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CASE REPORT

Decreased Tacrolimus Levels after 
Administration of Rifampin to a Patient 
with Renal Transplant 
Heather Naylor and Jenna Robichaud

INTRODUCTION

The calcineurin inhibitor tacrolimus is used to prevent
organ rejection following renal transplant. This drug is

metabolized through the hepatic cytochrome P450 (CYP450)
3A enzymes, in particular, CYP3A4 and CYP3A5.1,2 A strong
relationship between CYP3A5 genetic polymorphisms and the
pharmacokinetics of tacrolimus has been demonstrated in 
kidney, heart, and liver graft recipients.1,2 Previous studies have
shown that carriers of the CYP3A5*1 allele require larger doses
of tacrolimus to achieve target blood concentrations than
patients with other alleles.3-6 The frequency of this allele varies
depending on ethnicity and is more common among Asian and
African American people than among whites.7

Rifampin is known to affect the metabolism of tacrolimus
through induction of CYP3A48 and, to a far lesser extent,
CYP3A5.9,10 Although the interaction between these drugs is in
theory well recognized, its clinical significance in adults has
been reported for only 4 Asian patients,11-14 2 Hispanic
patients,15,16 and one Kuwaiti patient.17 To our knowledge, this
interaction has not been described previously for adult white
patients, the population with the lowest frequency of
CYP3A5*1 allele carriers. Here, we describe a white patient
who had undergone a renal transplant and who experienced a
clinically significant interaction between tacrolimus and
rifampin. 

CASE REPORT

A 65-year-old white woman (height 162.5 cm, weight
86.2 kg) with end-stage renal disease secondary to polycystic
kidney disease received a renal allograft from a deceased donor
in March 2006.* Post-transplant immunosuppression was
maintained with tacrolimus (Prograf ), mycophenolate sodium
(Myfortic), and prednisone. In December 2011 the patient 

presented with a few days’ history of nausea, abdominal pain,
and persistent headache. Her medical history was significant for
hypertension, hypothyroidism, and a ventriculoperitoneal (VP)
shunt, which had been placed surgically in 1985 for hydro-
cephalus. Abdominal computed tomography (CT) revealed a
4-cm inclusion cyst in close proximity to the VP shunt tube.
However, head CT showed that the VP shunt was functioning,
with no evidence of hydrocephalus. The patient’s headache and
abdominal pain diminished without surgical intervention, and
she was discharged 3 days later. 

Two weeks after discharge, the patient’s nausea, abdominal
pain, and headache symptoms returned, and she was readmit-
ted to hospital with suspected shunt blockage and possible
infection of the cerebrospinal fluid. Vital signs on admission
were as follows: blood pressure 154/71 mm Hg, heart rate
90/min, respiratory rate 18/min, partial pressure of oxygen
96% (room air), and temperature 37.0°C. The neck showed no
signs of stiffness. The VP shunt valve did not appear to empty
well. 

Home medications at the time of readmission were 
enteric-coated acetylsalicylic acid 81 mg/day, ranitidine 300
mg/day, simvastatin 10 mg/day, zopiclone 5 mg/day when
needed, levothyroxine 0.1 mg/day, amlodipine 10 mg/day,
alendronate 70 mg every Thursday, prednisone 5 mg/day,
mycophenolate sodium 720 mg/day, and tacrolimus 4 mg/day
(target trough level 5–8 ng/mL). All home medications were
continued throughout the hospital stay. Of note, the patient
had completed a 7-day course of oral ampicillin 1 day before
the readmission. 

The following abnormal laboratory results were pertinent:
C-reactive protein 128 mg/L (normal range ≤ 7.9 mg/L),
hemoglobin 110 g/L (normal range 115–160 g/L), neutrophils
9.1 × 109/L (normal range 2.0 × 109/L to 7.0 × 109/L), 
leukocytes in the cerebrospinal fluid 935 × 106/L (normal 
range up to 5 × 106/L), protein in the cerebrospinal fluid *The patient provided consent for publication of this case. 
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0.87 g/L (normal range 0.15–0.45 g/L), and tacrolimus trough
level 11.4 ng/mL. 

Fluid from the VP shunt was sent for culture upon 
suspicion of infection. Empiric therapy with ceftriaxone 2 g IV
daily and rifampin 600 mg/day was started on postadmission
day 1 (PAD1), as recommended by the infectious diseases 
service. The VP shunt fluid subsequently grew Staphylococcus
epidermidis susceptible to vancomycin and rifampin, but 
resistant to penicillin. Vancomycin was therefore added to the
patient’s therapy on PAD3. Treatment with ceftriaxone and
rifampin was continued.  

A decrease in tacrolimus levels was apparent after 4 days of
antibiotic therapy. This decrease was attributed to rifampin in
the absence of literature reports of clinically significant drug

interactions between tacrolimus and vancomycin or ceftriax-
one. The tacrolimus trough level decreased from 6.1 ng/mL on
PAD5 to 3.7 ng/L by PAD7. Therapeutic drug monitoring of
tacrolimus was performed by a nephrology inpatient clinical
pharmacist (J.R. or H.N.) in collaboration with a nephrologist.
Over the next 4 days, the dose of tacrolimus was progressively
increased, to 9 mg/day, to attain and maintain the target
tacrolimus trough level of 5–8 ng/mL (Figure 1). During this
period, serum creatinine declined from baseline values of
90–110 �mol/L (Figure 2). On PAD13 the patient underwent
surgery for removal of the existing VP shunt, drainage of shunt
remnants, and placement of a new shunt. Triple therapy with
ceftriaxone, rifampin, and vancomycin was continued for 
7 days after the procedure, with discontinuation on PAD20. 

Figure 1. Dose and trough level of tacrolimus during the hospital stay. 

Figure 2. Serum creatinine level during the hospital stay.
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Following discontinuation of rifampin, the dose of tacrolimus
was decreased over several days to the patient’s preadmission
dose of 4 mg/day. However, on PAD26 (6 days after discontin-
uation of rifampin), the tacrolimus trough level once again
declined to 3.7 ng/mL, and an increase in the dose of this drug
was required. The patient was discharged from hospital on
PAD33. Therapeutic drug monitoring of tacrolimus was 
continued through an outpatient clinic. The patient’s
tacrolimus dose was decreased gradually over several weeks to
maintain therapeutic levels of this drug. At the time of writing
(mid-2013), the patient was continuing to take tacrolimus 
3.5 mg/day, graft function was stable, and the patient was 
clinically well. 

DISCUSSION

To our knowledge, this case is the first report of a clinically
significant interaction between tacrolimus and rifampin in an
adult white patient. Addition of rifampin to the medication
regimen resulted in a reduction in serum tacrolimus concentra-
tions requiring subsequent dose increases to maintain desired
therapeutic levels. Furthermore, the impact of rifampin on
tacrolimus metabolism was sustained for a period of time after
the rifampin was discontinued. Although the patient was 
started on ceftriaxone and vancomycin at the same time as
rifampin, a literature search failed to identify published reports
of drug interactions between tacrolimus and ceftriaxone or 
vancomycin, which made a drug interaction between rifampin
and tacrolimus more likely. In addition, application of the
Naranjo nomogram for assessing adverse drug reactions18

yielded a score of 5, which indicated a probable interaction
between tacrolimus and rifampin in this patient. 

Interaction between tacrolimus and rifampin in adults has
been reported previously (Table 1). Five of the 6 published

cases involved patients who had undergone renal trans-
plant.12,13,15-17 The time between transplant and occurrence 
of the tacrolimus–rifampin interaction ranged from 4 days to 7
years. As expected, larger baseline doses of tacrolimus were
required to meet higher target tacrolimus trough levels in
patients whose transplant surgery had occurred more recent-
ly.13,16 In all but one case, the decrease in tacrolimus trough 
levels occurred within several days of the patient starting
rifampin. The case reported here followed a similar timeline,
with the decrease in tacrolimus trough levels observed 4 days
after initiation of rifampin. For this patient, an approximately
2-fold increase in the tacrolimus dose was ultimately required
to overcome the induction effects of rifampin. In other 
published cases, the tacrolimus dose increases ranged from 
2-fold to 12-fold (Table 1).

Notably, in some cases, therapeutic tacrolimus trough 
levels could not be achieved through dose increases alone.15,16

López-Montes and others16 described a nearly 4-fold increase in
the tacrolimus dose following initiation of antituberculosis
treatment with rifampin in a Hispanic patient who had under-
gone renal transplant. Despite the increased dosage, tacrolimus
trough levels remained subtherapeutic (3.7–5.5 ng/mL; target
range 10–15 ng/mL). The ensuing risk for acute rejection
prompted a change in therapy from rifampin to rifabutin.
Therapeutic tacrolimus levels were achieved shortly after the
switch. Moreno and others15 described a similar case of 
subtherapeutic tacrolimus levels despite a 2-fold dose increase
following initiation of rifampin treatment. Therapeutic
tacrolimus levels were achieved 6 days after the rifampin was
discontinued and replaced with pyrazinamide. Mori and others14

also failed to achieve a detectable serum level of tacrolimus 
following initiation of rifampin therapy in an Asian patient
who had undergone bone marrow transplant, despite doubling

Table 1. Characteristics of Reported Cases of Rifampin–Tacrolimus Interactions in Adults

Tacrolimus Dose (mg/day*)
Reference (Year) Ethnicity Target Tacrolimus Baseline Maximum Rifampin Dose CYP3A4

Trough (ng/mL) (Increase) (mg/day) Inhibitors
Moreno et al.15 Hispanic 5–10 0.05 mg/kg 0.1 mg/kg per day Unknown None

per day (2-fold)
López-Montes Hispanic 10–15 16 60 (3.75-fold) 600 None
et al.16

Chenhsu et al.12 Asian 5–8 2 24 (12-fold) 600 None
Bhaloo and Asian 10–15 6 32 (5.33-fold) 600 Clarithromycin,
Prasad13 diltiazem, 

fluconazole
Mori et al.14 Asian 5–10 3 6 (2-fold) 300 Itraconazole 
Abdel Halim Kuwaiti 5–7 7 NA† Unknown None
et al.17

This case White 5–8 4 9 (2.25-fold) 600 None

NA = not applicable.
*Except where indicated otherwise.
†Dose was decreased to 0.5 mg every other day following onset of chronic diarrhea.
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of the tacrolimus dose. Target tacrolimus levels of 5–10 ng/mL
were not reached until the potent CYP3A4 inhibitor itracona-
zole was added to the patient’s regimen. 

In contrast to the cases described above, we were able to
maintain therapeutic tacrolimus levels of 5–8 ng/mL during
concurrent rifampin therapy by increasing our patient’s
tacrolimus dose from 4 to 9 mg/day. Nephrotoxicity did not
occur with the increasing tacrolimus dose, as evidenced by
serum creatinine values that did not exceed baseline levels 
(Figure 2). To our knowledge, this is the only published case
report describing sustained therapeutic tacrolimus levels during
rifampin therapy without the addition of CYP3A4 inhibitors
or discontinuation of rifampin. 

Multiple factors have been reported to influence the 
pharmacokinetics of tacrolimus, including graft type (e.g., 
kidney, liver, heart), hepatic and renal function, use of 
concomitant medications such as corticosteroids, time since
transplant, patient’s age and ethnic background, hematocrit
and albumin concentrations, food intake, diarrhea, and levels
of CYP3A and P-glycoprotein expression.19 Our patient’s 
hepatic and renal function remained unchanged from baseline
throughout her course in hospital. Apart from rifampin, the
patient was not started on any medications known to interact
with tacrolimus. Both hematocrit and albumin concentrations
remained within normal limits and were consistent with base-
line values. No episodes of diarrhea were reported during the
timeframe of the case report. Of note, the patient’s C-reactive
protein was elevated at the time of admission, which was likely
an indicator of pro-inflammatory cytokines arising from the
active bacterial infection. Pro-inflammatory cytokines are
known to cause significant reductions in hepatic drug 
clearance, mostly via decreased production of CYP450
enzymes.20 This phenomenon may explain, in part, why this
patient was able to sustain therapeutic tacrolimus levels while
taking rifampin.  

The observed clinical variability among previous case
reports may also be hypothetically attributed to pharmaco -
genetics. The influence of polymorphisms involving CYP3A4
and P-glycoprotein (ABCB1) on tacrolimus pharmacokinetics
remains uncertain; however, the influence of CYP3A5 
polymorphisms on the pharmacokinetics of tacrolimus is well
established. CYP3A5*1 allele carriers (“high expressors”) are
known to require larger doses of tacrolimus to reach target
blood concentrations than homozygous carriers of the
CYP3A5*3 allele (“low expressors”).3-6 In addition, CYP3A5
“high expressors” may require a longer period (up to 2 weeks)
to achieve target blood concentrations than CYP3A5 “low
expressors”.4 Macphee and others4 reported lower tacrolimus
concentrations in CYP3A5 “high expressors” during the first 
2 weeks after renal transplant, despite therapeutic drug moni-
toring, and a significant delay in the time to reach target

tacrolimus concentrations relative to CYP3A5 “low expressors”.
Approximately 43%–73% of Africans and African Americans
and 15%–35% of Asians, but only 5%–15% of whites, are 
carriers of the CYP3A5*1 allele.7 This observation may explain
why several of the reported cases involving Asian and Hispanic
patients described failure to meet therapeutic tacrolimus levels
after initiation of rifampin. The patient described in the 
current case report was less likely to be a CYP3A5*1 carrier,
given the lower incidence of the polymorphism in whites. A
noncarrier of the CYP3A5*1 allele would be expected to have
lower requirements for tacrolimus and to need a shorter period
to achieve steady-state concentrations. This situation might
explain why therapeutic tacrolimus levels during rifampin ther-
apy were achieved for the patient described here, whereas addi-
tion of CYP3A4 inhibitors or discontinuation of rifampin was
required to achieve therapeutic tacrolimus levels in previously
reported cases.

Unfortunately, the allele status of our patient and those in
previously published cases is unknown. It is unlikely that geno-
typing of the CYP3A5 enzyme many years after transplant
would add any clinical benefit, given the many additional fac-
tors that can affect tacrolimus pharmacokinetics. However, it
may be beneficial to perform genotyping immediately after
transplant surgery, when tacrolimus therapy is being initiated,
in order to modify starting doses as appropriate and reach
steady state more quickly.  

Of note, therapeutic drug monitoring of tacrolimus for
the patient in this case was performed by nephrology inpatient
clinical pharmacists, who also made dose adjustments of the
drug in collaboration with a nephrologist. It is unknown
whether the patients described in previously published case
reports received similar care. Pharmacists have been recognized
as an essential part of the transplant team. Chisholm and others21

observed that patients who received clinical pharmacy services
were more likely than the control group to reach target
immunosuppressant drug levels (64% versus 48%, p < 0.05).
An understanding of the linear pharmacokinetics of tacrolimus,
as well as an awareness of the multiple factors that may affect
pharmacokinetics, is essential to ensure appropriate dose
adjustments. In this case, involvement of a clinical pharmacist
familiar with tacrolimus pharmacokinetics ensured that appro-
priate dose modifications were made and likely contributed to
achievement of target tacrolimus levels. 

CONCLUSIONS

To our knowledge, this is the first time a significant drug
interaction between rifampin and tacrolimus has been reported
in an adult white person. Health care professionals monitoring
tacrolimus blood concentrations should be aware of the 
variability in clinical presentation among reported cases and
realize the potential dramatic and sustained effect of this
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drug–drug interaction. This case report, coupled with 
previously published reports of tacrolimus–rifampin interac-
tions, serves as a reminder of the potent induction effects of
rifampin. Involvement of a clinical pharmacist in therapeutic
drug monitoring of tacrolimus is beneficial for managing the
drug interaction and achieving target drug levels. 
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