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Purpose: Tacrolimus is a calcineurin inhibitor that suppresses immunity by inhibiting T-lymphocyte activation. It has a high intra-
and inter-patient variability in its pharmacokinetics. Therefore, therapeutic drug monitoring is required to individualize the dose. High
tacrolimus trough level variability is associated with a higher risk of adverse effects. In practice, the initial dosing and sampling time of
tacrolimus levels is not standardized, which may result in resource wastage, frequent blood sampling, and a longer time to achieve
therapeutic levels. The aim of this study was to evaluate tacrolimus trough level variation and its correlation to clinical outcomes and
consequences.

Patients and Methods: A retrospective cohort study At King Abdulaziz Medical City in Riyadh, Saudi Arabia, 01/01/2018 to 31/12/
2021. Inclusion Criteria: >18 years old solid organ transplant patients who received tacrolimus as part of their initial immunosuppres-
sion regimen. Tacrolimus initial dosing, trough levels, and dose adjustments were recorded during the early post-transplantation period
(first 10 days). The coefficients of variation (CV%) in tacrolimus doses and trough concentrations were calculated and compared for
different demographics and clinical characteristics.

Results: The higher coefficient of variation in dose and trough level is associated with different demographic and clinical factors that
will predict the incidence of adverse events. In our study, there was a significant increase in adverse effect reporting in the high
variability group but was not clear for the risk of graft function, acute rejection, or infections.

Conclusion: The variation in trough levels is associated with clinical consequences. Therefore, better dosing strategies can be
modified to reduce the variation (fluctuation) which is associated with poor outcomes.

Keywords: concentration, variability, monitoring, clinical, therapeutic

Summary Statement

Tacrolimus is used as the main immunosuppressant and requires dosage adjustment and monitoring. This can be done by
measuring the trough level following the recommended dose administration. The variability in dosing resulted in variable
measured concentrations. This was evaluated by calculating the coefficient of variation. The clinical outcomes like

adverse effects, infections, as well as graft function, and acute rejection were evaluated among two distinct groups (high
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variation group and low variation group). This study may be utilized to avoid fluctuations in tacrolimus levels and may
lead to better optimization of doses at the initiation of the immunosuppressant. High tacrolimus trough level variability is
associated with a higher risk of adverse events. In practice, initial dosing and sampling time of tacrolimus levels are not
standardized, which may result in resource wastage, frequent blood sampling, and a longer time to achieve therapeutic
levels. The variation in trough levels is associated with clinical consequences. Therefore, better dosing strategies can be
modified to reduce the variation (fluctuation) which is associated with poor outcomes.

Introduction

Tacrolimus (TAC) has been the primary agent as immunosuppressive agent in solid organ transplants since the 1990s. It
is a potent calcineurin inhibitor that suppresses cellular immunity by inhibiting T-lymphocyte activation where it has
a significant contribution to considerable five-year survival rates after a solid organ transplant.'> Compared to the other
calcineurin inhibitor, cyclosporine, TAC is known to provide higher organ and patient survival rates. Therefore, it leads
to lower rejection rates and higher span and freedom from incidents of rejection.>

TAC is rapidly absorbed after oral administration reaching a maximum concentration (Cmax) in the blood within
a mean time (Tmax) of one to two hours. However, its absorption is highly affected by the composition of food where its
Cmax may significantly decrease along with prolongation of Tmax in the presence of fat-rich meals as well as high
carbohydrates and this could be attributed to its highly lipophilic character.®’ Its pharmacokinetics is best described by
a two-compartment model and first-order pharmacokinetics.® Its mean elimination half-life is about 12 hours which
indicates that it reaches the steady-state level within two to three days after multiple dosing.” TAC therapeutic level of
whole blood trough concentrations ranges from 5 to 20 ng/mL, while the usual range is reduced to 5-12 ng/mL to prevent
toxicity.'® Its bioavailability may vary widely in healthy subjects; however, it is approximately 15%. This drug is highly
bound to plasma proteins and other blood components with only 0.3—2% unbound or free in the plasma.'"'> The volume
of distribution (Vd) of TAC based on plasma concentration is about 30 L/kg, while based on whole blood it is much
lower where it is in the range of 1-1.5 L/kg and this is due to its extensive distribution into the erythrocytes.'® It is well
known that partitioning of TAC between plasma and red blood cells is rapid and due to this, it is preferable to use the
whole blood tacrolimus concentration rather than plasma concentration for therapeutic drug monitoring (TDM) assuming
normal levels of erythrocytes and proteins.'*

TAC has a narrow therapeutic index with high intra- and inter-patient variability in its pharmacokinetics; therefore,
TDM is required to individualize the dose to minimize toxicity and rejection rates.'> Tacrolimus clearance and its trough
level variabilities are affected by multiple factors including liver function, age, body weight, hematocrit, ethnic origin,
drug—drug interactions, gastrointestinal conditions, adherence, genotype, and genetic polymorphism in CYP enzymes.'¢ %
Routinely, its dose is only given based on body weight even though there is not much-supporting evidence for this practice
based on pharmacokinetic modeling.** Further or subsequent dosing is based on TDM which minimizes the patient’s
exposure to fluctuations outside the target range. However, to reach the target exposure, it may take up to 14 days.”
Therefore, during the first weeks after transplantation, patients are at increased risk of sub- or supra-therapeutic levels of
TAC resulting in an increased level of adverse effects and/or rejection. TAC trough level inter-patient and intra-patient
variabilities (IPV) have been linked to graft and patient survival, as high IPV could lead to worst graft outcomes and
biopsy-proven rejection.?¢°

In routine clinical practice, initial dosing and sampling time of TAC levels are not standardized which may result in
a waste of resources, frequent blood sampling, and a longer time to achieve therapeutic exposure. TAC trough level
concentration monitoring is a common practice necessary for dose adjustment. The variability of dosage adjustment and
consequently the trough level concentration will be evaluated during the transplantation surgery admission. This
coefficient of variation is a calculated parameter from the standard deviation divided by the average of all measurements.
This parameter indicates the level of variability towards having a stable initiation dose of TAC at the shortest time
possible and to avoid the production of sub- or supra-therapeutic levels during early time post-transplantation. We
proposed this study to investigate whether TAC-level variation upon the initiation period (the surgery admission) may
impose any effect on clinical outcomes. The retrospective study generated information that may help to establish
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guidelines that could assist healthcare providers in the monitoring of TAC trough levels in the blood and subsequent dose
adjustment.

Materials and Methods
Study Design, Setting, and Participants

This study is a retrospective cohort study conducted using data from electronic healthcare records (BEST Care) of solid
organ transplant patients at the Solid Organ Transplant Unit in King Abdulaziz Medical City, Saudi Arabia, from
January 1, 2018, to December 31, 2021. We included solid organ transplant patients who are >18 years old and received
TAC as a part of their initial immunosuppression regimen. The study included 384 patients, 292 of whom were kidney
recipients, and 91 patients were liver recipients. These patients were followed-up for 10 consecutive days to assess the
correlation between tacrolimus trough level variability and clinical outcomes. The study was approved by the
Institutional Review Board at King Abdullah International Medical Research Center (KAIMRC) in May 2022 (reference
number SP22R/027/03). Informed consent was waived due to the retrospective nature of the study, and the patient data
confidentiality was assured in compliance with the declaration of Helsinki. All organs were donated voluntarily with
written informed consent and that was conducted in accordance with the declaration of Istanbul.

Data Collection and Outcomes

The data collected for the study included patients’ demographic data, comorbidities (eg, hypertension, diabetes,
dyslipidemia, cardiac diseases, liver diseases, renal diseases, and history of latent tuberculosis), infections present during
the time of admission (ie, cytomegalovirus and Epstein Barr virus), and transplant-related factors (ie, type of organ
transplanted, human leukocyte antigen (HLA) matching, and transplant medications, which included both induction and
maintenance regimens). The appropriateness of the induction regimen was assessed for each patient. Appropriate pre-
operative induction regimen was defined as low-risk patients (ie, HLA A:B:DR mismatch of <2) receiving any acceptable
induction option, whereas moderate and high-risk patients (ie, HLA A:B:DR mismatch of >3) receiving anti-thymocyte
globulin (ATG) and steroids. For maintenance, all transplant recipients received TAC as per hospital protocol. TAC initial
dosing, trough levels, and dose adjustments were recorded and assessed for appropriateness during the first ten days after
transplantation. Appropriate initial dosing was defined as 0.1-0.15 mg/kg/day, and lower doses were considered
appropriate in the event of one or more of the following upon admission: history of uncontrolled diabetes (random
blood glucose of >12 mmol/L), neurological symptoms, or elevated serum creatinine. TAC dose adjustments were
appropriate if a change in dosing was performed once TAC levels were expected to be in a steady state (at least two days
since any dose increase, decrease, or hold). Screening of medications known to affect TAC levels was performed,
primarily interactions mediated by the cytochrome P450 3AS enzyme and P-glycoprotein. The CV was calculated in dose
as well as concentrations in the first 10 days post-transplantation. This was utilized to stratify the patients into two
groups: high variability and low variability groups. This stratification relied on the median value of the coefficient of
variation that will split our cohort into two distinct groups. For clinical outcomes, the patients were monitored throughout
the entire transplant admission period. Clinical outcomes included incidence and type of acute cellular rejection, delayed
graft function (ie, kidney transplant recipients in need of dialysis within seven days of transplantation), and any infection
causing prolonged hospitalization (> ten days). Incidence of TAC-induced side effects presenting within the ten-day
timeframe was documented (eg, hyperglycemia, headache, tremor, hypertension, nephrotoxicity) along with any neces-
sary dose adjustments. All demographics and baseline characteristics as well as clinical outcomes were compared among
the two distinct groups (high variability group > median coefficient of variation median and low variability group <
median coefficient of variation median).

Statistical Analysis

Statistical analyses were performed using IBM SPSS statistical software version 25.0 (SPSS Inc., Chicago, IL, USA),
and results are reported as mean + standard deviation. We assessed the normality of our potential predictor variables
using Kolmogorov—Smirnov tests with a p-value <0.05 indicating a non-normal distribution. The association between
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two categorical variables was assessed using the chi-square test or Fisher’s exact test if any group showed a frequency of
five or less. A comparison between two groups was performed using the Student’s #-test and a comparison between more
than two groups was performed using ANOVA with Bonferroni post hoc test. The association between two continuous
variables was evaluated using the Pearson correlation coefficient. In addition, logistic regression was used to explore the
relationship between predictor variables and categorical outcomes by the stepwise backward method after adjustment for
all possible confounding factors. Variables with p < 0.1 in the univariate analysis were included in the logistic regression
analysis. Two-tailed p-values below 0.05 were regarded as statistically significant in all analyses.

Results

Demographic and Clinical Characteristics in TAC Trough Level Variability Groups
The high TAC trough level variability group was characterized by lower body weight (69.9 + 17.4 kg vs 73.5+ 18.0, P =
0.047), lower BMI (27.4 £ 6.3 vs 26.2 £ 5.6 kg/mz, P =0.049), lower rate of hypertension (57.2% vs 69.4%, P = 0.014),
higher rate of renal disease (67.3% vs 45.8%, P = 0.005), higher rate of liver disease (93.7% vs 79.4%, P < 0.001),
a higher percentage of kidney transplant patients (66.7% vs 33.3%, P < 0.001), quadrable vs triple maintenance therapy
(73.4% vs 26.6%, P = 0.047), higher incidence of side effect (32.4% vs 14.3%, P = 0.017). Patients’ characteristics
according to the TAC trough level variability group are presented in Table 1.

Table | Patients Characteristics According to Tacrolimus Trough Level Variability Group

Variable Low TAC Trough Level High TAC Trough Level P value
Variability Group (n=198) | Variability Group (n=186)

Age (years) 46.4 + 14.7 465+ 15.8 0.944
Weight (kg) 735+ 18.0 69.9 £ 174 0.047%*
BMI (kg/m?) 274 63 262 +56 0.049*
Gender %(n)

Male 61.6 (122) 624 (116) 0.880
Female 38.4 (76) 37.6 (70)

Hypertension %(n)

No 30.6 (60) 428 (77) 0.014*
Yes 69.4 (136) 57.2 (103)

DM %(n)

No 623 (119) 61.4 (108) 0.853
Yes 37.7 (72) 38.6 (68)

Dyslipidemia %(n)

No 93.0 (172) 93.0 (160) 0.985

Yes 7 (13) 7 (12)

Liver Disease %(n)

No 54.2 (39) 32,6 (32) 0.005*
Yes 45.8 (33) 67.3 (66)
(Continued)
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Table | (Continued).
Variable Low TAC Trough Level High TAC Trough Level P value
Variability Group (n=198) | Variability Group (n=186)
Renal disease %(n)
No 6.3 (1) 20.6 (28) <0.001*
Yes 93.7 (164) 79.4 (108)
Cardiac disease %(n)
No 83.9 (156) 88.4 (153) 0.212
Yes 16.1 (30) 11.6 (20)
Hypothyroidism %(n)
No 93.5 (172) 93.0 (160) 0.864
Yes 6.5 (12) 6.9 (12)
CVA %(n)
No 99.5 (183) 99.4 (171) 1.000
Yes 0.54 (1) 0.58 (1)
Organ transplanted %(n)
Kidney 85.3 (168) 66.7 (124) <0.001*
Liver 14.7 (29) 33.3 (62)
Induction therapy %(n)
No 1.0 (2) 3.3 (6) 0.161
Yes 98.9 (194) 96.7 (176)
Appropriate induction %(n)
No 2.1 (4 4.8 (8) 0.158
Yes 97.9 (188) 95.2 (160)
Maintenance therapy %(n)
Triple 18.2 (36) 26.6 (49) 0.047*
Quadrable 81.8 (162) 73.4 (135)
Appropriate starting dose %(n)
No 11.2 (22) 17.9 (33) 0.063
Yes 88.8 (174) 82.1 (I51)
Incidence of side effects %(n)
No 85.7 (48) 67.6 (50) 0.017*
Yes 14.3 (8) 324 (24)
(Continued)
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Table | (Continued).

Variable Low TAC Trough Level High TAC Trough Level P value
Variability Group (n=198) | Variability Group (n=186)

Infection %(n)

No 90.9 (180) 86.8 (158) 0.203

Yes 9.1 (18) 132 (24)

Rejection %(n)

No 94.6 (174) 94.2 (163) 0.887

Yes 5.4 (10) 5.8 (10)

AKI %(n)

No 97.5 (193) 94.6 (175) 0.737

Yes 2.5 (5) 5.4 (10)

Note: *Indicates significant difference.

TAC Trough Levels and Coefficient of Variation (CV)

There was no significant difference in the mean TAC levels between the low and high TAC variability group (7.54+ 2.33 vs
7.12 £ 2.54, P = 0.089). Similarly, there was no significant difference in the mean TAC dose between the low and high TAC
variability group (6.57 + 2.31 vs 6.62 £ 2.80, P = 0.835). Patients in the high TAC trough level variability group had lower
mean dose-adjusted concentration compared with the low TAC trough level variability group (2.09 + 0.38 vs 4.22 + 1.94,
P < 0.001). Patients in the high TAC trough level variability group had higher mean dose CV compared with the low TAC
trough level variability group (44.19 + 13.06 vs 32.04 £ 13.62, P < 0.001). Patients in the high TAC trough level variability
group had higher mean trough CV compared with the low TAC trough level variability group (49.57 + 10.31 vs 26.28 £
6.72, P < 0.001). The percentage of patients in the high TAC trough level variability group who were within, below, and
above the therapeutic range (5-10 ng/mL) was 72.5%, 19.7%, and 7.9%, respectively (Table 2 and Figure 1).

Organ Transplant and TAC Trough Levels
Upon stratification of a dataset based on organ transplant (liver vs kidney), we found that in the kidney transplant
patients, there was a negative low correlation between weight, BMI, and mean trough TAC levels (r = —0.222, P < 0.001

Table 2 TAC Parameters According to Trough Level Variability Groups

Variable Low TAC Trough Level High TAC Trough Level P value
Variability Group (n=198) | Variability Group (n=186)

Mean tacrolimus level, ng/mL 7.54+ 2.33 7.12 £ 2.54 0.089
Mean tacrolimus dose, mg 6.57 + 2.31 6.62 + 2.80 0.835
Mean dose-adjusted conc. 422 + 1.94 2.09 + 0.38 <0.001*
Mean dose CV 32.04 + 13.62 44.19 £ 13.06 <0.001*
Trough CV 26.28 + 6.72 49.57 £ 10.31 <0.001*
No. of patients within therapeutic range 5-10 ng/mL (%) 143/186 (76.9) 129/178 (72.5) 0.425
No. of patients below therapeutic range <5 ng/mL (%) 27/186 (14.5) 35/178 (19.7)

No. of patients above therapeutic range >10 ng/mL (%) 16/186 (8.6) 14/178 (7.9)

Note: *Indicates significant difference.
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Figure | The percentage of patients within above and below therapeutic range according to trough level variability groups. IlllLow Tac Variability group. EEEHigh Tac
Variability group.

and r = —0.208, P = 0.001), respectively (Table 3). This association was not seen in liver transplant patients (Table 4).
Also, in kidney transplant patients, higher mean TAC trough levels were associated with a higher incidence of side
effects (47.60 = 18.71 vs 34.22 £ 12.09, P = 0.006) (Table 5). This association was not seen in liver disease patients

Table 3 The Association Between Demographic and
TAC Trough Level CV in Kidney Disease

Variables Kidney Disease

N Correlation (r) P value
Age 272 —0.104 0.087
Weight 272 —0.222 <0.001*
BMI 272 —0.208 0.001*

Note: *Indicates significant difference.

Table 4 The Association Between Demographic and
TAC Trough Level CV in Liver Disease Patients

Variables Liver Disease

N Correlation (r) P value
Age 99 0.014 0.894
Weight 99 0.007 0.943
BMI 98 0.046 0.651

Note: *Indicates significant difference.

Table 5 The Association Between Clinical Outcomes and TAC Trough Level
CV in Kidney Disease

Variables Group Kidney Disease
Mean £ SD (n) P value
Hypertension No 35.05 + 13.58 (72) 0.984
Yes 35.01 £ 14.23 (196)
Incidence of side effects No 34.22 + 12.09 (47) 0.006*
Yes 47.60 £ 18.71 (21)

Note: *Indicates significant difference.
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Table 6 The Association Between Clinical Outcomes and TAC Trough Level
CV in Liver Disease Patients

Variables Group Liver Disease
Mean * SD (n) P value
Hypertension No 45.55 £ 13.98 (62) 0.006*
Yes 37.42 + 12.57 (33)
Incidence of side effects No 43.73 + 13. 94 (28) 0.569
Yes 46.35+ 11.27 (12)

Note: *Indicates significant difference.

Table 7 Logistic Regression for Associated Risk Factors

Outcome Risk Factor Odds Ratio | 95% Confidence Interval P value

Trough TAC variability | Acute kidney injury (AKI) 8.850 0.820-95.467 0.072
Hypertension 3.033 1.125-8.174 0.028*
Renal disease 3.525 1.322-9.397 0.012*

Note: *Indicates significant difference.

(Table 6). In addition, in liver transplant patients, lower mean TAC trough levels were associated with hypertension
(37.42 + 12.57 vs 45.55 + 13.98, P = 0.006) (Table 6). This association was not seen in kidney transplant patients
(Table 5).

Multivariate logistic analysis showed that trough TAC-level variability (as previously defined) was significantly
associated with hypertension (odds ratio 3.033, 95% confidence interval 1.125-8.174, P = 0.028) and renal disease (odds
ratio 3.525, 95% confidence interval 1.322-9.397, P = 0.012; Table 7).

Discussion

The literature suggested an association between TAC trough concentration coefficient of variation and variable clinical
outcomes in the transplant population. However, the results were variable depending on the cohort of investigation, type
of transplant organ, age, comorbidities, and the variable dosing strategies.

In our retrospective evaluation, we evaluated the variation in TAC trough concentrations at the initiation of the
immunosuppression. The trough concentrations of TAC in the first several days following transplantation will define the
optimal dose. The literature cited an acceptable coefficient of variation of less than 15-30%; however, higher variations
were anticipated due to additional clinical and non-clinical factors.*'

Measuring the coefficient of variation had been applied during different times following transplantation. The highest
predictive potential was applied at least 3 to 6 months post-transplant, and the longer the time post-transplant the less the
prediction power will be. In our study, we targeted the first admission post-transplantation, as this period will result in
a baseline-adjusted dosage regimen that will stay with the patient. This approach provides an excellent real-life insight
into trough level concentration that was measured, while the patient is still admitted and most of the external and other
confounding variables are controlled. The main critique cited by literature for concentration variation in transplant
cohorts was the patient non-adherence during the time following transplantation.®’ In our study, this factor did not exist
as we followed all transplant patients from day 0 until discharge on a stable TAC dose. The main concern regarding our
approach is that many patients might need a longer time to achieve target TAC trough levels.*?

Most of the TAC dose monitoring studies associated the trough level variations with variable risks that included risk
of acute rejection, graft failure, infections, and adverse events. However, these studies did not suggest a cut-off level of
variation. Some studies associated higher variability of TAC trough level with increased risk of acute rejection in kidney
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transplant recipients.*® In our study, there was a significant increase in adverse effect reporting in the high variability
group but was not clear for the risk of graft function, acute rejection, or infections. This may be explained by the short
duration of the evaluation period as these events usually evolved at longer, later times post-transplantation.

Our study evaluated the risk of variation in the trough concentration in terms of clinical outcomes relevant to
transplantation. However, the subgroup analysis distinguishes the variation between kidney and liver transplant recipi-
ents. TAC is a known immunosuppressant that will need renal dose adjustment which adds a layer of conservative dosing
and thus less variation when compared with liver transplant patients. The different protocols adopted by different services
made the comparison rather less valuable. In our study, we looked at each cohort independently from others which
revealed a more significant effect of dose variation on kidney transplant recipients. This can be explained by baseline
variation of TAC dosing, target trough level, concurrent medications, and other comorbidities.>*

The study provides insight into clinical pharmacy service intensive therapeutic drug monitoring upon the initiation of
the immunosuppressant agent. However, this can be modified and added to the protocol to avoid several rather too
frequent trough level measurements. The trough level should be measured at steady state concentration which approxi-
mately takes about 3—5 half-lives to achieve. Based on these preliminary findings, more investigations looking for the
magnitude of the effect of variability for longer time beyond the first admission will shed light on the importance of
appropriate early monitoring to avoid variability upon tacrolimus initiation. Moreover, the proactive pharmacist led
therapeutic drug monitoring should be further evaluated for clinical benefits.

This study is limited by its design as retrospective data collection may miss some important information. There might
be some confounders that were not addressed in the notes. Furthermore, we included patients who had multiple-
tacrolimus trough level records. The study was a single center which included only liver and kidney transplant patients
that limited our data sample size. The study period time is limited to the first admission period which is variable among
patients.

Conclusion

High TAC trough concentration coefficient of variation is associated with clinical outcomes in various organ transplant
recipients. The different practices can utilize the clinical pharmacist therapeutic drug monitoring service to control the
variability in dosing and thus the trough concentration measurements. This coefficient of variation can be utilized to
better predict clinical outcomes, and further measurements of trough level concentration should be appropriately ordered
and utilized.
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