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Abstract

AIM: To study the long-term outcome of ketoconazole
and tacrolimus combination in kidney transplant recipi-
ents.

METHODS: From 2006 to 2010, ketoconazole was
given in 199 patients and was continued for at least 1
year or until graft failure (Group 1), while 149 patients
did not receive any ketoconazole (Group 2). A combina-
tion of tacrolimus, mycophenolate and steroid was used
as maintenance therapy. High risk patients received
basiliximab induction.

RESULTS: Basic demographic data was similar be-
tween the 2 groups. The 5-year cumulative incidence of
biopsy-confirmed and clinically-treated acute rejection
was significantly higher in Group 1 than in Group 2 (34%
vs 18%, P = 0.01). The 5-year Kaplan-Meier estimated
graft survival (74.3% vs 76.4%, P = 0.58) and patient
survival (87.8% vs 87.5%, P = 0.93) were not different
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between the 2 groups. Multivariable analyses identified
ketoconazole usage as an independent risk of acute
rejection (HR = 2.33, 95%CI: 1.33-4.07; P = 0.003)
while tacrolimus dose in the 2™ month was protective
(HR = 0.89, 95%CI: 0.75-0.96; P = 0.041).

CONCLUSION: Co-administration of ketoconazole and
tacrolimus is associated with significantly higher inci-
dence of acute rejection in kidney transplant recipients.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Tacrolimus is mainly metabolized by cyto-
chrome P450 enzymes and ketoconazole is a potent
inhibitor of P450. Transplant programs often use keto-
conazole to reduce the tacrolimus dose and financial
cost. Small short-term studies had previously supported
such practice, but the long-term outcome are still lack-
ing. We hereby report our center’s experience of this
combination in kidney transplant recipients. Our study
suggests that co-administration of ketoconazole and
tacrolimus is associated with significantly higher inci-
dence of acute rejection in kidney transplant recipients.
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INTRODUCTION

Tacrolimus is a macrolide antibiotic produced from
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Streptomyces tsukubaensis. It binds to FK506-binding
protein to form a complex that inhibits calcineurin
phosphatase in Tlymphocytes [commonly referred as
calcineurin inhibitor (CNI)]. Tacrolimus has been widely
used as the primary immunosuppressive agent in kidney
transplant patientsm. Due to its narrow therapeutic index,
optimal dosing with therapeutic monitoring is neces-
sary. Tacrolimus is mainly metabolized by cytochrome
P450-3A in the liver and a substrate of P-glycoprotein,
an efflux pump, in both liver and intestine™. The inhibi-
tion of P450-3A and P-glycoprotein can slow down its
metabolism and ketoconazole is such a potent inhibitor.
Transplant programs often use ketoconazole to reduce
the tacrolimus dose and cost. The financial benefit and
short-term safety of such a practice had been reported
previously by a few small studies in EgyptH’S]. But the
long-term outcomes of such a practice are still lacking;

Our interest in examining this issue comes from
our participation in the National Institutes of Health
funded pilot study of solid organ transplants in human
immunodeficiency virus (HIV) infected patients[()’g].
There were unexpectedly higher incidences of acute
rejection (by a factor of 2 to 3) in both kidney and liver
recipients. About half of the rejections were early and
aggressive[6’7]. In these patients, the targeted trough levels
of CNIs were consistent with those in non-HIV recipi-
ents, but their required doses of CNI were significantly
lower due to the necessary treatment with anti-retroviral
protease inhibitor, which also inhibits P450-3A and
P-glycoprotein. Due to the altered pharmacokinetics,
their total exposure to CNI [area under curve (AUC)]
likely was considerably low. This may be more plausible
than other proposed viral and/or immunological factors
to explain the higher-than-expected rejection rates in
HIV infected patientswm. In the current study, we ana-
lyze the long-term outcome of patients who received co-
administration of ketoconazole and tacrolimus in non-
HIV infected kidney transplant recipients.

MATERIALS AND METHODS
Study population

This is a retrospective review, and patients were identified
using the transplant center database at Tulane University
Hospital and Clinic. During the period between 2006 and
2010, there were consecutive 450 non-HIV infected adult
patients who underwent a primary kidney transplant at
our center. Among them, ketoconazole was given in 199

patients after transplant surgery and was continued for
at least 1 year or until graft failure (Group 1), while 149
patients did not receive any ketoconazole (Group 2). A
combination of tacrolimus, mycophenolate and steroid
was used as maintenance therapy in all patients. Factors
for excluding patients from this study included primary
graft non-function (#» = 3), death in first week of trans-
plant surgery (# = 2), incomplete data due to lost fellow-
up (n = 19), different combination of maintenance im-
munosuppressives (# = 48) or usage of other drug that
inhibits (such as diltiazem, amiodarone, e#.) or reduces
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(such as phenytoin, isoniazid, ez.) P450 enzymes (#7 = 9).
The patients, whose ketoconazole was stopped before 1
year of kidney transplant (#» = 17) or before the graft fail-
ure (7 = 4) were also excluded from analysis. All patients
were followed up closely at our center, including sched-
uled routine labs and clinic visits. Patients with acute ill-
ness were usually directly admitted or transferred to our
center, and the outside events were recorded in a timely
mannet.

Immunosuppressive therapy

High risk patients, defined as having peak panel reactive
antibody > 10%, human leukocyte antigen mismatch >
4, donor cold ischemia time > 18 h or expanded criteria
donor kidneys, received induction therapy with 2 doses
of basiliximab (20 mg per dose). Corticosteroids were
administrated as methylprednisolone 500 mg IV intra-
operatively, then tapered on postoperative days 1 to 3,
and changed to oral prednisone 60 mg on postoperative
day 4. The patients typically continued oral prednisone
20 mg daily for the first month, then 10 mg daily for the
2" month and 5 mg daily thereafter. Each patient was
started mycophenolate, either mycophenolate mofetil at
1 g or enteric-coated sodium mycophenolate at 720 mg,
twice daily after transplant. Oral tacrolimus was started
immediately after transplant, and doses were adjusted
to keep the 12-h trough levels at 8 to 12 ng/mlL for the
first year. The target of tacrolimus trough levels was then
maintained at 4 to 6 ng/mL after the first year. Whole
blood tacrolimus concentrations were measured with
liquid chromatography-tandem mass spectrometry in our
hospital. The decision of adding ketoconazole was typi-
cally made within the first week of transplant surgery in
order for patients to achieve the targeted trough levels
prior to discharge. The dose of ketoconazole was started
at100mg per day in all patients, and further increased to
200 mg per day in 4 patients.

Infection prophylaxis

All patients received one tablet of sulfamethoxazole/ tri-
methoprim DS three times per week for the first year as
prophylaxis for pneumocystis pneumonia and bacterial
infections. Three-month antifungal prophylaxis with oral
nystatin was given to patients who did not receive keto-
conazole. Cytomegalovirus (CMV) prophylaxis was given
to CMV seronegative recipients who received organs
from a CMV seropositive donor. The regimen included
IV ganciclovir during the transplant hospitalization fol-
lowed by oral ganciclovir or valganciclovir for 3 mo.

Rejection

Acute rejection was presumed when patients had a
sudden increase of serum creatinine that could not be
explained by other clinical causes. Kidney biopsy was pet-
formed before the treatment. The severity of rejection
was defined according to Banff criteria. Acute cellular
rejection of grade 1 or below was initially treated with IV
methylprednisolone for 3 d. Thymoglobulin was used for
steroid resistant cellular rejection, or as the initial therapy
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Table 1 Demographic characteristics of transplant patients

between Group 1 (with ketoconazole) and Group 2 (without
ketoconazole)

Group 1 Group 2 P value
n =199) (n = 149)

Age, mean % SD (yr) 47.2 £13.2 48.8 +14.4 0.21
Gender (%)

Male 56 61 0.47

Female 44 39

Race (%)

Black 64 55 0.19
Non-black 36 45
BMI (kg/m?2) 283+5.4 274+57 0.34
Peak PRA (%) 15.5+253 13.8+27.0 0.27
HLA mismatch 41 14 39+1.6 0.52
Causes of ESRD (%) 0.75
Diabetes 25 31
Hypertension 38 35
Nephritis 19 15
PCKD 8 6
Others 10 13
Induction (%) 55 51 0.51
Donors (%) 0.63
Living 26 29
Deceased 74 71
CIT (h) 17.8 7.2 185+ 6.4 0.24

SD: Standard deviation; BMI: Body mass index; PRA: Panel reactive anti-
bodies; HLA: Human leukocyte antigen; ESRD: End stage renal disease;
PCKD: Polycystic kidney disease.

for rejection of Banff grade 2 or higher. Acute antibody
mediated rejection (AMR) was diagnosed with positive
C4d staining in the peritubular capillaties and/or dem-
onstration of donor specific antibody. AMR was treated
with a course of 5 to 7 daily plasmapheresis and intrave-
nous immunoglobulin (IVIG) (150 mg/kg) in addition to
IV methylprednisolone and thymoglobulin.

Statistical analysis

The outcome measures included: (1) incidence of biopsy-
confirmed and clinically-treated acute rejection; (2) patient
and kidney graft survival; (3) quality of graft function;
and (4) incidence of clinically treated infections. Statistical
analyses were performed using Statistics Analysis System
(SAS) version 9.3 software (SAS Institute Inc, Cary, NC,
United Statas). Chi-squared or Fisher exact test was used
for count data, 7 test was used for continuous measures.
Product-limit estimates of survival curves were generated
by the Kaplan-Meier method and the survival difference
was analyzed by log-rank test. Multivariable logistic regres-
sion analysis with a stepwise variable selection was used for
examining risk factors of acute rejection. A P value < 0.05
was considered statistically significant. If there was no
data at or around the particular time point, the previous or
next available measure was used for analysis.

RESULTS

From 2006 to 2010, a total of 450 adult patients received
a primary kidney transplant in our center. All of them
were transplanted 3 to 7.5 years ago as of July 31, 2013,
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Table 2 Tacrolimus dose, trough level and kidney function in

the two groups

1 wk 1 mo 2 mo 1yr 3yr S5yr

Tacrolimus dose (mg/d)
Group1 109456 75+48 6.0+3.6
Group2 86+41 83+37 81+£32
Pvalue  0.004 0.03 <0.001
Tacrolimus trough level (x 10 mg/L)
Group1 11.3+21 97+£19 93+17
Group2 10.7+1.8 102+£2.0 95+1.6
Serum Cr (x 10 mg/L)
Group1l 22+13 1.7+11 15+09
Group2 19+11 17+09 1.6+0.7

56+38
7.8+£3.0
<0.001

53+3.1
70+£22
<0.001

49+28
62+25
<0.001

8.6+21 +

9.0+18 58+1.7
1.6+0.8
8 15+0.7

which is the end of the study petiod. Table 1 summarizes
the demographic characteristics at the time of kidney
transplants, and shows that there was no significant dif-
ference between the 2 groups. The total daily tacrolimus
dose, 12-h trough level and graft function (serum creati-
nine) are summarized in Table 2. Both groups achieved
similar targeted trough levels at all times according to our
immunosuppressive protocol. Compared to Group 2,
Group 1 initially required higher dose of tacrolimus dur-
ing the first week of transplant. With administration of
ketoconazole, their daily tacrolimus dose decreased. Sub-
sequently, Group 1 required significantly lower dose of
tacrolimus in the first month and in all times after that.
The graft function remained comparable between the 2
groups.

The key post transplant events are summarized in Ta-
ble 3. The delayed graft function (DGF) was defined by
an inadequate renal function that required dialysis sup-
port in the first week after transplant. In both groups,
the percentage of patients who had DGF was similar.
Acute rejections were the biopsy-confirmed and clini-
cally-treated ones. The 5-year cumulative incidence of
acute rejection was significantly higher in Group 1 than
Group 2, but the types of rejection were not different.
There was no significant difference in the incidence of
CNI toxicity or infectious disease between the 2 groups.
Here, the CNI toxicity was the renal toxicity confirmed
by kidney biopsy and required CNI dose reduction.

There was no statistical difference in graft survival by
Kaplan-Meier analysis between the two groups (Figure
1A). The estimated graft survivals at 1, 3 and 5 years
wete 92.4%, 82.4% and 74.3% in Group 1, and 94.6%,
83.8% and 76.4% in Group 2 (Log-Rank P = 0.58).
There was no difference in patient survival between the
2 groups (Figure 1B). The Kaplan-Meier estimated 1,
3, and 5 years patient survivals were 96%, 91.4% and
87.8% in Group 1, and 96.6%, 90.5%, 87.5% in Group 2
(Log-Rank P = 0.93). The causes of graft loss and death
were listed in Table 3. There was no statistical difference
in the overall causes of graft loss or patient death be-
tween the 2 groups.

The risk factors for acute rejection were examined by
multivariable logistic regression analyses. The identified
significant factors are listed in Table 4. We found that ke-
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Table 3 Post transplant events and causes of graft loss and

patient death

Group 1 Group 2 P value
(n=199) @@ = 149)
Posttransplant events, 1 (%)
Delayed graft function 56 (28) 39 (26) 0.77
Acute rejection 68 (34) 27 (18) 0.01
Type of rejection 0.49
Cellular rejection 49 17
Antibody rejection 14 6
Both rejections 5 4
CNI toxicity 8 (4) 15 (10) 0.09
Infectious diseases 63 (32) 54 (36) 0.37
Type of infection 0.67
CMV 32 22
BKV 14 13
HSV 5 6
Bacteria 7 10
Fungus 5 3
Total graft loss, 1 (%) 52 (26) 35 (23) 0.57
Causes of graft loss 0.88
DWEFG 22 16
CAN 17 10
Rejection 9 5
Infection 2 3
Others 2 1
Total patient death, 1 (%) 27 (14) 18 (12) 0.68
Causes of death 0.88
CVD 14 10
Infections 6 5
Malignancy 2 2
Others 3 1

CNI: Calcineurin inhibitor; CMV: Cytomegalovirus; HSV: Herpes simplex
virus; CVD: Cerebrovascular disease.

Table 4 Multivariable analysis of risk factors for acute rejection

Hazard ratio  95%Cl P value
Race (black vs non-black ) 2.68 1.67-6.73 0.032
Donor (living vs deceased) 0.32 0.11-0.94 0.038
Ketoconazole (yes vs no) 255 1.33-4.07 0.003
Delayed graft function (yes vs no) 2.14 1.22-3.73 0.008
Infection (yes vs no) 1.89 1.04-3.48 0.038
Tacrolimus dose (mg/d) in 2" month 0.89 0.75-0.96 0.041

toconazole usage was an independent risk of acute rejec-
ton ((HR = 2.33, 95%CI: 1.33-4.07; P = 0.003). Tacro-
limus dose at each time point was also tested. The daily
dose of tacrolimus in the 2™ month after transplant was
a significant factor in determining the risk of rejection
(HR = 0.89, 95%CI: 0.75-0.96; P = 0.041), ‘.., the high-
er the daily dose, the lower the risk of rejection. Other
commonly described risk factors in literatures, such as
black ethnicity, DGF and infectious complications were
also demonstrated in our study, while live donor kidneys
were associated with lower risk of rejection compared to
the deceased donor kidneys.

DISCUSSION

Tacrolimus remains a backbone of modern immunosup-
pressive therapy in solid organ transplants. Due to the
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Figure 1 Kaplan-Meier estimated survival. A: Kidney graft survival; B: Pa-
tient survival.

numerous adverse effects, narrow safety margin and large
intra- and inter-individual variability in pharmacokinet-
ics, therapeutic monitoring is mandatory' . The normal
pharmacokinetic curve of tacrolimus has a peak-and-
trough pattern. A rapid peak phase reflects the absorp-
tion after an oral dose while a slow slope towards trough
level reflects the drug metabolism. Ideally, tacrolimus
dosing should be based on a 12 h area under the curve
(AUC) that indicates the extent of systemic exposure. In
clinical practice, oral doing is usually guided by monitor-
ing 12 h trough levels, because of the convenience for
blood sampling and the assumed correlation between
trough level and AUCP*™Y However, this correlation
varies considerably and the best sampling time for a spot
tacrolimus level to predict its total body exposure remains
controversial®**'". The advance in pharmacogenetics
has led the discovery of several gene polymorphisms in
P450 family, which explains the inter-individual vatiabil-
ity of tacrolimus metabolism!>"'. Transplant patients
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expressing P450-3A5 (expressers) were shown to need
higher doses of tacrolimus than non-expressers to reach
similar trough levels'™>',

Our study suggests that co-administration of keto-
conazole with tacrolimus increase the risk of acute rejec-
tion. The 5-year cumulative incidence of acute rejection
was significantly higher in Group 1 (34%) than Group
2 (18%), although the types of rejection were not dif-
ferent. Both groups achieved similar targeted trough
levels at all time-points according to protocol. Compared
to Group 2, Group 1 initially required higher dose of
tacrolimus in the first week of transplant. As expected,
their daily tacrolimus dose decreased with addition of
ketoconazole. Subsequently, group 1 had significantly
lower dose of tacrolimus in the first month and at all
times after that. The risk factors for acute rejection were
examined and we found that the use of ketoconazole
was an independent risk of acute rejection (OR = 2.33,
95%CI: 1.33-4.07; P = 0.003). The daily dose of tacto-
limus in the 2™ month after transplant was protective
from rejection (HR = 0.89, 95%CI: 0.75-0.96; P = 0.041),
i.e., the higher the daily dose, the lower the risk of rejec-
tion. This suggests that higher incidence of rejection
may be directly related to the reduced dose of tacrolimus
from the co-administration of ketoconazole.

Previous studies from Egypt reported long-term
safety and financial savings of coadministration of ke-
toconazole with cyclosporine in 51 patients after living-
related kidney transplants' "
studied the coadministration of ketoconazole with ta-
crolimus™. A total of 70 live donor kidney transplant
recipients were randomized into ketoconazole group (100
mg/d) and control group (without ketoconazole). By
six months, ketoconazole group experienced significant
reduction of tacrolimus dose (by 58.7%) and cost (by
56.9%)". After 2 years, ketoconazole group still had a
remarkable reduction of tacrolimus dose (by 53.8%) and
financial cost (by 52.9%). Thete was no adverse effect
of ketoconazole throughout the 2 years”. None of the

| The same group further

Egyptian studies noted higher incidence of acute rejec-
tion with ketoconazole. Out current study is different
from theirs in many aspects. In addition to a larger pop-
ulation and longer follow-up, our transplant recipients
were more heterogeneous where the majority of patients
were African Americans (64% in Group 1). Deceased
donor kidneys (74%) rather than living-donor kidneys
were the dominant allografts and about 30% of patients
experienced DGF after transplants. Many patients were
also highly sensitized and/or pootly matched with do-
nors. Therefore, our patients would be considered to
have higher risk for acute rejection“g’zo]. This may explain
the difference in the results. Similar to their studies, we
did not found any toxic side effect of using low dose of
ketoconazole in kidney transplant patients.

In HIV-infected transplant patients, we have experi-
enced difficulties in dosing CNI. As reported previously,
the acute rejection rates were unexpectedly high (31% at
1 year, and 41% at 3 years) in HIV-infected kidney recip-
ients despite the fact that their targeted trough levels of
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CNI were similar to non-HIV patients. More than half
(52%) of acute rejection episodes did not respond to
steroid therapy[()]. Even in HIV-infected liver transplant
recipients, about half of the acute rejections occurred
within the first 3 wk of transplantm. The protease inhibi-
tor (also a potent inhibitor of P450-3A and P-glyco-
protein) used to control HIV infection in these patients
likely changed the normal pharmacokinetic curve of
CNI. Jain e# al' found that the pharmacokinetic curves
of tacrolimus in these patients did not show a normal
peak-and-trough pattern, but rather resembled a flat line.
Recently, van Maarseveen ¢f /"' studied the pharmaco-
kinetics of tacrolimus in patients receiving ritonavir. It
was found that their pharmacokinetic curves lacked an
absorption peak every 12 h. When similar trough level
was targeted, their mean 12-h AUC was approximately
44% lower than the AUC in HIV-negative recipients.
Therefore, the authors suggested that the trough levels
of tacrolimus in the HIV-positive patients receiving rito-
navir should be approximately 40% higher compared to
HIV-negative recipients in order to achieve an equivalent
exposure (AUCs) of tacrolimus. Indeed, the previous
study also noted that a higher tacrolimus trough level
was associated with a decreased risk of first rejection (HR
= 0.90; 95%CI: 0.81-1.00; P = 0.04) in HIV-infected
transplant patients{(’l.

Interestingly, a recent study found that HIV could
infect the transplanted renal allografts despite undetect-
able viremia. The reinfection of HIV in tubular cells
was hypothesized to stimulate immune responses and

increase the risk of rejection”. A dysregulated immune
response in HIV-infected host was also proposed by oth-
ers®’. However, a French report showed similar rejec-
tion rates (15%) after kidney transplants in HIV-infected
patients »s non-infected patientsm. They attributed the
lower rejection rate to the use of raltegravir (an integrase
inhibitor)-based antiviral therapy, which does not inhibit
P450 system. Subsequently, their patients had “normal”
exposures to CNI. Lack of higher incidence of rejection
in the French study does not support the hypothesis of
cither viral infection or dysregulated immune response
as the predominant mechanism for the higher rejection
rates observed in the United States study. Taken to-
gether, a more plausible explanation appears to be lower
exposure to CNI due to co-administration of protease
inhibitor in these HIV-infected recipients.

We speculate that similarly altered pharmacokinetic
phenomenon would exist in our patients, which could
explain our result. Co-administration of ketoconazole
lowered the dose of tacrolimus and flatted the normal
peak-and-trough curve, therefore, decreased the AUC of
tacrolimus and increased the risk of acute rejection.

Our study is limited by its retrospective nature, single
center data, and lack of peak level monitoring and AUC
data of tacrolimus. Nevertheless, it is the first report of
high risk of rejection associated with coadministration of
ketoconazole with tacrolimus in HIV-negative transplant
recipients. This is consistent with the results in HIV-in-
fected transplant patients. It is an important issue for car-

August 6, 2014 | Volume 3 | Issue 3 |



Khan E et a/. Ketoconazole and tacrolimus co-administration

ing those patients with financial difficulty. This issue may
be particularly relevant in the developing countries where
co-administration of an inexpensive P450-3A inhibitor is
a common practice to cut costs associated with expensive
CNI. Our data suggests that high vigilance and careful
monitoring is necessary, especially if other risk factors of
rejection are present. Cleatly, a prospective, randomized
or a self-controlled study is needed to characterize the
pharmacokinetic curves of tacrolimus with ketoconazole,
so that a higher trough level can be proposed for clinical
practice.

COMMENTS

Background

Tacrolimus is mainly metabolized by cytochrome P450 enzymes and ketocon-
azole is a potent inhibitor of P450. Transplant programs often use ketoconazole
to reduce the tacrolimus dose and financial cost. But the long-term safety of this
combination in kidney transplant recipients remains to be studied.

Research frontiers

This experience in human immunodeficiency virus (HIV) infected patients has
noted unexpected high incidences of acute rejection after kidney and liver
transplants. In these patients, the targeted trough levels of calcineurin inhibi-
tors (CNIs) were consistent with those in non-HIV recipients, but their required
doses of CNI were significantly lower due to the necessary treatment with anti-
retroviral protease inhibitor, which inhibits P450 enzymes.

Innovations and breakthroughs

Due to the altered pharmacokinetics of CNI by P450 inhibition from protease
inhibitor, the total exposure to CNI (area under curve) is considerably low. This
may explain the higher-than-expected rejection rates in HIV infected patients. In
the current study, the authors have reported similar outcome from the coadmin-
istration of ketoconazole with tacrolimus in non-HIV infected kidney transplant
recipients.

Applications

Coadministration of a P450 inhibitor to cut the dose and cost of tacrolimus
may increase the risk of graft rejection. High vigilance and careful monitoring
is necessary. A prospective, randomized or a self-controlled study is needed to
characterize the pharmacokinetic curves of tacrolimus with ketoconazole, so
that a higher trough level can be proposed for clinical practice.

Terminology

Kidney transplant: remove a kidney from a donor and put it into a patient with
kidney failure; Rejection: recipient body attacks donor kidney as a foreign ob-
ject; tacrolimus: a key drug to prevent rejection; ketoconazole: a cheap antibiot-
ics that inhibits the breakdown of tacrolimus, therefore, saves the dose and cost
of tacrolimus.

Peer review

This is a needed study exploring the outcome of attempting to reduce the dose
of tacrolimus by adding ketoconazole to the regimen in first kidney transplant
recipients to reduce the cost of immunosuppressive drugs. The interest of this
work lies primarily in the observation of the authors regarding the five-year
cumulative incidence of acute rejection in the group with ketoconazole and the
consequently conclusion that the use of ketoconazole was an independent risk
of acute rejection. The overall study is correct and the literature is to date.
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