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ABSTRACT 
Background: Tacrolimus may be administered during hospitalization 
as an IV formulation or oral suspension. However, literature suggesting 
appropriate ratios for conversion from these formulations to capsules 
is limited. 

Objective: To evaluate conversion ratios after a switch in formulation 
of tacrolimus for solid-organ transplant recipients.

Methods: This single-centre observational longitudinal study involved 
hospitalized patients who underwent a switch in formulation of 
tacrolimus according to 1 of 3 possible scenarios: IV to oral suspension, 
IV to capsule, or oral suspension to capsule. Data were collected from 
the earliest accessible electronic file (January 2009) to January 1, 2019. 
Conversion ratios were calculated for each of the 3 groups using data 
for blood concentrations and doses before and after the switch. The 
calculated ratios were then compared with recommended conversion 
ratios: 1:5 (i.e., 1 mg of IV tacrolimus is converted to 5 mg of oral 
tacrolimus, expressed as “5”) for either of the switches involving an 
IV formulation and 1:1 (i.e., same amount, expressed as “1”) for the 
switch from oral formulation to capsules.

Results: For the group who underwent switching from the IV 
formulation to oral suspension, the mean calculated conversion ratio 
was 3.04, which was significantly different from the recommended ratio 
of 5. For the group who underwent switching from the IV formulation 
to capsules, the calculated conversion ratio was 5.18, which was 
not significantly different from the recommended ratio of 5. For the 
group who underwent switching from oral suspension to capsules, 
the calculated conversion ratio was 1.17, which was not significantly 
different from the recommended ratio of 1.

Conclusion: In this small retrospective study of tacrolimus therapy, 
the calculated conversion ratio was significantly different from 
the recommended ratio for patients who were switched from IV 
administration to oral suspension, but not for those switched 
from IV administration or oral suspension to capsules. Therapeutic 
drug monitoring therefore appears indispensable, regardless of 
conversion ratios. 

Keywords: conversion ratio, formulation, solid-organ transplant, 
tacrolimus, therapeutic drug monitoring

RÉSUMÉ
Contexte : Le tacrolimus peut être administré par IV ou sous forme de 
suspension orale pendant une hospitalisation. Cependant, il existe peu 
de documents qui proposent des ratios appropriés pour convertir ces 
formulations en capsules.

Objectif : Évaluer les ratios de conversion après un changement de 
formulation du tacrolimus pour les bénéficiaires de greffes d’organes solides.

Méthodes : Cette étude observationnelle longitudinale unicentrique 
impliquait des patients hospitalisés, pour qui la formulation de tacrolimus 
changeait en fonction de chacun des trois scénarios possibles : passage de 
l’administration par IV à la suspension orale, passage de l’administration 
par IV aux capsules ou passage de l’administration par suspension aux 
capsules. Le recueil des données a été effectué à partir du plus ancien 
dossier électronique accessible (janvier 2009) jusqu’au 1er janvier 2019. Les 
ratios de conversion ont été calculés pour chacun des trois groupes à l’aide 
de données pour les concentrations de sang et des doses avant et après le 
changement. Les ratios calculés ont ensuite été comparés avec les ratios de 
conversion recommandés : 1:5 (c.-à-d., 1 mg de tacrolimus administré par 
IV est converti en 5 mg de tacrolimus par voie orale, conversion exprimée 
par le nombre « 5 ») pour chacun des changements impliquant une 
formulation IV et 1:1 (c.-à-d. même quantité, conversion exprimée par le 
nombre « 1 ») pour le passage de la formulation orale aux capsules.

Résultats : Dans le groupe dont l’administration par IV est passée à une 
suspension orale, le ratio de conversion moyen calculé était de 3,04, ce 
qui était significativement différent par rapport au ratio recommandé de 
5. Pour le groupe dont l’administration par IV est passée à des capsules, 
le ratio de conversion moyen calculé était de 5,18, ce qui n’était pas 
significativement différent par rapport au ratio recommandé de 5. Pour 
le groupe dont l’administration est passée de la suspension orale aux 
capsules, le ratio de conversion moyen calculé était de 1,17, ce qui n’était 
pas significativement différent par rapport au ratio recommandé de 1.

Conclusion : Dans cette petite étude rétrospective de la thérapie à 
l’aide du tacrolimus, le ratio de conversion calculé était significativement 
différent du ratio recommandé pour les patients qui passaient d’une 
administration IV à une suspension orale, mais pas pour ceux qui passaient 
d’une administration par IV ou d’une suspension orale à des capsules. La 
surveillance thérapeutique des médicaments semble donc indispensable, 
quels que soient les ratios de conversion.

Mots-clés : ratio de conversion, formulation, greffe d’organe solide, 
tacrolimus, surveillance thérapeutique des médicaments
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INTRODUCTION

Calcineurin inhibitors represent the cornerstone of immuno­
suppressive maintenance therapy in solid-organ transplant­
ation.1,2 Indeed, their introduction dramatically changed 
patients’ outcomes, with an increase in 1-year post-transplant 
survival rate from 50% with azathioprine to 70%–80% with 
cyclosporine, the first calcineurin inhibitor on the market.1,3 
Despite their apparent benefits, these drugs are associated 
with multiple complications, most of which are concentra­
tion-dependent, such as nephrotoxicity, neurotoxicity, and 
hyperglycemia; as such, therapeutic drug monitoring is jus­
tified, to optimize efficacy and limit toxicity.1,3,4 

Tacrolimus is one of the calcineurin inhibitors now 
in use. Because of its narrow therapeutic range and large 
inter- and intra-individual pharmacokinetic variabil­
ity, therapeutic drug monitoring remains an important 
aspect of tacrolimus therapy. For example, various studies 
in patients with renal transplant have shown a strong cor­
relation between low concentrations of drug and transplant 
rejection, and between high concentrations and nephrotox­
icity.5 The whole-blood concentration of tacrolimus varies 
widely among individuals, mainly because of its complex 
pharmacokinetic properties.2 Indeed, the sources of phar­
macokinetic variability can be numerous, whether external 
(such as drug–drug interactions) or internal (such as hep­
atic function and hematocrit).2 

One source of pharmacokinetic variability is the formu­
lation or route of administration.2 Pharmacokinetic studies 
have shown that the bioavailability of oral tacrolimus is 
roughly 20% to 25%.6-8 These results explain why the con­
version ratio for IV to oral administration recommended by 
the International Society for Heart and Lung Transplanta­
tion (ISHLT) is 1:5 (i.e., 1 mg of IV tacrolimus converted to 
5 mg of oral tacrolimus, expressed in this article as “5”).9 
However, this recommended ratio does not seem to have 
been thoroughly validated through randomized controlled 
trials. An observational study involving patients who under­
went stem-cell grafting reported a ratio of 5, but it remains 
questionable whether this conversion ratio is adequate for 
patients who have undergone solid organ transplants.10 In 
addition, the question remains as to what conversion ratio 
would be adequate for a switch from oral suspension to 
capsules. In a phase 1 single-dose study, Undre and Dick­
inson11 found that the bioavailability of prolonged-release 
tacrolimus suspension prepared from opened capsules 
seemed equivalent to that of the intact capsules. However, 
the conversion ratio recommended by the ISHLT might not 
be adequate for converting from IV doses to oral suspension 
doses. Moreover, the question remains as to whether a ratio 
of 1 is adequate for switching between the 2 oral formula­
tions, even if their bioavailabilities seem equivalent.11 

In the early post-transplant period, patients are usually 
in the intensive care unit and may be unable to take oral 

medications. Others may present months or years after the 
transplant with a complication that prevents oral adminis­
tration of medication. These patients are started on tacro­
limus by IV administration until the oral route is feasible. 
In addition, an oral suspension is often used as a bridge 
between the IV formulation and capsules or for patients 
who are unable to swallow capsules. The pharmacists in 
our transplant centre have long noticed that despite using 
the recommended conversion ratio of 5 when switching 
patients from IV to oral administration of tacrolimus, the 
trough concentration always seems to fluctuate greatly, 
and it is difficult to determine the proper dose adjustment. 
Therefore, the primary objective of this study was to calcu­
late the conversion ratio for switches in tacrolimus formu­
lation in solid organ transplant recipients. 

METHODS

Study Design and Setting 
We conducted a single-centre, observational, descriptive, 
cross-sectional, longitudinal study in a university-affiliated 
tertiary hospital. The design and conduct of this study were 
reviewed and approved by the Ethics Committee of the 
Institut universitaire de cardiologie et de pneumologie de 
Québec – Université Laval, which waived the need for writ­
ten informed consent. Participant selection was performed 
retrospectively using pharmacy database software, from 
which we identified all patients who underwent a switch of 
tacrolimus formulation during the period from January 1, 
2009 (earliest accessible electronic file) to January 1, 2019. 
Patients were included if they met the following inclusion 
criteria: at least one switch in formulation of tacrolimus 
during the hospital stay, specifically by 1 of 3 possible scen­
arios (IV to capsules [immediate release], IV to oral suspen­
sion, or oral suspension to capsules [immediate release]); 
age 18 years or older; and administration of each formu­
lation for a minimum of 3 days. A given patient could be 
included multiples times if there were multiple switches of 
formulation during the same hospital stay. 

Data Collection
Data were collected from electronic medical records and 
pharmacy database software. 

Primary Outcome Measures
The main data collected were doses of tacrolimus received 
and trough concentrations of tacrolimus measured in the 
blood. At the study site, samples for determination of tac­
rolimus trough concentrations (measured by liquid chro­
matography coupled with tandem mass spectroscopy) were 
obtained at 0600, 60 minutes before the first dose of the day 
(at 0700), reflecting the daily dose received the previous day. 
We collected the trough concentrations associated with the 
3 doses before the switch in formulation and the trough 
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concentrations associated with doses on days 3, 4, and 5 after 
the switch (Figure 1). For included patients, the dose of tac­
rolimus, but not the formulation, could have changed in the 
period from Day–3 to Day–1 or in the period from Day+3 to 
Day+5; patients with a change in formulation during either 
of the data collection periods were excluded. The concentra­
tion of the drug at steady state referred to here was therefore 
a formulation-related, rather than a dose-related, steady 
state concentration. In this study, interindividual variabil­
ity in metabolism and elimination was attenuated by using 
the concentration/dose (C/D) ratio (Figure 1), while intra­
individual variability was attenuated by considering a 3-day 
average. Using ratios and averages allows drug monitoring 
without reliance on absolute doses and target concentra­
tions. We also considered that collecting the concentration 
data at days 4 to 6 after the switch would yield values more 
likely to be at equilibrium, which would further reduce any 
remaining influence of the initial formulation.6 

Secondary Outcome Measures

Other data collected were related to confounding variables: 
the transplanted organ, hematocrit, alanine aminotrans­
ferase (ALT), creatinine, estimated glomerular filtration 
rate, age, potentially interacting drugs (mainly inhibitors or 
inducers of cytochrome P450 3A4/5 [CYP3A4/5] isozymes 
and/or P-glycoprotein), and plasma albumin.2,7,12-17 

Concerning potentially interacting medications, we 
considered only the presence of medications with a course 
of usage that overlapped with the observation period. The 
following medications were considered: any corticosteroids, 
any azole antifungals, nondihydropyridine calcium-channel  
blockers (verapamil, diltiazem), antibacterials (clarithro­
mycin, erythromycin, rifampin), antiepileptic drugs (pheny­
toin, carbamazepine, primidone, phenobarbital), and 
protease inhibitors. For corticosteroids, we collected the 
doses received a week before the switch, on the day of the 
switch, and on day 5 after the switch, because it is known 
that the CYP3A4/5 induction effect of corticosteroids is 

dose-dependent.18 To standardize any potential impact of 
corticosteroids, the dose data were all converted to equiva­
lent prednisone doses. For the azoles, the starting date, dose, 
and ending date were collected, given that the degree of 
CYP3A4 inhibition seems to be dose-dependent for certain 
antifungals.16,19 Clinical data, such as hematocrit and ALT, 
were collected before and after the switch. 

The confounding variables were also used for subgroup 
analyses because of their potential effects on tacrolimus 
concentrations. To alleviate the effects of drug interactions, 
hematocrit fluctuations, and elevated ALT, we performed 
subgroup analyses in which patients were excluded if they 
had used azole antifungals, if they had a significant change 
in their corticosteroid dose, or if they had a change in ALT 
above 3 times the upper limit of normal. Other subgroup 
analyses were performed for patients with normalized 
hematocrit and for heart transplant recipients only.  

Statistical Analysis
General demographic information was collected. Using the 
tacrolimus concentrations and doses from patients’ med­
ical records, we calculated C/D ratios, whereby tacrolimus 
trough concentrations were divided by the total daily dose 
received the previous day.17 Mean C/D ratios were therefore 
calculated for the 3 days before the switch (denoted C/Dpre) 
and for days 4 to 6 after the switch (denoted C/Dpost), as 
shown in Figure 1. The conversion ratio was defined as 
C/Dpre divided by C/Dpost. For each of the 3 possible scenar­
ios, a mean conversion ratio was then calculated across all 
patients. The Student t test was then performed to compare 
the mean calculated conversion ratio with the recommended 
ratio. For switching from IV to oral formulations (capsule 
or suspension), the recommended conversion ratio was 1:5 
(i.e., oral dose 5 times higher than IV dose), and for switch­
ing from capsules to suspension, the recommended conver­
sion ratio was 1:1. A p value of less than 0.05 was considered 
to represent a statistically significant difference between the 
recommended and calculated conversion ratios.

Calculated conversion ratio = ൗ𝑪𝑪 𝑫𝑫 𝒑𝒑𝒑𝒑𝒑𝒑
ൗ𝑪𝑪 𝑫𝑫 𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑

Main data collected for 
each switching episode

Mean = (C/D)pre Mean = (C/D)post

i.v. to capsule

i.v. to oral suspension 

oral suspension to capsule

Switch
Day-3 Day-2 Day-1 Day0 Day3 Day4 Day5 Day6

C = Trough concentration
D = Daily dose

FIGURE 1. Calculation of the conversion ratio. For reporting purposes, the ratio is presented 
as a single value, according to the calculation shown. 
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For the subgroup analysis considering hematocrit, all 
C/D ratios were normalized to a hematocrit (Hct) value of 
45% using the following equation: (C/D) × (Hct/0.45).2,20 
For the subgroup analysis considering the use of cortico­
steroids, we defined a relevant change in corticosteroid dose 
as being a modification of at least 25% from the previously 
recorded dose.

RESULTS

In total, 41 episodes of formulation switching were iden­
tified, distributed among 37 patients: 8 episodes (in 8 
patients) of switching from IV to oral suspension, 14 epi­
sodes (in 14 patients) of switching from IV to capsules, and 
19 episodes (in 15 patients) of switching from oral suspen­
sion to capsules. The mean age of the cohort was 52.5 (stan­
dard deviation [SD] 11.7) years, with women representing 

13 (32%) of all episodes (Table 1). For most episodes (n = 
36, 88%), the patients were heart transplant recipients. For 
most episodes, the patient was receiving enteral feeding on 
the day of the switch (n = 31, 76%), and none had any history 
of gastrointestinal disease. For most episodes (n = 26, 63%), 
the patients had undergone surgery (of any type) less then 
30 days before the switch. Regarding the use of potentially 
interacting drugs, there were 38 episodes (93%) in which 
corticosteroids were used during the observation period. In 
contrast, there were only 5 episodes (12%) in which azoles 
were used during the observation period. No other inter­
acting drugs from the prespecified list were used during the 
period of data collection. Mean hematocrit was 0.284 (SD 
0.042) before the switch and 0.266 (SD 0.031) afterward. 

For the patients who underwent switching from IV to 
oral suspension, we calculated a conversion ratio of 3.04 
(SD 1.53), with a 95% confidence interval (CI) of 1.77–4.32 

TABLE 1. Demographic and Clinical Variables of 3 Scenarios for Switching Tacrolimus Formulations

Scenario; No. (%) of Episodes or Mean ± SD

Variable
IV to Oral Suspension

(n = 8)
IV to Capsule

(n = 14)
Oral Suspension to Capsule

(n = 19)

Sex, female 3 (38) 5 (36) 5 (26)

Age (years) 56.4 ± 9.0 54.5 ± 12.6 50.2 ± 12.0

Weight (kg) 77 ± 14.1 79.2 ± 15.6 78.25 ± 20.2

Time since transplanta (months) 39.4 ± 108.4 6.3 ± 8.2 22.9 ± 53.6

Enteral feeding 8 (100) 7 (50) 16 (84)

Recent surgeryb 8 (100) 8 (57) 10 (53)

Type of transplanted organ 
Heart 7 (88) 12 (86) 17 (89)
Kidney 1 (12) 1 (7) 1 (5)
Lung 0 (0) 1 (7) 1 (5)

Interacting drugs 
Azoles 1 (12) 0 (0) 4 (21)
Corticosteroid 8 (100) 12 (86) 18 (95)

Dose 7 days before switch (mg) 53.8 ± 25.9 161.2 ± 335.7 39.7 ± 54.3
Dose on day of switch (mg) 42.2 ± 18.3 29.5 ± 20.5 22.1 ± 12.1
Dose 5 days after switch (mg) 37.7 ± 25.1 22.7 ± 15.1 20.9 ± 11.1

Clinical lab results before switch
ALT (IU/L) 87.3 ± 101.6 63.3 ± 85.2 44 ± 57.7
eGFR (mL/min/1.73 m2) 61.8 ± 31.4 59.1 ± 33.6 57.6 ± 35.1
Hematocrit 0.311 ± 0.053 0.272 ± 0.033 0.283 ± 0.044
Albumin (g/L) 33.8 ± 8.7 32.8 ± 4.4 30.9 ± 4.4

Clinical lab results after switch
ALT (IU/L) 71.8 ± 89.4 40.1 ± 24.1 62.5 ± 112.3
eGFR (mL/min/1.73 m2) 49.9 ± 36.5 53.4 ± 27.2 55.9 ± 35.8
Hematocrit 0.266 ± 0.014 0.273 ± 0.055 0.263 ± 0.021
Albumin (g/L) 28.7 ± 6.4 32.7 ± 3.8 29.8 ± 5.0

ALT = alanine aminotransferase, eGFR = estimated glomerular filtration rate, SD = standard deviation.
aTime since transplant at the moment of switch in formulation. 	
bSurgery of any type that occurred within 30 days of the switch in formulation.
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(p = 0.008), which was significantly different from the rec­
ommended conversion ratio of 5 (oral dose 5 times higher 
than IV dose). For those who underwent switching from 
IV to capsules, the calculated conversion ratio was 5.18 
(SD 3.17) (95% CI 3.35–7.00, p = 0.84) which was not sig­
nificantly different from the recommended ratio of 5. For 
those who underwent switching from oral suspension to 

capsules, the calculated conversion ratio was 1.17 (SD 0.74) 
(95% CI 0.82–1.58, p = 0.32), which was not significantly 
different from the recommended ratio of 1. Figure 2 and 
Table 2 illustrate these findings.

We were also interested in evaluating, through sub­
group analysis, switching episodes that were not biased by 
drug–drug interactions. In the group that switched from IV 

FIGURE 2. Calculated conversion ratios according to the various scenarios. Data points 
for individual patients are shown, along with the mean (longer horizontal line) and 
standard deviation (vertical line with shorter horizontal end lines) for each scenario.

TABLE 2. Calculated Conversion Ratios for Each Switching Scenario and Subsequent Subgroup Analyses

Scenario and Subgroup Analysis
Calculated Conversion Ratio 

(Mean ± SD) p Value

IV to oral suspension 
(n = 8 switching episodes)

3.04 ± 1.53
(95% CI 1.77–4.32)

0.008 

Excluding azoles (n = 7) 3.22 ± 1.56 0.023
Excluding significant CS dose change (n = 3) 3.30 ± 2.10 0.30
Hematocrit normalized (n = 7) 2.76 ± 1.24 0.003
Excluding 3 × ULN ALT (n = 7) 2.66 ± 1.17 0.002
Heart transplant only (n = 7) 3.20 ± 1.58 0.023

IV to capsule
(n = 14 switching episodes)

5.18 ± 3.17
(95% CI 3.35–7.00)

0.84

Excluding azoles (n = 0) NA NA
Excluding significant CS dose change (n = 5) 6.10 ± 3.13 0.48
Hematocrit normalized (n = 14) 4.87 ± 2.65 0.85
Excluding 3 × ULN ALT (n = 9) 4.32 ± 2.89 0.50
Heart transplant only (n = 12) 5.06 ± 3.24 0.95

Oral suspension to capsule 
(n = 19 switching episodes)

1.17 ± 0.74
(95% CI 0.82–1.58)

0.32

Excluding azoles (n = 15) 1.10 ± 0.62 0.51
Excluding significant CS dose change (n = 13) 1.05 ± 0.61 0.79
Hematocrit normalized (n = 16) 1.11 ± 0.79 0.60
Excluding 3 × ULN ALT (n = 13) 1.20 ± 0.85 0.42
Heart transplant only (n = 17) 1.00 ± 0.56 0.97

ALT = alanine aminotransferase, CI = confidence interval, CS = corticosteroid, NA = not applicable, SD = standard deviation,  
ULN = upper limit of normal. 
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to oral suspension, excluding the single episode involving 
a patient who was using an azole did not affect the over­
all result: the calculated conversion ratio remained signifi­
cantly different from the recommended ratio of 5. However, 
in the same group, excluding episodes for patients with 
relevant changes in corticosteroid doses (n = 5 episodes 
excluded) did affect the result, with the difference between 
calculated and recommended conversion ratios becoming 
nonsignificant; this may have been related to the small 
number of episodes in this subgroup analysis (n = 3). For 
the group with switching from IV to capsules, only util­
ization of corticosteroids was present; excluding episodes 
with relevant changes in corticosteroid doses (n = 9 epi­
sodes excluded) yielded a calculated conversion ratio that 
was nonsignificantly different from the recommended ratio 
of 5. In the group with switching from oral suspension to 
capsules, excluding the 4 episodes involving patients who 
were using an azole yielded a calculated conversion ratio 
that was nonsignificantly different from the recommended 
ratio of 1. In the same group, excluding episodes involving 
patients with relevant changes in corticosteroid dose (n = 6 
episodes excluded) also yielded a nonsignificant difference 
between the calculated and recommended conversion ratios. 
In general, the results for these subgroup analyses were not 
substantially different from the results for the main analysis. 

We also tried to alleviate the effect of abnormal physio­
logical functions known to affect the pharmacokinetics of 
tacrolimus (low hematocrit or elevated ALT). To address 
hematocrit variation, we calculated normalized conversion 
ratios; the results for all 3 switching scenarios remained 
consistent with the results in the main analysis. Similarly, 
when we excluded episodes in which the ALT was elevated 
(at least 3 times the upper limit of normal), the results 
remained consistent with the main analysis. No significant 
changes in serum albumin were observed after the switch in 
formulation (relative to before the switch), with any of the 
3 switching scenarios.

We were also interested in alleviating the potential 
impact of enteral feeding on the calculated conversion 
ratios. For the group switched from IV to oral suspension, 
all patients were receiving enteral feeding and it was there­
fore impossible to alleviate the impact of this factor. When 
patients with enteral feeding were eliminated from the group 
with switching from IV to capsules, the mean calculated 
conversion ratio was 5.93 (SD 2.96; p = 0.44), while for the 
group with switching from oral suspension to capsules, the 
ratio was 0.93 (SD 0.34; p = 0.74), both of which were not sig­
nificantly different from the respective recommended ratios. 

Given that the Institut universitaire de cardiologie et 
de pneumologie de Québec – Université Laval is a centre 
that specializes in heart transplants, there was a special 
interest in assessing results for this specific population. 
When patients with non-heart transplants were excluded 
from the analysis, the results for all 3 switching scenarios 

remained consistent with the original analysis, from a sta­
tistical standpoint (details shown in Table 2). 

DISCUSSION

This study aimed to evaluate dose-conversion ratios for 
switches in formulation of tacrolimus in solid organ trans­
plant recipients, in relation to the ISHLT’s recommended 
ratios of 5 for conversion from IV to oral administration 
and 1 for conversion from oral suspension to capsules. For 
the conversion from IV to capsules, the calculated con­
version ratio was 5.18 (SD 3.17), which is not significantly 
different from the recommended ratio of 5. This finding is 
in agreement with another study, which showed a similar 
ratio for allograft patients.10 Moreover, in various subgroup 
analyses for the IV-to-capsule scenario, the calculated con­
version ratios remained nonsignificantly different from the 
recommended ratios. Interestingly, for the conversion from 
IV to oral suspension, we found a conversion ratio of 3.04 
(SD 1.53), which was significantly different from the rec­
ommended ratio of 5. In contrast, the conversion from oral 
suspension to capsules yielded a calculated conversion ratio 
that was not significantly different from the recommended 
ratio of 1. 

From a pharmacokinetic standpoint, these results sug­
gest that different formulations likely have different bio­
availabilities.2,6 Of note, a European phase 1 study involving 
20 healthy men aimed to evaluate the relative bioavailabil­
ity of tacrolimus administered orally or via nasogastric tube 
using either capsules or an oral suspension. In that study, 
when the drug was given orally, bioavailability was sim­
ilar for the capsules and the oral suspension.11 In fact, in 
the current study, the difference in results for conversion 
from IV administration to oral formulations (significantly 
different from recommended ratio for oral suspension, but 
not significantly different for oral capsules) was surpris­
ing. Indeed, given that the oral formulations did not yield 
any significant difference when compared with each other, 
these differing results for conversion from IV administra­
tion were unexpected. The statistically significant difference 
observed for the conversion from IV to oral suspension is 
intriguing yet convincing, given that it was observed with 
the smallest sample size of the 3 possible scenarios (n = 8 
switching episodes). 

This observed discrepancy in the ratio for conversion 
from IV to oral suspension might be due to administration 
of tacrolimus through the enteral feeding tube. In fact, we 
had no means to evaluate the adequacy and consistency 
of this method of administration.21,22 Nevertheless, given 
that most of the switching episodes from IV to oral sus­
pension occurred in patients with enteral feeding, this 
result could suggest, from a pharmacokinetic perspective, 
increased absorption of the drug. Indeed, enteral feeding 
might have allowed more tacrolimus to reach lower parts of 
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the intestine, where there are fewer CYP3A4 gut enzymes 
or efflux pumps such as P-glycoprotein, thus enabling 
greater absorption of the drug.2 Of note, neither the dur­
ation or flow of enteral feeding nor the presence of diarrhea 
were evaluated in this study. Greater enteral feeding flow 
or presence of diarrhea would likely push the medication 
further into the digestive tract, thus increasing absorp­
tion.

2,23 Furthermore, the use of enteral feeding might sug­
gest the possible presence of digestive tract and intestinal 
malfunction, which would affect tacrolimus absorption in 
the case of switching from IV to oral suspension.24 Con­
versely, a switch from oral suspension to capsule would 
generally suggest clinical improvement, particularly in the 
gastrointestinal tract, possibly signifying more “normal” 
gut functions and absorption. This “normalization” might 
explain the similar pharmacokinetics of oral suspension 
and capsules and the ratio of 1 that we observed. 

As for the subgroup analyses, although the calculated 
ratios varied a little, the observed tendencies between cal­
culated and recommended ratios remained consistent with 
those of the main analysis. Concerning potential drug-drug 
interactions, the results remained consistent in all groups 
after exclusion of the few episodes involving use of azoles. 
However, it remains difficult to completely eliminate the 
possibility of drug interactions, given that only known 
major CYP3A4 inhibitors or inducers were considered.2,15,17 
There is also the possibility that substrate-substrate inter­
actions occurred but were not accounted for.2,15,17 Potential 
induction by corticosteroid is known to be a dose-depend­
ent effect, but there does not seem to be a cut-off dose high­
lighted in the literature.2,17,18 Thus, we empirically chose 
to exclude switching episodes associated with corticoster­
oid dose changes of 25% or more; however, the calculated 
conversion ratios cannot be taken at face value because the 
sample size was considerably reduced in these subgroup 
analyses. It was also difficult to evaluate whether a change 
of dose within such a short period of time could really affect 
the metabolism of tacrolimus. In a study by van Duijn­
hoven and others,25 a 2-week tapering period followed by a 
single corticosteroid-free week led to an increase in tacro­
limus exposure. In our case, the observation period was a 
little longer than a week. Nevertheless, the results remained 
consistent for all 3 scenarios relative to the main analysis.

The results also remained generally consistent in sub­
group analyses accounting for physiological markers, such 
as hematocrit and ALT. Normalizing the hematocrit to 45% 
enabled us to alleviate the effect of variable red blood cell 
linkage to tacrolimus before and after the switch in formula­
tion.2,20 A reduction in hematocrit can potentially increase 
the unbound fraction of tacrolimus, thus increasing its hep­
atic clearance and lowering its total concentration.2,13 For 
ALT, we considered 3 times the upper limit of normal as a 
sign of potential liver dysfunction, but excluding such epi­
sodes nonetheless yielded the same results. Because albumin 

is known to bind tacrolimus, we considered potential chan­
ges in serum albumin before and after the switches that 
might have accounted for variation in tacrolimus concentra­
tion in all 3 scenarios. No significant changes were observed.

When the raw data points (Figure 2) are examined, 
it is important to also notice the range of results (repre­
sented by SD). The calculated conversion ratios had large 
CIs for the IV to capsules scenario, but a much narrower 
range for the IV to oral suspension scenario, which yielded 
a statistically significant difference between the calculated 
and recommended ratios. The data points contributing to 
the calculated ratio clustered around 2 and 4, with a sin­
gle higher value (5.71), which pulled the mean to a higher 
value (3.04). These data suggest that strong interindividual 
variability does exist, and can hardly be alleviated, despite 
attempts to reduce both external and internal confounding 
factors. There could also be one or more unidentified con­
founding variables not accounted for in the present study. 
Either way, these results further reinforce the importance 
of therapeutic drug monitoring, despite any recommended 
conversion ratio. 

Other potential confounding factors that might have 
been considered for evaluation include sex, age, ethnicity, 
and genetic polymorphisms. It is still not clear whether sex 
has any significant effect on dose requirements for tacroli­
mus. Indeed, several pharmacokinetic studies have shown 
tacrolimus clearance and dose requirements to be higher in 
women,17,20,26 whereas others have not.27-29 Moreover, when 
midazolam was used as a drug probe, intestinal and hepatic 
CYP3A4 activity displayed only small differences between 
the 2 sexes.30 In the current study, most of the patients were 
men (proportions ranging from 63% to 75% of each group). 
However, given the small sample sizes (including n = 8 in 
the IV to oral suspension group), any interpretation of the 
influence of sex would be risky. 

Age is another potential modulator of tacrolimus dose 
requirements. It has well-characterized effects on the dis­
position of numerous drugs, especially relevant for geriat­
ric (>75 years) and frail patients. For instance, it has been 
suggested, though not consistently proven, that as adults 
age, their tacrolimus dose requirement declines steadily.2 
Indeed, it was demonstrated more than 30 years ago that 
elderly patients have reduced total body water and lean 
body mass, and thus a relative increase in body fat,31 pro­
viding a larger volume of distribution for hydrophobic 
drugs such as tacrolimus. Modulation of gastric pH and 
intestinal transit, as well as decreased liver volume and hep­
atic blood flow, have also been observed in elderly people.32 
Interestingly, no significant differences in either hepatic or 
combined hepatic and intestinal CYP3A activity have been 
demonstrated between young adults and elderly people 
(although the studies involved mostly healthy volunteers 
who had not undergone transplant).33-35 Moreover, numer­
ous population-based pharmacokinetic studies (with only 
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limited numbers of elderly patients) showed no significant 
effect of aging on tacrolimus disposition.36-41 In contrast, a 
much larger study, analyzing 2205 patients included in the 
DeKAF study, showed lower dosing requirements in elderly 
people.42 In the current study, mean age was similar across 
groups and fell within a narrow range of 50 to 56 years, with 
no geriatric patients, which prevented any analysis of the 
effect of age on tacrolimus dosing. 

Other potential contributors to variability in tacrolimus 
dosing requirements are ethnicity and genetic polymorph­
isms, which are unequally distributed among different eth­
nic populations worldwide. For instance, African Americans 
were shown to require higher doses of tacrolimus than whites, 
which is mainly attributable to 20% to 50% lower bioavail­
ability of the drug.42-46 In today’s era of pharmacogenetics, it 
is known that observed differences in the disposition of tac­
rolimus are mostly determined by ethnic variability in com­
mon polymorphisms for genes encoding drug-metabolizing 
enzymes and drug transporters. Of particular interest in the 
context of tacrolimus disposition is the CYP3A5*1 allele, 
found in 45% to 73% of African Americans, 5% to 15% of 
whites, 15% to 35% of Asians, and 25% of Mexicans.2 Carry­
ing a CYP3A5*1 allele was shown to produce an average 30% 
increase in the oral clearance of tacrolimus, resulting in a 
50% higher dose requirement.47 However, it is still unclear 
why African American noncarriers of the CYP3A5*1 allele 
had dose requirements similar to those of white noncarriers.2 

Other genetic differences that could be involved in 
ethnicity-related variability in tacrolimus disposition are an 
increased frequency of inactivating alleles of CYP3A5*6 and 
CYP3A5*7 in African Americans, along with CYP3A4*1B 
and ABCB1 (Pgp) 3435CC variants, although the effect of 
these latter 2 on tacrolimus disposition appears to be of lim­
ited importance.48-50 Again, in the present study, the small 
number of patients involved and the fact that all were white 
suggest limited impact of ethnicity and associated genetic 
polymorphisms on tacrolimus disposition. Moreover, as 
mentioned previously, the use of C/D ratios further attenu­
ated interindividual variability.   

This study had some limitations. One of our main 
concerns was not being able to ascertain the adequacy or 
consistency of drug administration through enteral feeding 
tubes. As such, adherence of drug molecules to the tube wall 
or interactions with food might have affected the absorption 
of tacrolimus,21,22 especially for the scenario involving the 
oral suspension formulation. Furthermore, it was not pos­
sible to ascertain for all patients whether drugs were indeed 
administered through the tube, nor did we know the dur­
ation of feeding, the flow rate of enteral feeding, or the pres­
ence of diarrhea. As such, we cannot exclude the possibility 
of an effect of enteral feeding on tacrolimus administration, 
when dealing with the oral suspension, as it was shown 
to affect absorption of the drug.51 Moreover, as with any 
retrospective study, complete detailed pathophysiological 

data were not available in the electronic patient records. In 
addition, the study sample consisted mostly of heart trans­
plant recipients, so the generalizability of our results to the 
context of other solid-organ transplants is unknown. 

This study was only a stepping stone to understanding 
the pharmacokinetic implications of switching formula­
tions of tacrolimus. The sample sizes were quite small, and 
hence it is difficult to draw any firm conclusions. Larger 
studies are needed to determine consistent and adequate 
conversion ratios for switching between tacrolimus for­
mulations. As it stands, our findings seem to suggest that 
switching from IV to oral suspension might require a dif­
ferent conversion ratio than the 1:5 recommended by the 
ISHLT, while the ratios currently used for the other 2 scen­
arios are likely adequate. Ultimately, however, considering 
the wide variability in trough concentrations of tacrolimus 
(as indicated by wide CIs and large SDs in our data), it is 
evident that therapeutic drug monitoring remains crucial, 
no matter which conversion ratio is being used. 

CONCLUSION

In this small retrospective, cross-sectional, longitudinal 
study, a change in formulation of tacrolimus from IV to 
oral suspension yielded a conversion ratio different from 
the 1:5 ratio recommended by the ISHLT, whereas conver­
sion ratios calculated for switches from IV to oral capsules 
and from oral suspension to capsules did not differ from 
the recommended ratios (5 and 1, respectively). Thorough 
therapeutic drug monitoring should remain the gold stan­
dard, no matter which conversion ratio is used. 
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