sodium 1.44 g/d), tacrolimus, and prednisolone with at least 
a 12-mo follow-up, were eligible for inclusion. For the main 
cohort analysis, KTRs who experienced rejection, graft fail-
ure, or death within the first 30 d were excluded, as the first 
time point for reporting maintenance mycophenolate doses 
was 1 mo posttransplant (Figure S1, SDC, http://links.lww.
com/TXD/A665). KTRs with missing data on any of the 
covariates included in the main model were also excluded. 
For the early MDR analysis cohort, KTRs with any unre-
ported mycophenolate dose and no documented MDR 
(<1.5 g/d) within the first 6 mo were also excluded (Figure 
S1, SDC, http://links.lww.com/TXD/A665) because the pos-
sibility of early MDR could not be eliminated. The study 
was approved by the Eastern Health Office of Research and 
Ethics (LR20/046).

Primary Exposure
The primary exposure was time-varying mycophenolate 

dose, categorized into 5 groups: 2 g/d or more, 1.5–<2 g/d, 
1.0–<1.5 g/d, <1.0 g/d (but not 0 g/d), or discontinued (no 
mycophenolate, including those switched to an alternative 
agent). Total daily mycophenolate dose was collected at ini-
tiation, 1, 2, 3, 6, 12, and 24 mo posttransplant. For KTRs on 
mycophenolate sodium, the total daily dose was converted to 
the equivalent MMF dose (1.44 g/d equivalent to 2 g/d) for all 
analyses. Data were presented as “mycophenolate” dose for 
KTRs on either MMF or mycophenolate sodium.

Early MDR was defined as a mycophenolate dose either 
reduced to <1.5 g/d or discontinued (no mycophenolate, 
including those switching to an alternative agent) at any time 
point within the first 6 mo posttransplant.

Outcomes
The primary outcome of this study was time to first kid-

ney allograft rejection between 30 d and 2 y posttransplant. 
Secondary outcomes included death, overall and death-
censored graft failure, and kidney function. The estimated 
glomerular filtration rate (eGFR) was calculated using the 
Chronic Kidney Disease Epidemiology Collaboration 2009 
equation.22

Covariates
For all the analyses assessing time to first rejection, death-

censored graft failure, all-cause death, and risk factors for 
early MDR, covariates included were recipient age, recipi-
ent sex, dialysis duration, donor age, donor type, HLA mis-
matches, peak panel-reactive antibody (PRA) ≥80%, and 
delayed graft function (DGF).

Statistical Analysis
For baseline characteristics, continuous variables were pre-

sented as median (interquartile range [IQR]) unless otherwise 
specified, and comparisons between groups were performed 
using the 2-tailed Mann-Whitney U test. Categorical variables 
were presented as numbers (percentage of group) and com-
pared using Pearson chi-square tests.

To examine the effect of mycophenolate dose on the risk 
of subsequent rejection between 30 d and 2 y posttransplant, 
Cox proportional hazards regression analysis was used with 
the mycophenolate dose category considered as a time-varying  
covariate. Rejection episodes were attributed to the last 
reported mycophenolate dose before rejection. To assess the 
effect of early MDR on the risk of death-censored graft failure 
and death from 6 mo posttransplant, Cox regression analy-
sis was used. For all Cox models, the proportional hazards 
assumption was assessed graphically and by Schoenfeld resid-
uals and was not found to be violated. To examine for factors 
associated with early MDR, logistic regression was used. All 
models were adjusted for donor age, recipient age, and recipi-
ent sex because they were considered, a priori, as clinically 
relevant to rejection, early MDR, death-censored graft failure, 
and death. Dialysis duration, HLA mismatches, peak PRA, 
and DGF were covariates included in all multivariable mod-
els because they were associated with all outcomes assessed 
in the univariable analyses (P < 0.2). Other factors associated 
with the following individual outcomes in the univariable 
analyses were also included in the respective multivariable 
models: rejection (tacrolimus daily dose [per mg/kg increase]), 
early MDR (peripheral vascular disease, chronic lung disease, 
donor type, total ischemic time, T cell–depleting induction, 
cytomegalovirus donor positive recipient negative status, 
and transplant jurisdiction), death (coronary artery disease 
and cerebrovascular disease), and both death-censored graft 
failure and death (diabetes at transplant, peripheral vascular 
disease, chronic lung disease, smoking status, donor type, and 
rejection within 6 mo posttransplant).

The Kaplan-Meier method was used to estimate the unad-
justed rejection-free survival in the first 2 y posttransplant 
associated with each mycophenolate dose category, and the 
patient survival, overall graft survival, and death-censored 
graft survival beyond 6 mo posttransplant stratified by early 
MDR status within the first 6 mo. The eGFR gradients from 
6 mo to 10 y posttransplant were compared between KTRs 
with and without early MDR using a linear mixed model.

http://www.anzdata.org.au
http://links.lww.com/TXD/A665
http://links.lww.com/TXD/A665
http://links.lww.com/TXD/A665
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A P value of <0.05 was considered significant. Data analy-
sis was conducted using Stata version 17 (StataCorp, College 
Station, TX).

RESULTS

Baseline Characteristics and Dynamics of MDR
A total of 5724 incident adult KTRs with ≥12 mo of post-

transplant follow-up were identified in the ANZDATA reg-
istry. Of those, 1348 were excluded as the mycophenolate 
starting dose was not 2 g/d; 622 had rejection, graft failure, or 
death within the first 30 d; and 164 with missing data (Figure 
S1, SDC, http://links.lww.com/TXD/A665), leaving 3590 
KTRs in the primary outcome analysis. Table 1 shows the 
baseline characteristics of the cohort. The median age was 52 
(IQR, 41–60) y. A living donor kidney transplant was received 
by 30.9% of patients. A peak PRA of ≥80% was found in 
5.4% of patients, and T cell–depleting agents for induction 
were received by 4.4% of patients.

Figure 1 illustrates the mycophenolate dose changes dur-
ing the 2-y posttransplant period. The proportion of KTRs 
remaining on ≥2 g/d (which included 0.6%–1.6% on >2 g/d 
of the ≥2 g/d group and 0.1%–1.1% on >2 g/d of the entire 
cohort) decreased from 72% at 1 mo to 47% at 3 mo, 34% 
at 6 mo, and 17% at 2 y posttransplant. In contrast, the pro-
portion of 1–<1.5 g/d increased from 4% at 1 mo to 36% at 
2 y. Although the percentage of KTRs on 1.5–<2 g/d remained 
static during the 2-y period, there was a noticeable move-
ment from ≥2 to 1.5–<2 g/d and from 1.5–<2 to 1–<1.5 g/d 
at each time point. In contrast, those reduced to 1–<1.5 g/d 
were unlikely to subsequently increase their dose. At 2 y, 13% 
of KTRs were no longer on mycophenolate. The majority of 
KTRs who discontinued mycophenolate remained off the 
medication (Figure 1). Figure S2 (SDC, http://links.lww.com/
TXD/A665) shows that for those who discontinued mycophe-
nolate within the first 6 mo, a switch to azathioprine was most 
common, with only a minority returning to the starting triple 
immunosuppression regimen of mycophenolate, tacrolimus, 
and prednisolone.

Mycophenolate Dose and Risk of Rejection
The risk of rejection increased in a dose-dependent manner 

as the total mycophenolate dose reduced such that those tak-
ing <1 g/d had double the risk of rejection compared with the 
≥2 g/d group (hazard ratio [HR] 2.06; 95% confidence inter-
val [CI], 1.36-3.13; P = 0.001; Table 2; Figure 2). There was 
no significant increase in the rejection risk for 1.5–<2 g/d (HR 
1.20; 95% CI, 0.94-1.53; P = 0.14). Those who completely 
ceased mycophenolate also had a higher risk of rejection; 
however, this was not significantly different after multivariate 
adjustment (HR 1.45; 95% CI, 0.93-2.23; P = 0.10).

Factors Associated With Early MDR (<1.5 g/d) Within 
6 mo Posttransplant

After excluding 101 KTRs with any unreported data 
on mycophenolate dose at 1, 2, 3, or 6 mo and no docu-
mented MDR at any of these time points, 3489 KTRs were 
included in the early MDR analysis cohort (Figure S1, SDC, 
http://links.lww.com/TXD/A665). Overall, 45.3% of the 
cohort had an early MDR in the first 6 mo posttransplant. 
Table S1 (SDC, http://links.lww.com/TXD/A665) shows the 
baseline characteristics stratified by MDR status. Factors 

independently associated with an increased likelihood of 
an early MDR included increasing recipient age (OR 1.06 
per 10 y increase; 95% CI, 1.00-1.13; P = 0.045), increasing 
donor age (OR 1.08 per 10 y increase; 95% CI, 1.03-1.13; 
P = 0.003), the use of T cell–depleting induction therapy (OR 
1.74; 95% CI, 1.22-2.47; P = 0.002), and DGF (OR 1.69; 
95% CI, 1.40-2.03; P < 0.001; Table 3). Compared with 
the overall early MDR rate in the cohort (45.3%), those 

TABLE 1.

Baseline characteristics of kidney transplant recipients 
(N = 3590)

Characteristics

Recipient characteristics at transplant
  Age, y 52 (41–60)
  Female 1399 (39.0%)
  BMI, kg/m2 25.8 (22.5–29.7)
  Diabetes 683 (19.0%)
  Coronary artery disease 558 (15.5%)
  Cerebrovascular disease 167 (4.7%)
  Peripheral vascular disease 226 (6.3%)
  Chronic lung disease 205 (5.7%)
  Dialysis duration, y 2.4 (0.9–4.5)
Primary kidney disease
  Diabetic nephropathy 456 (12.7%)
   Glomerulonephritis 1534 (42.7%)
   Hypertension 224 (6.2%)
   Polycystic kidney disease 516 (14.4%)
   Reflux nephropathy 309 (8.6%)
   Others or uncertain 551 (15.3%)
Transplant center jurisdiction
  New South Wales 1060 (29.5%)
  Victoria and Tasmania 1352 (37.6%)
  Queensland 231 (6.4%)
  South Australia and the Northern Territory 420 (11.7%)
  Western Australia 264 (7.4%)
  New Zealand 263 (7.3%)
Donor characteristics
  Age, y 50 (39–60)
  Female 1743 (48.6%)
Donor type
  Donation after circulatory death 572 (15.9%)
  Donation after brain death 1910 (53.2%)
  Living donor 1108 (30.9%)
HLA A-B-DR mismatches
  0 188 (5.2%)
  1 279 (7.8%)
  2 737 (20.5%)
  3 620 (17.3%)
  4 569 (15.8%)
  5 771 (21.5%)
  6 426 (11.9%)
Peak PRA, %, median (IQR) 0 (0–7)
  PRA ≥80%, 194 (5.4%)
Repeat transplant 459 (12.8%)
Total ischemic time, h 9 (4-13)
Delayed graft function 768 (21.4%)
T cell–depleting induction 159 (4.4%)
CMV D+R– status 409 (11.4%)

Continuous data are expressed as median (IQR); categorical data are expressed as n (%).
BMI, body mass index; CMV, cytomegalovirus; D+R–, donor positive recipient negative; IQR, inter-
quartile range; PRA, panel-reactive antibody.

http://links.lww.com/TXD/A665
http://links.lww.com/TXD/A665
http://links.lww.com/TXD/A665
http://links.lww.com/TXD/A665
http://links.lww.com/TXD/A665
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with transplants performed in Victoria/Tasmania and South 
Australia/the Northern Territory had higher adjusted odds of 
early MDR, whereas those performed in New South Wales 
and New Zealand were less likely to have a dose reduction 
(Table 3).

Long-term Patient and Graft Outcomes After Early 
MDR

Figure 3 compares the subsequent long-term outcomes 
of KTRs beyond 6 mo with or without early MDR within 
6 mo posttransplant. Over a median follow-up of 5.0 (IQR, 
2.6–8.5) y, patient survival (Figure 3A), overall graft survival 
(Figure 3B), and death-censored graft survival (Figure 3C) 
were all lower in the early MDR group (log-rank test P = 0.001, 
P = 0.0007, and P = 0.03, respectively). No significant differ-
ence was identified in the cause of death or death-censored 
graft failure with or without early MDR (Table S2, SDC, 

http://links.lww.com/TXD/A665). In the multivariable mod-
els (Tables S3, S5, and S6, SDC, http://links.lww.com/TXD/
A665), MDR remained an independent risk factor for death-
censored graft loss (HR 1.32; 95% CI, 1.05-1.66; P = 0.016) 
but not for death (HR 1.18; 95% CI, 0.97-1.44; P = 0.10). 
There was no difference in the eGFR gradients from 6 mo 
to 10 y posttransplant in KTRs with or without early MDR 
(linear mixed model: P = 0.418; Figure 3D). The mean eGFR 
was 54.4 ± 19.4 mL/min/1.73 m2 at 6 mo to 53.0 ± 23.0 mL/
min/1.73 m2 at 10 y for KTRs with early MDR, compared 
with 58.2 ± 18.9 to 59.0 ± 21.6 mL/min/1.73 m2 for those 
without early MDR.

DISCUSSION

This study examined the association of mycophenolate 
dosing with the subsequent risk of rejection and the long-
term risk of death and graft failure. There were 2 key findings 

FIGURE 1. Mycophenolate dose changes during the first 2 y posttransplant. KTRs on >2 g/d dosing comprised ≤1.6% of the >2 g/d group and 
≤1.1% of the entire cohort at any of the time points. KTR, kidney transplant recipient.

TABLE 2.

Cox proportional hazards regression analysis of mycophenolate dose as a time-varying covariate on subsequent rejec-
tion risk at 2 y

Univariable
HR (95% CI) P

Multivariable
HR (95% CI) P

Mycophenolate dose, g/d
  ≥2 g/d Reference 1 Reference
  1.5–<2 1.21 (0.95-1.53) 0.12 1.20 (0.94-1.53) 0.14
  1.0–<1.5 1.72 (1.34-2.20) <0.001 1.67 (1.29-2.16) <0.001
  <1 2.14 (1.43-3.20) <0.001 2.06 (1.36-3.13) 0.001
  Discontinued 1.55 (1.02-2.34) 0.039 1.45 (0.93-2.23) 0.10

Other covariates included in the multivariate model are presented in Table S4 (SDC, http://links.lww.com/TXD/A665). Bold values display statistical significance (P < 0.05).
CI, confidence interval; HR, hazard ratio.

http://links.lww.com/TXD/A665
http://links.lww.com/TXD/A665
http://links.lww.com/TXD/A665
http://links.lww.com/TXD/A665
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in our study. First, compared with ≥2 g/d, mycophenolate 
doses of <1.5 g/d were associated with an increased risk of 
subsequent rejection in the first 2 y posttransplant in a dose-
dependent manner. Second, early MDR to <1.5 g/d within the 
first 6 mo posttransplant was associated with an increased 
risk of subsequent death-censored graft failure.

Although previous retrospective cohort studies have simi-
larly reported an association of early MDR with rejection, 
these included exclusively or primarily cyclosporine-based 
regimens, which are no longer the standard of care.8,14,15 
Cyclosporine inhibits the enterohepatic recirculation of, 
and hence the exposure to, MPA compared with tacrolimus 
cotreatment.23 Even in studies that included KTRs initiated 
on tacrolimus-based regimens, the mycophenolate starting 
dose was not exclusively 2 g/d.7,8,10,11,13 Given the superior 
outcomes from a mycophenolate starting dose of 2 g/d,19,21 a 
lower starting dose can no longer be considered the stand-
ard of care. In contrast, our registry study included exclu-
sively KTRs initiated on contemporary tacrolimus-based 
triple maintenance immunosuppression regimens with the 
mycophenolate starting dose of 2 g/d. We identified a pos-
sible minimum effective mycophenolate maintenance dose 
threshold of 1.5 g/d, below which there was an association 
with subsequent rejection. Therefore, this study is timely 
to add to the existing literature in this field. However, a 
significant association of mycophenolate discontinuation 
with rejection was not demonstrated. The most common 
immunosuppression regimen after mycophenolate discon-
tinuation was triple immunosuppression with predniso-
lone, tacrolimus, and azathioprine. Given the observational 
nature of the registry data, it is not possible to exclude this 
group remaining on azathioprine to be at a lower immuno-
logical risk.

Another important finding in our study was the associa-
tion of early MDR to <1.5 g/d within the first 6 mo with infe-
rior unadjusted patient and graft survival. After adjusting for 
other factors, early MDR remained an independent risk fac-
tor for death-censored graft loss but not for death. As KTRs 
requiring MDR were an older and more vulnerable group at 
increased risk of death posttransplant, this could explain why 
MDR was not associated with death after adjusting for recipi-
ent age and comorbidities. Given our finding of increased 
rejection risks with lower mycophenolate doses, we postulate 
that early MDR would be associated with an increased inci-
dence of chronic alloimmune injury and premature allograft 
failure from chronic rejection. This is supported by a recent 
study showing that MDR to <1 g/d was associated with the 
development of de novo DSAs.24 However, we were unable 
to identify any significant differences in the causes of death- 
censored graft failure between groups. Given the observa-
tional nature of the registry data, it is difficult to ascertain 
from our study that MDR led to alloimmune injury and 
subsequent death-censored graft loss. Previous studies have 
reported conflicting findings, with some showing a similar 
association of early MDR with graft failure5-7 but not in oth-
ers.8,15 Most of these studies included primarily KTRs initiated 
on cyclosporine-based regimens.5,6,15 Unlike our study, these 
studies did not examine the effect of early MDR on patient 
survival.

Consistent with previous studies, recipient age6,20,25 and 
donor age6 (which could reflect older KTRs accepting kidneys 
from older donors despite adjustment in the logistic regres-
sion) were associated with early MDR. Although deceased 
donor transplantation was not a risk factor for MDR in our 
study,25 an association with DGF was identified. It is unclear 
why T cell–depleting induction therapy was a factor for early 

FIGURE 2. Rejection-free survival from 30 d to 2 y posttransplant stratified by mycophenolate dose group. Log-rank test P < 0.001.



6 Transplantation DIRECT   ■   2024 www.transplantationdirect.com

MDR. Basixilimab was the most common induction therapy 
used in Australia and New Zealand, unlike the United States 
and some parts of the world. Those treated with T cell–deplet-
ing induction likely represented a group with substantially 
higher immunological risk who received additional immuno-
suppression, which predisposed them to infective complica-
tions or cytopenia and necessitated early MDR.

It is possible that KTRs requiring early MDR simply reflected 
a cohort more susceptible to adverse events and inferior out-
comes, with factors associated with MDR, such as frailty25 not 
captured by the registry. Given the retrospective nature of a reg-
istry study, it is impossible to determine the causality between 
MDR and inferior outcomes. It is also difficult to ascertain the 
proportion of early MDR being a reactive response to adverse 
events or a proactive measure to minimize immunosuppression-
related complications, either targeting at-risk KTRs or adher-
ing to center-specific protocols, with or without MPA exposure 
measurements.16 Given that KTRs from Victoria/Tasmania 
and South Australia/the Northern Territory were more likely 
to have early MDR, it would seem likely that at least some 
of the KTRs had early MDR based on a regional preemptive 
protocol-driven approach. Asian KTRs have been shown to 
have higher MPA exposure despite being maintained on lower 
mycophenolate doses when compared with Caucasians.26 In 

addition, previous studies have identified that for KTRs 60 y 
or older, both reactive and preemptive MDR were associated 
with a reduced risk of serious infections and improved graft 
survival, respectively, without a significant increase in the rejec-
tion risk.20,27 Regardless of whether MDR was proactive or 
reactive due to increased susceptibility to toxicity on standard 
dosing, early MDR might not increase the risk of rejection or 
graft failure in some ethnicities or susceptible KTRs, and this 
tailored response is justifiable. Given the wide interindividual 
pharmacokinetic variability, the use of MPA exposure measure-
ments, either routinely early to avoid overimmunosuppression 
or after a proactive or reactive dose reduction to avoid under-
immunosuppression, could be a useful tool to help define the 
tailored mycophenolate dose. However, the optimal target con-
centrations to minimize complications remain unclear in the 
maintenance phase with tacrolimus cotreatment, and this tool 
is yet to be accessible in all jurisdictions globally.16,17

Limitations
Our analysis is limited by the time points at which relevant 

data were reported to ANZDATA, meaning that the pre-
cise dates of mycophenolate dose changes were unavailable. 
Additionally, multiple-dose changes occurring between report-
ing time points would not be captured, because only the dose 
at the reporting time point would be entered. Nevertheless, 
we were able to demonstrate that those with a dose reduc-
tion were unlikely to subsequently increase the dose, and 
those with discontinuation were also unlikely to recommence 
mycophenolate. Uncaptured confounders, such as frailty and 
infection episodes, are inevitable in registry studies. Therefore, 
we cannot determine the causality of early MDR or whether 
this is simply a risk factor for inferior patient and graft sur-
vival in susceptible individuals. Data for pretransplant DSAs 
were not reported to the ANZDATA registry to stratify the 
baseline immunological risk. However, calculated PRA and 
HLA mismatches were included as covariates for the analy-
ses. Our Australian and New Zealand cohort included mostly 
Caucasians treated with basiliximab induction, and therefore, 
our findings might not apply to some regions of the world. 
Finally, the study period predated the publication by Wiebe 
et al,4 which showed tacrolimus trough levels of <5 ng/mL 
being a risk factor for developing de novo DSAs and rejec-
tion. As tacrolimus levels were not reported to ANZDATA, 
it is not possible to exclude the possibility of higher target 
tacrolimus levels in more recent years, and therefore, our 
findings are not applicable to the KTRs nowadays. However, 
multiple cohort studies from Australia, which included KTRs 
during our study period, achieved median/mean tacrolimus 
levels of 7.1–9.8 ng/mL in the first 6 mo posttransplant19,28,29 
and 7.5 ng/mL at 5.5 ± 6.1 y posttransplant.30 Therefore, it is 
unlikely that tacrolimus exposure was significantly lower in 
our study compared with the current targets, especially in the 
first 6 mo posttransplant when the effect of early MDR was 
assessed in this study.

In conclusion, MDR to <1.5 g/d was associated with an 
increased risk of rejection and inferior long-term death- 
censored graft survival in this contemporary binational cohort 
of KTRs on tacrolimus-based regimens. Further studies should 
incorporate the use of MPA exposure and determine the opti-
mal area under the curve range in the maintenance phase to 
target the subgroups of at-risk KTRs requiring early MDR for 
tailored alternative immunosuppressive regimens and strike 

TABLE 3.

Multivariable logistic regression analysis of factors associ-
ated with early mycophenolate dose reduction

OR (95% CI) P

Recipient characteristics
  Age (per 10 y increase) 1.06 (1.00-1.13) 0.045
  Sex (male vs female) 0.88 (0.76-1.01) 0.08
  Peripheral vascular disease (yes vs no) 1.08 (0.84-1.37) 0.55
  Chronic lung disease (yes vs no) 1.08 (0.83-1.40) 0.57
  Dialysis duration (per year increase) 1.01 (0.98-1.03) 0.68
Transplant center jurisdictiona

  New Zealand 0.59 (0.46-0.75) <0.001
  Australian States
   New South Wales 0.77 (0.66-0.88) <0.001
   Victoria and Tasmania 1.45 (1.27-1.65) <0.001
   Queensland 0.94 (0.74-1.19) 0.59
   South Australia and the Northern Territory 1.59 (1.32-1.92) <0.001
   Western Australia 1.03 (0.82-1.30) 0.82
Donor characteristics
  Age (per 10 y increase) 1.08 (1.03-1.13) 0.003
  Donor type: living donor (yes vs no) 1.08 (0.85-1.36) 0.55
  HLA A-B-DR mismatches
   0 1 Reference
   1 0.71 (0.48-1.06) 0.10
   2 0.86 (0.61-1.21) 0.38
   3 0.82 (0.58-1.17) 0.27
   4 0.95 (0.67-1.36) 0.78
   5 0.95 (0.67-1.35) 0.79
   6 0.93 (0.64-1.34) 0.69
  Peak PRA ≥80% (yes vs no) 0.92 (0.66-1.29) 0.63
  Total ischemic time (per hour increase) 1.01 (0.99-1.03) 0.21
  Delayed graft function (yes vs no) 1.69 (1.40-2.03) <0.001
  T cell–depleting induction (yes vs no) 1.74 (1.22-2.47) 0.002
aRelative to the combined average.
Bold values display statistical significance (P < 0.05).
CI, confidence interval; OR, odds ratio; PRA, panel-reactive antibody.
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FIGURE 3. Long-term patient and graft outcomes after early mycophenolate dose reduction within the first 6 mo posttransplant: (A) Patient 
survival, (B) overall graft survival, (C) death-censored graft survival, and (D) eGFR. Log-rank test: (A) P = 0.001, (B) P = 0.0007, and (C) P = 0.03. 
Linear mixed model for eGFR gradients from 6 mo to 10 y posttransplant: P = 0.418. Mycophenolate dose reduction is defined as <1.5 g/d within 
the first 6 mo posttransplant. eGFR, estimated glomerular filtration rate.
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the balance of efficacy and minimizing complications from 
immunosuppression.
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