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Overweight Kidney Transplant Recipients Are at
Risk of Being Overdosed Following Standard
Bodyweight-Based Tacrolimus Starting Dose
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Background.Bodyweight-based dosing of tacrolimus (Tac) is considered standard care, even though the available evidence is
thin. An increasing proportion of transplant recipients is overweight, prompting the question if the starting dose should always be
based on bodyweight.Methods. For this analysis, data were used from a randomized-controlled trial in which patients received
either a standard Tac starting dose or a dose that was based onCYP3A5 genotype. The hypothesis was that overweight patients
would have Tac overexposure following standard bodyweight-based dosing.Results.Data were available for 203 kidney trans-
plant recipients, with a median body mass index (BMI) of 25.6 (range, 17.2-42.2). More than 50% of the overweight or obese
patients had a Tac predose concentration above the target range. The CYP3A5 nonexpressers tended to be above target
when they weighed more than 67.5 kg or had a BMI of 24.5 or higher. Dosing guidelines were proposed with a decrease up
to 40% in Tac starting doses for different BMI groups. The dosing guideline for patients with an unknown genotype was validated
using the fixed-dose versus concentration controlled data set. Conclusions. This study demonstrates that dosing Tac solely
on bodyweight results in overexposure in more than half of overweight or obese patients.

(Transplantation Direct 2017;3: e129; doi: 10.1097/TXD.0000000000000644. Published online 19 January, 2017.)
The oral starting dose of tacrolimus (Tac) in the first trial
in humans was 0.15 mg/kg. This starting dose was based

on animal studies.1,2 A few years later, in most transplant
centers, oral Tac therapy was initiated with doses ranging
from 0.10 to 0.20 mg/kg per day administered in 2 equally
divided doses.3 This recommended starting dose has not
changed since.4

Tac has a narrow therapeutic window and displays large
pharmacokinetic variability.5 Even with therapeutic drug
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monitoring (TDM), it can take up to 14 days to reach target
concentrations.6 In theory, the sooner target Tac concentra-
tions are attained post transplantation, the more effective it
is likely to be in preventing acute rejection.1 Previous studies
have suggested that underexposure of Tac could be related to
low bodyweight and overexposure to higher bodyweight in
kidney transplant recipients.7-10 Available data suggests that
being overweight or obese at time of kidney transplantation
has a negative effect on both patient and allograft outcomes.11

Overweight kidney transplant recipients have an increased
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mortality, more delayed graft functions, more acute rejection
episodes, more wound infections, and a longer hospital stay
compared with patients with a bodymass index (BMI) of less
than 30.12 The kidney disease improving global out-
comes Transplant Workgroup states that dosing of Tac
is important and that it is relatively underinvestigated.1

Although the Tac starting dose is based on bodyweight in
many centers, dosing algorithms have demonstrated that
bodyweight does not have a statistically significant influence
on Tac clearance.13,14 The evidence that Tac elimination is
linearly related to total bodyweight remains thin.

In 2003, the majority (60%) of kidney transplant recipients
were overweight (BMI, 25-30) or obese (BMI≥ 30) at the time
of transplantation.11With global obesity on the rise, this num-
ber is likely to increase even further and prompts the question
if it is justified to continue to base the Tac starting dose on
bodyweight. In this study, we investigated whether Tac dosing
based on bodyweight leads to the achievement of Tac target
whole-blood exposure in overweight patients.

MATERIALS AND METHODS

Aims

The aim of this study was to investigate whether a Tac
starting dose based on bodyweight leads to the achievement
of Tac target whole-blood predose concentrations (C0) in over-
weight patients on day 3 after transplantation. This was
defined as the first steady state concentration attained after
5 unaltered Tac doses. The subsequent dose was determined
using TDM. The prespecified Tac C0 target range was 10 to
15 ng/mL. The hypothesis was that overweight patients are
overdosed if the starting dose is strictly based on bodyweight
alone. Furthermore, the influence of CYP3A5 genotype on
the relationship between bodyweight (or BMI) and Tac
exposure was investigated.

Patients

The patients in this studywere kidney transplant recipients
who participated in a randomized-controlled trial investigat-
ing whether adaptation of the Tac starting dose according to
CYP3A5 genotype increases the proportion of kidney transplant
recipients reaching the target Tac predose concentration range
(10-15 ng/mL) at first steady-state. After day 3, the physicians
were allowed to adapt the Tac dose based on whole-blood
concentration measurements. The primary outcomes of this
trial were presented in a separate publication.15

In this trial, patients were randomized to receive Tac in either
the standard, bodyweight-based dose of 0.20 mg/kg per day
according to the package insert,4 or to receive a dose based
on their CYP3A5 genotype. CYP3A5 expressers (ie, carriers
of 1 or 2 CYP3A5*1 alleles) received 0.30 mg/kg per day,
whereas the nonexpressers (CYP3A5*3 homozygotes) received
0.15 mg/kg per day. The additional immunosuppressive ther-
apy was identical for all patients and consisted of basiliximab,
mycophenolic acid, and prednisolone.15 The only inclusion
criteria for the post hoc analysis presented here was that there
had to be a Tac C0 available on day 3 after transplantation.

Tac Concentration Measurement

As described previously,15 the Tac C0 was measured in the
laboratory of the Erasmus MC using 2 different immunoas-
says: antibody-conjugated magnetic immunoassay (ACMIA)
and enzyme multiplied immunoassay technique (EMIT). The
measurements obtained with EMITwere systematically ap-
proximately 15% higher than those obtained with ACMIA.
The weight of patients measured with the 2 different assays
was not significantly different. Themeanweight of the patients
measuredwithACMIAwas 79.6 kg (95%confidence interval,
77-82.2 kg) and for EMIT 78.4 kg (95% confidence interval,
74-82.9 kg). The lower limits of detection were 1.5 ng/mL
(ACMIA) and 2.0 ng/mL (EMIT). In this study, the lowest
Tac concentrationwas 2.6 ng/mL. The upper limit of detection
was 30.0 ng/mL. For calculation purposes, Tac C0 above the
detection limit was set at 30.0 ng/mL. For further details on
the Tac concentration measurement, the reader is referred to
our previous publication.15

Dosing Guidelines

Dosing guidelines were developed and validated retrospec-
tively in an independent cohort of patients that participated
in the fixed-dose versus concentration controlled (FDCC)
study.16 All Tac concentrations were scaled to the theoretical
starting dose of 0.2 mg/kg. The percentage of patients on tar-
get and the median Tac concentration on day 3 after trans-
plantation were compared before and after utilization of the
dosing guideline.

Statistical Analysis

For the analysis, the data were divided into 3 groups: the
standard-dose group (SDG), the genotype-based group (GBG),
and all patients (SDG plus GBG) scaled to the standard
bodyweight dose. The latter group was created to be able to
compare the C0 of all patients, irrespective of whether the
starting dose was adjusted according to genotype. The scaled
C0 was calculated by dividing the C0 by the actual dose per kg
bodyweight and multiplying this by 0.2. Categorical variables
are reported using frequency tables and percentages, and contin-
uous variables are expressed as medians with ranges. Tac
overexposurewas definedas aTac concentration above 15ng/mL,
and underexposure as below 10 ng/mL. The correlation between
Tac C0 and bodyweight (or BMI) was investigated by calculating
the goodness of fit. Dosing guidelines were calculated using linear
regression lines. Descriptive statistics were generated, and
all tests were 2-tailed, and statistical significance was defined
as a P value less than 0.05. Data were analyzed using IBM
SPSS version 21 (SPSS Inc., Chicago, IL).

RESULTS

For this post hoc analysis, datawere available for 203 kidney
transplant recipients. A total of 34 patients were not included in
this analysis because no data onC0was available on day 3 after
transplantation due to logistic issues (usually missed sample
collection on Sunday).15 The patient characteristics are de-
scribed in Table 1. The median bodyweight was 78.9 kg with
a range of 37.6 to 123.1 kg, whereas the median BMI was
25.6 kg/m2with a range of 17.2 to 42.2 kg/m2. Of all patients,
102 (50.2%) were overweight (BMI > 25), 40 (19.7%) were
obese (BMI > 30), and 1 patient wasmorbidly obese (BMI > 40).

Bodyweight

In the SDG, the overweight or obese patients had significant
highermedianTacC0 (15.9 ng/mL) after 5 unaltered Tac doses
than patients with a BMI smaller than 25 (12.0 ng/mL), with a
P value of 0.011. Of the overweight or obese patients, 57.8%
were overexposed. The CYP3A5 expressers on average had
lower Tac C0 than the CYP3A5 nonexpressers (10.7 ng/mL vs



TABLE 1.

Patient characteristics

Standard-dose group GBG P

Recipient sex
Male 64 (64.6%) 65 (62.5%) 0.864
Female 35 (35.4%) 39 (37.5%)

Age of recipient, ya 55.5 (19-77) 55.0 (19-79) 0.945
Ethnicity
White 77 (77.8%) 83 (79.8%) 0.914
Asian 10 (10.1%) 8 (7.7%)
African descent 10 (10.1%) 10 (9.6%)
Other 2 (2%) 3 (2.9%)

Bodyweight, kga 75.4 (37.6-122.8) 81.4 (43.6-123.1) 0.247
Height, cma 174.0 (148.0-203.0) 173.5 (151.0-193.0) 0.800
BMI, kg/m2a 24.7 (17.2-37.8) 26.5 (18.1-42.2) 0.093
CYP3A5 genotype

a3/a3 76 (77%) 76 (73%) 0.658
a1/a3 19 (19%) 25 (24%)
a1/a1 4 (4%) 3 (3%)

Tac starting dose, mg/kga

Nonexpresser 0.20 (0.19-0.21) 0.15 (0.14-0.16) <0.05
Expresser 0.20 (0.19-0.21) 0.30 (0.29-0.31) <0.05

a Presented as median and range.
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16.2 ng/mL, P = 0.001). On day 3 after transplantation, a
considerable proportion (47%) of nonexpressers was
overexposed (Figure 1A). In CYP3A5 expressers, only 13%
was overexposed (P = 0.003).

Figure 1B shows the relationship between bodyweight and
Tac C0 in the GBG. In this group, all nonexpressers received
0.15 mg/kg and the expressers 0.30 mg/kg. Of all patients
dosed according to genotype, 35.4% of all overweight or
obese patients were overexposed. Of all patients in this group,
30% was overexposed, whereas 35% was underexposed.

Figure 1C depicts all patients in the study scaled to the
theoretical dose of 0.2 mg/kg per day. Due to scaling of the
dose, the maximum Tac concentration depicted in the figure
increased to 38.5 ng/mL, rather than the 30 ng/mL cutoff. Of
all overweight or obese patients, 53.6% were overexposed.
In line with the SDG, a substantial proportion of nonexpressers
was above the target range (36%) and over a quarter (27%)
was underexposed. The correlation line crosses the upper limit
of the target range at 67.5 kg (calculatedwith the regression line
y = 0.12x + 6.9, r2 = 0.08). Of all patients weighing more than
67.5 kg, 40% of nonexpressers was above the target range and
25% was below the target range.
FIGURE 1. The association between bodyweight,CYP3A5 genotype
and TacC0 on day 3 after transplantation, with the target concentration
of 10 to 15 ng/mL shown (shaded area). A, Patients who received
0.20mg/kg Tac. B, Patients who received Tac in a dose of 0.15mg/kg
(CYP3A5 nonexpressers) or 0.30 mg/kg (CYP3A5 expressers). C, All
patients scaled to 0.2 mg/kg dose.
BMI

In the SDG, the nonexpressers were overexposed if the BMI
increased, whereas, paradoxically, the expressers had fairly
stable exposure regardless of BMI (see Figure 2A). In the
GBG, a considerable amount of expressers was overexposed
(Figure 2B), whereas the nonexpressers were below target if
the BMI was lower than 22.3 kg/m2 and above target if it
was higher than 33.2 kg/m2 (y = 0.46 x − 0.26, r2 = 0.15).

When scaled to the theoretical standard dose, a consid-
erable amount (36%) of nonexpressers was overexposed
(Figure 2C). The correlation line crosses the upper limit
of the target range at 24.5 kg/m2 (calculated with the re-
gression line y = 0.59x + 0.53, r2 = 0.17). Of all patients
with a BMI greater than 24.5 kg/m2, 44% of nonexpressers
were above the target range and 24% were below target.

Overweight patientswith a BMI greater than 25 kg/m2 took
a median of 6 days to reach the target concentration, com-
pared with 4.5 days in patients with a normal bodyweight
(P = 0.083).
Dosing Guidelines

Dosing guidelines for overweight patients based on BMI
are shown in Table 2. The recommendations were calculated
with a target C0 of 10 to 15 ng/mL on day 3. A distinction is
made between patients in whom the CYP3A5 genotype sta-
tus is known and in whom it is unknown. In accordance with
the CPIC guideline,17 it is not common practice in most cen-
ters to genotype patients before transplantation, therefore the
guideline for unknown genotype was developed. Unfortu-
nately, there was not a sufficient number ofCYP3A5 expressers
in our population to be able to calculate specific dosing guide-
lines based on BMI for this group. No guidelines for patients
with a BMI greater than 35 could be developed due to a lack
of patients in this category. For a typical patient with a BMI
of 28 kg/m2 and an unknown CYP3A5 genotype, the dose
should be 0.17 mg/kg (85%) if the standard starting dose is
0.20 mg/kg based on the developed dosing guideline (Table 2).



TABLE 3.

Validation of the dosing guidelines: median Tac C0 (ng/mL)

FIGURE 2. The association between BMI, CYP3A5 genotype and
Tac C0 on day 3 after transplantation, with the target level of 10 to
15ng/mL shown (shaded area). A, Patientswho received 0.20mg/kg
Tac. B, Patients who received Tac in a dose of 0.15 mg/kg (CYP3A5
nonexpressers) or 0.30 mg/kg (CYP3A5 expressers). C, All patients
scaled to 0.2 mg/kg dose.
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If this same patient is a knownCYP3A5 nonexpresser, the dose
should be 0.16 mg/kg (80%).

The recommended dosing guidelines were validated retro-
spectively in an independent cohort of patients that partici-
pated in the FDCC study16 by comparing the percentage
on target before and after utilization of the guideline, and
the median Tac concentration on day 3 after transplanta-
tion. The results are shown in Table 3. If CYP3A5 geno-
type is unknown, 21.8% of overweight patients were on
target before utilization of the guideline, and 32.7% after-
ward. The percentage of patients overexposed dropped from
70.9% to 47.2%. Especially overweight patients (BMI, 25-30)
benefit of the dosing guideline with 16.7% of patients on
target before, and 31% after applying the dosing guideline.
The percentage of patients on target before and after
TABLE 2.

Dosing guidelines (mg/kg) based on a patient’s BMI and
CYP3A5 genotype

CYP3A5 genotype unknown CYP3A5 nonexpresser

BMI < 25 0.20 (100%) 0.20 (100%)
BMI 25-30 0.17 (85%) 0.16 (80%)
BMI 30-35 0.15 (75%) 0.14 (70%)
utilization of the dosing guideline is shown in Figure 3.
When underweight patients (BMI smaller than 20 kg/m2)
were excluded from the analysis, the proportion of patients
overexposed and on target remained the same (data not
shown).
DISCUSSION

This study demonstrates that dosing Tac solely on
bodyweight results in overexposure in a considerable
proportion of patients. This is especially the case for
overweight and obese patients. Based on the goodness of
fit, the association between BMI and Tac exposure seems
stronger than the one between bodyweight and Tac. To our
knowledge, only 2 studies have investigated the relationship
between bodyweight or BMI and Tac exposure at first steady
state. Rodrigo et al9 concluded that overweight renal trans-
plant recipients are more prone to develop initial high expo-
sure (ie, a C0 > 15 ng/mL) compared with nonoverweight
recipients. Rodrigo et al9 demonstrated that the first Tac C0

tended to be higher than 15 ng/mL in overweight, older
kidney transplant recipients. Sawamoto et al18 demonstrated
that the average Tacmaintenance dose in patients with a BMI
greater than 25 kg/m2 is significantly lower compared with
that in patients with a BMI of 25 kg/m2 or less. Our study
substantiates these findings.

Dosing guidelines for overweight and obese patients were
developed and validated for patients with an unknown geno-
type and CYP3A5 nonexpressers. As a validation cohort we
used patients who participated in the FDCC trial. In this
multicenter study, Tac was dosed according to local clinical
practice, and as a consequence, this is a very heterogeneous
group. Despite this, we managed to validate our guidelines.

Unfortunately, no dosing guideline could be developed for
CYP3A5 expressers because there were too few CYP3A5 ex-
pressers in our population. Also, insufficient obese patients
with a BMI greater than 35 were available to validate the
dosing guideline in that group. Establishing separate dosing
guidelines for overweight patients is not unusual. Other
drugs, such as aminoglycosides, are dosed using ideal body
weight in overweight patients.19 However, aminoglycosides
are hydrophilic drugs, whereas Tac is lipophilic. Overweight
patients have a larger fat compartment, and therefore, adjusting
the dose of hydrophilic drugs based on total bodyweight would
lead to overexposure. However, for lipophilic drugs, a larger
volume of distribution would be expected in overweight
patients, and therefore, choosing the dose based on total
bodyweight seems logical. Miyamoto et al20 demonstrated
CYP3A5 unknown CYP3A5 nonexpressers

n Before After P n Before After P

All patients 137 16.8 15.1 <0.05 111 18.5 16.4 <0.05
BMI < 25a 82 15.3 n/a n/a 65 15.4 n/a n/a
BMI 25-30 42 17.8 15.1 <0.05 36 18.5 14.8 <0.05
BMI 30-35 11 15.2 11.4 <0.05 8 20.0 14.0 <0.05

The median Tac C0 is shown on day 3 post transplantation before and after correction with the
developed dosing guidelines. All concentrations were scaled to a dose of 0.2 mg/kg per day.
a Not assessed because the developed dosing guidelines recommend a dose of 100%.



FIGURE 3. The percentage of patients underexposed, on target and overexposed before and after utilization of the developed dosing
guideline in a validation cohort of patients with an unknown genotype.
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that the Tac concentration in fat tissue was lower than
what one would expect based on the lipophilicity of the
drug. This substantiates the present finding that the Tac
dose should not be entirely based on bodyweight in obese
patients. An explanation for this counterintuitive finding
could be that Tac is extensively distributed into erythrocytes
which have a high content of FK-binding proteins to the
receptor of Tac.4 Although with an increasing bodyweight,
the blood plasma volume also increases, this occurs to a lesser
extent. Theoretically, the Tac initial dose should be based on
this increase in blood plasma volume rather than the increase
in bodyweight.

To our knowledge, this is the first study to give dosing
guidelines for overweight and obese transplant recipients. A
subject for future research could be the influence of other
genetic polymorphisms in, for example, CYP3A4 which
has also been associated with altered Tac clearance. Espe-
cially,CYP3A4*22 is interesting because it is associated with
a lower Tac dosage after renal transplantation.21

The biggest limitation of this study is that it is a post hoc
analysis. It was unplanned and therefore the apparent differ-
ences and associations could be coincidental. The second
limitation is that more than three quarters of the studied
population was white, and only 10%was from African de-
scent. Research has shown that African-American kidney
transplant recipients require a higher Tac dose regardless
of their CYP3A5 genotype.22,23 The third limitation is that
Tac concentrations were measured with immunoassays, in-
stead of using mass spectrometry which is nowadays consid-
ered the criterion standard. In our center, immunoassays
were used for the routine determination of Tac at the start
of the trial. Many transplant centers worldwide still rely on
immunoassays for TDM of Tac. The final limitation is that
the target range of 10 to 15 ng/mL we aimed for may now be
regarded as rather high although the precise therapeutic range
for Tac is still unclear.24-27

In conclusion, basing theTac startingdose solely onbodyweight
leads to overexposure in more than one third of patients, and
over half of overweight or obese patients. Basing the Tac
starting dose on BMI in overweight patients, whether or
not in combination with CYP3A5 genotype, could reduce
overexposure of Tac early after transplantation.
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