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ABSTRACT

Background: Tacrolimus (TAC) is important immunosuppressant given for graft
survival after renal transplant. Recent studies have proposed TAC metabolism rate
(blood concentration normalized by TAC daily dose or C/D) may affect kidney outcome.

Methods: A retrospective study was performed to determine whether TAC
metabolism rate affects the renal function among Hispanic renal recipients. Of the 303
kidney allograft recipients, 165 patients were included in the study. Study population
were divided into fast (C/D ratio <1.54) and slow (C/D ratio 21.55) metabolizer group.
The renal function was evaluated by creatinine clearance (CrCl) using Cockcroft-Gault
nomogram.

Results: Slow metabolizers showed that TAC doses were significantly lower than
fast metabolizers through the one-year follow-up period (p<0.05). The mean TAC trough
levels of slow metabolizers were significantly higher than those of faster metabolizers
at 1month and 6 months (1 month: 7.0 + 2.3 vs. 6.0 + 2.0 ng/mL, p=0.003; 6 months: 6.7
+2.4vs59+1.8ng/mL, p=0.012) Compared with fast metabolizers, slow metabolizers
showed significantly lower CrCl at discharge (ml/min) (28.0 + 21.6 vs. 35.6 * 25.6,
p=0.04), 1 month (52.0 + 16.6 vs. 61.4+22.4,p=0.03), 3 months (58.3+18.7 vs. 64.9+18.1,
p=0.025) and 12 months(61.7+23.5 vs. 68.9£21.0, p=0.045) after transplantation.

Conclusion: This study demonstrated that TAC slow metabolizers exhibit
significantly poor kidney function compared to fast metabolizers in Hispanic patients.
We may predict the renal outcome following renal transplantation with using C/D ratio.

Keywords: Tacrolimus concentration-to-dose ratio (C/D ratio); Renal Function; Kidney
Transplantation

Introduction

Tacrolimus (TAC), a Calcineurin Inhibitor (CNI), is the
immunosuppressive drug of choice after renal transplantation
because it has reduced acute rejection and improved renal function
and graft survival [1,2]. However, many factors make management
of tacrolimus complicated: its narrow therapeutic index, the
large inter and intra individual variations in its pharmacokinetics
characteristics, pharmaceutical interactions and polymorphisms

in genes encoding TAC metabolizing enzymes [3,4]. A narrow

therapeutic window and proven association between drug
concentration and effect requires to perform Therapeutic Drug
Monitoring (TDM) of tacrolimus routinely [5]. Subtherapeutic level
increases the risk of acute rejection and development of de novo
donor specific antibodies (dnDSA) [6] whereas supratherapeutic
level increases the risk of adverse effects such as nephrotoxicity,
neurotoxicity, infection, diabetes and malignancies. Therefore, it
is necessary to keep a balance between efficacy and toxicity of the
tacrolimus [7,8].
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However, although blood levels fall within the therapeutic
range, the actual efficacy or adverse effect may be different due to
variability of interindividual susceptibility in drug response [9].
The determinants for variability between individual recipients
and susceptibility to CNI nephrotoxicity comprises multiple
clinical factors, such as kidney age, gender, body mass index,
albumin, corticosteroids, food component, comedication, hepatitis,
diabetes, function of cytochrome P450(CYP)3A5, CYP3A4,
and p-glycoprotein [1,5,10-20]. For this reason, intra-patient
variability makes no consensus on the appropriate interpretation
of tacrolimus trough level monitoring [8]. Additionally, efficacy and
side effects are determined by unbound concentrations, whereas
TDM uses whole blood concentrations poorly related to the area
under the concentration-time curve, so there might be a limit to
predicting the effect exactly [3-13]. Nankivell et al suggested local
exposure of tacrolimus could be more than essential than systemic
exposure in regarding nephrotoxicity [14]. Furthermore, relying on
TDM data takes 1 month for recipients to achieve stable therapeutic
tacrolimus dosing [9].

Therefore, ultimately, we need the personalizing CNI therapy
based on understanding the factors that determine drug disposition
in individual patients [3]. Also, it is clear reliable predictive marker
is necessary to estimate efficacy and side effect of tacrolimus to
protect graft for tacrolimus-treated kidney recipient. From this, it
has been investigated about tool to optimize the individual doses
of tacrolimus to achieve therapeutic targets and parameter for
categorize high-risk patients identified by high metabolite rate to
develop tacrolimus side effects [15]. The previous several studies
have been explored the C/D ratio (TAC trough concentration/daily
TAC dose) which define tacrolimus metabolization as a potential
predictor of nephrotoxicity and acute rejection, or even higher
mortality independently for tacrolimus-treated patients after
transplantation [15-18]. Even though ethnicity is one of the factor
for interindividual variability of drug metabolism and response
[19]. there have been no studies based on specific ethnic variability

about tacrolimus metabolization rate influencing clinical outcome.
Objective

We aim to determine whether the rate of the metabolism of TAC
affects the renal function after renal transplantation and evaluate
whether the C/D ratio can be reliable clinical predictor to estimate
risk on allograft loss after kidney transplantation among Hispanic

patients.
Materials and Methods

Study Subjects

We analyzed retrospectively data from 303 Hispanic patients
who underwent renal transplant from January 1, 2013 to December
31, 2017 at the St. Vincent Medical Center (USA). All patient data
was de-identified and anonymized prior to analysis. This study was
approved by the Institutional Review Board for Human Subjects

of St. Vincent Medical Center. Kidney recipients who use TAC as a
part of immunosuppressants had been included for over one year.
Exclusion criteria were: Patients who received an extra-renal organ
(i.e., pancreas); The patients’ kidney function who did not last more
than 3 months; Patients lost to follow up. The following parameters
were examined: recipient’s age, height, weight, Body Mass Index
(BMI), gender, cause of End-Stage of Renal Disease (ESRD), donor
type, blood pressure, daily TAC dose and trough levels of TAC (at
1, 3, 6,9 and 12 month), creatinine clearance (at discharge and at
1,3, 6, 9 and 12 month). BMI was calculated by dividing the body
weight to the square of the height. Glomerular Filtration Rate (GFR)
was estimated from creatinine clearance values with the use of the
Cockcroft-Gault formula.

Tacrolimus Metabolism Rate

Once all data was collected, tacrolimus metabolism rates were
calculated by dividing the TAC trough Concentration (C) by the
corresponding daily TAC dose (D), as published using the following
formula [16]. C/D ratio (ng/mL x 1/mg) = blood TAC trough level
(ng/mL)/daily TAC dose (mg) TAC metabolism rate was determined
at discharge time and at month 1, 3, 6, 9 and 12 after renal
transplantation. The mean C/D ratio of the six periods used for
patient categorization. We decided the C/D ratio thresholds based
its mean value (1.93 ng/mL x 1/mg) because it showed symmetric
distribution. Since the mean value of the C/D ratio in this study
was higher than the mean value (1.29ng/mLx1/mg) shown in the
previous study, we decided that the C/D ratio (between 1.05 and
1.55), which previously defined the intermediate group, was also
included as the fast metabolizer group. We used cut-off C/D ratio of
1.55 ng/mL x 1/mg, so patient with a TAC C/D ratio <1.55ng/mL x
1/mg were defined as fast metabolizer and TAC C/D ratio >1.55 ng/
mL x 1/mg were categorized as slow metabolizer.

Statistical analyses

The demographic and clinical characteristics of the patients
are presented as mean, Standard Deviation (SD), and percentage.
The Chi-squared test for categorial variables and the independent t-
test for continuous variables were used to compare the 2 different
TAC metabolism groups. P value < 0.05 was considered statistically
significant. Statistical analysis was performed using IBM SPSS
Statistical Analysis Software Program version 24 (Armonk, NY: IBM
Corp.).

Results

Study patients

A total of 303 self-reported Hispanic patients who had renal
transplantation were recruited into this study. From these patients,
165 kidney allograft recipients were fulfilled our study inclusion
criteria and they were categorized in two groups with different TAC
metabolism rates. Ninety-two recipients (55.8 %) were classified
as slow metabolizers and 73 recipients (44.2%) were categorized
as fast metabolizers.
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Study patients’ demographic and clinical characteristics

Baseline patient characteristics for slow and fast metabolizers
are shown in Table 1. The recipient’s height showed a statistically
correlation with the metabolism rate. Fast metabolizers were taller
than slow metabolizers (p<0.001). Except for height, there were
no significant differences in demographic features and clinical
characteristics between metabolizer groups (Table 1). The mean (*

Table 1: Patients characteristics.

SD) age for slow metabolizers and fast metabolizers was 54.9 + 9.9
years and 52.7 + 12.0 years. Fifty-five (59.8%) of slow metabolizers
and 52 (71.2%) of fast metabolizers were male. Majority of donor
type of slow and fast metabolizers was the decreased donor (94.6%
vs 91.8%). The proportion of patients diagnosed with diabetes as
cause of ESRD was 54.3% and 42.5% in slow and fast metabolizers,
respectively.

Slow Metabolizers (n = 92) Fast Metabolizer (n = 73) p-Value
Weight (kg) 71.9 +13.8 74.6 +12.9 0.206a
Height (m) 1.60 0.1 1.65+0.1 0.000 a
BMI (kg/m?) 28.1+4.8 273 %43 0.299 a
Age (years) 549+99 52.7+12.0 0.213a
Gender n (%) 0.142b
Male 55(59.8) 52 (71.2)
Female 37 (40.2) 21(28.8)
Donor type (%) 0.540 b
Deceased 87 (94.6) 67 (91.8)
Living 5(5.4) 6 (8.2)
Diagnosis of ESRD (%) 0.159b
Diabetes 50 (54.3) 31 (42.5)
Others 42 (45.7) 42 (57.5)

Note: Results are presented as mean * standard deviation (SD)
ap-value is from the independent t-test b p-value is from the Chi-

squared test

Tacrolimus Daily Dose, Trough Level and Metabolism
Rate

At 1, 3, 6,9, and 12 months, the mean daily dose for TAC was
significantly higher in fast metabolizers than slow metabolizers

(Table 2). Fast metabolizers required more than twice of the TAC
maintenance dose compared to slow metabolizers for entire follow-
up period. The mean TAC trough levels of slow metabolizers were
significantly higher than those of faster metabolizers at 1 month
and 6 months after renal transplantation (1month: 7.0 + 2.3 vs 6.0
+ 2.0 ng/mL, p = 0.003; 6 months: 6.7 + 2.4 vs 5.9 + 1.8 ng/mL, p =

0.012). At all points, there were no differences of blood pressures

between two groups (Table 2). As shown in Figure 1, the C/D ratio had symmetric distribution. The mean C/D ration values was 1.93 *

1.068 ng/mL x 1/mg (range 0.35 to 5.74).

Table 2: Medication dose, blood trough concentration and mean blood pressure at points.

Slow Metabolizers (n=92) Fast Metabolizer (n=73) 95% CI p-value
Mean daily dose (mg)
After 1 month 32+1.6 71+4.2 2.94 t0 4.82 0
After 3 months 33+1.2 7.3+3.5 3.23t0 4.79 0
After 6 months 2912 6.6 +3.3 2.94t0 4.38 0
After 9 months 2.6+09 6.0+29 2.77 t0 4.03 0
After 12 months 2309 57+2.6 2.84t03.98 0
Mean trough level (ng/ml)
After 1 month 7.0+23 6.0 £2.0 -1.72 t0 -0.36 0.003
After 3 months 6.5+2.2 6.2+19 -0.99 to 0.30 0.292
After 6 months 6.7 +2.4 59+18 -1.51t0-0.19 0.012
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After 9 months 6.4+44 57+19 -1.82t0 0.40 0.212
After 12 months 6.4+27 57+2.6 -1.53t0 0.14 0.103
Mean blood pressure (mmHg)
After 1 month 90.7 £10.6 923+11.3 -1.76 to 4.98 0.346
After 3 months 92.5+10.4 90.8+9.8 -4.84 to 1.43 0.285
After 6 months 93.3+99 92.6 +10.1 -3.82t0 2.41 0.655
After 9 months 929+94 90.7 £10.2 -5.24 t0 0.87 0.159
After 12 months 93.1+£9.0 92.5+8.6 -3.37 to 2.15 0.662
significant decreased CrCl compared to fast metabolizers (Figure 2)
The univariate change of the CrCl in the one-year follow-up period
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Figure 1.

Renal Function

Renal function is evaluated with creatinine clearance using
Cockcroft-Gault formula. Table 3 presents CrCl between slow
and fast metabolism at discharge and 1, 3, 6, 9 and 12 months
after renal transplantation. The delta CrCl were the difference
between at 1month and each point 3, 6, 9 and 12 months after
transplantation. In the one-year follow-up period, the CrCl values
of two groups showed increasing trend. At discharge point and
1, 3 and 12 months after transplantation there were significant
differences of CrCl values between slow and fast metabolizers (at
discharge: 28.0 + 21.6 vs 35.6 * 25.6, p = 0.042; 1 month: 52.0 +
16.6vs 61.4 + 22.4,p=0.003; 3 months: 58.3 + 18.7 vs 64.9 + 18.1, p
= 0.025; 12 months: 61.7+23.5 vs. 68.9+21.0, p=0.045). Compared
with fast metabolizers, slow metabolizers showed significantly
lower CrCl at those point. The delta CrCl was defined as differences
between one month and each point month by subtracting the
former from the latter. Between the metabolism groups there were
no significant difference of delta CrClI at all points (Table 3). At one

month after renal transplantation slow metabolizers showed a
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Table 3: CrCl value and A CrCl between the metabolism groups.

Slow Metabolizers (n=92) Fast Metabolizer (n=73) 95% CI p-value
CrCl (ml/min)

At discharge 28.0 +21.6 35.6+25.6 0.26 to 14.87 0.042
After 1 month 52.0£16.6 61.4+22.4 3.35t0 15.44 0.003
After 3 months 58.3+18.7 64.9 +18.1 0.82to 12.30 0.025
After 6 months 60.8 £20.2 67.1+21.1 -0.12t0 12.73 0.054
After 9 months 62.0 £20.2 67.4+215 -1.12 t0 11.90 0.104

After 12 months 61.7 £23.5 68.9 +21.0 0.16 to 14.29 0.045
A CrCl (ml/min)

After 3 months 6.3+11.1 3.4+14.7 -6.81to 1.15 0.162
After 6 months 8.8+13.7 5.7+17.0 -7.82 to 1.66 0.201
After 9 months 10.0 + 14.1 49+19.6 -10.1to 0.12 0.056
After 12 months 9.0+16.4 7.9+18.7 -6.60 to 4.35 0.685

Discussion

Our study evaluated how much the rate of the metabolism
of TAC affects the renal function after renal transplantation and
investigated whether the C/D ratio can be reliable clinical predictor
to estimate risk on allograft loss after kidney transplantation
among Hispanic patients. There are many factors affecting
the bioavailability and metabolism of tacrolimus including
CYP3A4/5,

ethnicity, medication, food, intestinal pathology, concomitant

polymorphism of intestinal p-glycoprotein, age,
disease, such as liver and kidney diseases, hypoalbuminemia, and
anemia [7,20]. The combined use of steroids and tacrolimus may
change tacrolimus pharmacokinetics by enzymatic induction and/
or p-glycoprotein efflux transporter in the intestine and liver. The
higher dose steroid can lead to reduce tacrolimus blood levels
and require higher tacrolimus dose to achieve therapeutic level of
immunosuppressive effect [2,18]. Although controversial, Single
Nucleotide Polymorphisms (SNPs) in genes coding CYP 3A4/5 and
p-glycoprotein efflux transporter (ABCB1: ATP-binding cassette
subfamily B member1) can affect tacrolimus metabolizing rate in
kidney recipients [4,9,21-29].

Itis demonstrated that specific alleles of CYP 3A4/5 and ABCB1
were associated with TAC rapid metabolization and contributed a
lower estimated glomerular filtration rate [22]. The expressor
patients with CYP3A5*1/*1 or *1/*3 genotype require the higher
tacrolimus dose to get targetlevel due to the high level of metabolism
in intestine and hepatic line, while the non-expressor patients
with CYP3A5*3/*3 need lower dose due to slow metabolism rate
[7,23,24]. In other words, fast metabolizers, characterized by a
high tacrolimus requirement to reach the target trough level, has
shown the small C/D ratio and presented CYP 3A5 *1/*1 expressor,
while slow metabolizers need small dose to achieve targeted

concentration, characterized as CYP 3A5 *3/*3 nonexpresser

recipients exhibiting the large C/D ratio [4,18,20,21,25]. According
to one report, which has shown ethnic variability in the frequencies
of polymorphism in gene encoding for drug metabolizing enzyme,
Hispanic population in the US has the largest frequency in CYP3A5*3
(0.245-0.867) and a higher prevalence of CYP2C9*3, CYP2C19*4,
and UGT2B7 1VS1+985 A>G compared to that in non-Hispanics
[26]. More than 80% of Caucasians are non-expressors i.e. the
CYP3A5%*3 [7]. In our study, patients who were categorized as slow
metabolizers (55.8 %) were more than fast metabolizer (44.2%).
The mean C/D ratio values also higher than that of previous study
(1.93 mg/mL x 1/mg vs, 1.29ng/mL x 1/mg) [16]. This result
reflected majority of Hispanics have CYP3A5*3 genotype and can
be categorized the slow metabolizers with low dose of tacrolimus

requirement and high C/D ratio in our study.

There have been several studies related to the relationship
between TAC level and allograft outcome. It has been suggested
that higher tacrolimus trough-level variability was related with
inferior renal graft outcome [25].The mechanism of action by
which CNI increases nephrotoxicity can be explained as follows:
vasoconstriction of afferent and efferent glomerular arterioles,
and reduction of renal blood flow and GFR by decreased formation
of prostaglandin E2 and inhibiting COX-2 inhibition Nitric Oxide
(NO) synthesis [27-29].Based on the evidence of nephrotoxicity
correlated to the tacrolimus blood levels, some studies emphasized
TAC minimizing protocols and presented that low exposure TAC
have been shown to decrease premature allograft loss [11,29].
Studies on minimizing TAC exposure have shown a correlation
between mean trough levels and graft survival [11,30,31]. For
example. one largest randomized clinical trial with 1645 renal
recipients showed that reduced exposure to tacrolimus based
regimen (trough levels 3-7ng/ml) provided better estimated GFR
and allograft survival [11] whereas the usual therapeutic trough
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level is range from 5-20mg/L and for preventing toxicity the usual
range is 5-15mg/L [13]. However, when low exposure to TAC is too
much, it may contribute to de novo DSA formation so it should be
tailored to the degree of risk the patient has for preventing TAC-
associated nephrotoxicity [32].

Although tacrolimus TDM is essential for targeting, there is
the shortcoming of TDM that toxicity can occur even within the
therapeutic range. Therefore, new approach about personalized
use of tacrolimus considering intra-patient variability has been
required. A new concept, C/D ratio, might be able to help identify
patients at risk for TAC toxicity and can be used to individualize
and optimize tacrolimus therapy contributing to improved graft
outcomes. In several published studies, the C/D ratio can reflect
tacrolimus metabolism rate and the fast metabolizer has been
associated with relatively higher risk of impaired kidney functions
[15,17,19,21,33]. Thoélking et al and Jouve et al demonstrated
that the fast metabolizer with the lower the C/D ratio exhibited
significant lower eGFR, more prone to developing BK nephropathy
and the worse graft outcome, even death-censored graft loss, than
slow metabolizers [17,34]. Thoelking et al explained the possible
reason why fast metabolizer showed the impaired renal function:
fast metabolizers might have overexposure and toxicity in the first
hours after TAC administration [16-33]. The following strategy can
be suggested: after identifying individual risk of nephrotoxicity
predictively with C/D ratio, TAC minimizing protocol should be
applied to patients with low risk classified by C/D ratio. Recent
studies have shown that higher C/D ratios lower the risk of graft
loss, so TAC minimization is possible, while minimization is not

recommended for patients with low C/D ratios [15-18].

However, there are influencing factors on C/D ratio such as
CYP3AS5 gene polymorphism, race, hepatic function, age, time after
transplantation, hematocrit, and drug or food that induce/inhibit
CYP 3A and/or ABCB1 activity [35]. As aresult of this, itis necessary
to evaluate whether the C/D ratio can be reliable clinical predictor
to estimate risk on allograft loss. Gijsen et al found that younger
age and CYP 3A5 expressor were correlated with higher TAC dose
and lower tacrolimus concentrations for dose administrated, but
there is no association between CYP 3A5 or ABCB1 genotypes and
estimated GFR [24]. Kim et al. also failed to observe the association
between CYP3A genotype and kidney function even a 5-year follow
up period post renal transplantation [36]. It remains unclear
that fast metabolizers express the CYP3A5*1 predominantly and
influence renal function noticeably [23]. Additionally, Egeland
et al said that the patients with the high clearance increased risk
of biopsy-proven acute rejection (BPAR) significantly the first 90
days compared to the patients with the low clearance post renal
transplantation [19].

They hypothesized a high estimated tacrolimus clearance

(daily tacrolimus dose [mg]/trough concentration[mcg/L])

may result from a low oral bioavailability and might cause a low

intra-lymphocyte tacrolimus level requiring a higher dosage [19].
However, their study didn’t consider CYP3A influence and the
patients’ ethnicity [19]. These studies may help us to identify patient
with increased risk of acute rejection in early phase or impaired
renal function further by evaluating their TAC metabolism rate. In
our study, 165 kidney recipients taking TAC for immunosuppressive
therapy were included. We evaluated influence of an individual’s
metabolism of tacrolimus about the renal function. In accordance
with previous finding, we found that fast metabolizers had
significantly higher doses of tacrolimus at all time points analyzed
which correlates with the idea that fast metabolizers clear the drug
faster and would require high doses to reach target troughs than
slow metabolizers. However, our finding is contrary to previous
studies which have suggested that fast metabolizer showed
deteriorated renal function.

Compared with fast metabolizers, slow metabolizers showed
significantly lower creatine clearance at discharge, 1 month, 3
months and 12 months in our study population. We found that a
cut-off C/D ratio of 1.55ng/mL x 1/mg can identify patients with
increased risk of reduced GFR following transplantation. This
observation may suggest new possibility that slow metabolizers
with C/D ratio above 1.55 should be categorized into high risk
group developing impaired renal function in tacrolimus-treated
Hispanic patients after transplantation. It is not clear why this
observation is found only in Hispanic patients and our results do
not determine the cause of impaired graft function in slow TAC
metabolizers. But we can hypothesize that slow metabolizers do not
clear the drug as efficiently as fast metabolizers, and this may lead
to an increase exposure which may lead to nephrotoxicity or that
this may result from ethnically associated differences in intestinal
CYP3A or P-glycoprotein activity or both. Mancinelli et al compared
the pharmacokinetics for the main tacrolimus metabolite across
three ethnic groups, African American, white, and Latin American
and proposed ethnically associated differences in intestinal CYP3A
or p-glycoprotein activity [37].

Also, we observed slow metabolizers tend to be diabetic
compared to fast metabolizers, although not statistically
significant, may have contributed to be vulnerable to preserve
renal function. Thus, it is unclear whether mechanisms adequately
explain variations in renal function by metabolism rate in this
study group. Further research is needed to determine precisely
which factors contribute to worsening kidney function in slow
metabolizers in Hispanic group. This study has some limitations.
We conducted retrospective single center study and didn’t
control some confounders including drug interactions, comorbid
diseases and donor characteristics. However, we investigated one
strategy to personalize immunosuppressant management with
certain study population having specific genetic characteristics.
To our knowledge, this is the first study of Hispanic population

which examines associations between patients’ tacrolimus
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metabolism rate and clinical outcomes (renal function) after renal
transplantation. We showed non consistent association between
C/Dratio and graft function compared to previous studies. This new
understanding would help to improve predictions of the impact of
C/D ratio. Prospective, controlled and multicenter trials are needed
to determine whether C/D ratio can be powerful predictor of the

graft outcome.

Conclusion

Our finding shows that there are significant association
between C/D ratio and estimated GFR in tacrolimus-treated
Hispanic patients after transplantation. We suggest that slow
metabolizers with C/D ratio above 1.55 should be categorized
into high risk group developing deteriorated renal function after
transplantation. We propose the use of C/D ratio as alternative
methods for assessing tacrolimus exposure and we expect this
method can be useful tool to personalize tacrolimus therapy and to
ensure the safety of the patient by identifying those patients who
are at increased risk of developing CNI nephrotoxicity.
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