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ABSTRACT

Introduction: Tacrolimus is one of the most used immunosuppressants in
patients after liver transplantation and there is often a wide variation in its serum
level. Assessing the mean time to reach the target serum level of tacrolimus
after liver transplantation is critical, as very low levels increase with chances of
graft rejection and very high levels are associated with toxicity. Methodology:
Observational, retrospective cohort study conducted at Hospital de Clinicas de
Porto Alegre. Liver transplant patients between December 2012 and December
2017 using oral tacrolimus were included. Patients who reached a serum level
between 6—8 ng/mL during month 1 post-transplant were considered as target
serum levels. Results: 78% (67/87) of patients reached the target serum level
within 10 days after liver transplantation. Patients who experienced rejection
over 1 year after transplantation took around 9 days to reach the target serum
level during the index hospital stay. Patients who did not present rejection
reached target serum level within 7 days after starting the immunosuppressant.
Conclusion: Ourwork,considering therapeutic target values between 6-8 ng/mL
in patients after immediate liver transplantation, demonstrated that this
population performed a mean time that seems to determine a good prognosis,
since in less than 2 weeks 78% of patients reached target serum level close to

what was recommended.

Descriptors: Immunosuppression; Serum Level; Liver Transplant.

INTRODUCTION

According to the Brazilian Association of Organ Transplants, from January 1997 to
March 2020, 27,670 liver transplants were performed in Brazil. Indicated, among
others, in cases of cirrhosis due to autoimmune or nonautoimmune reasons, some
metabolic disorders, acute liver failure, chronic liver failure, and hepatocellular
carcinoma, liver transplantation is the last treatment option available and requires
commitment from its candidates, since the number of organs offered for donation
does not meet the demand 2020." In Brazil, from January to March 2020, 796
candidates joined the waiting list, however 160 of these died while waiting for
liver transplantation.!

To maintain the health of the graft and prevent associated serious complications,
solid organ transplantation involves the almost lifelong use of immunosuppressive
therapy and other drugs.” Immunosuppressive drugs act at different sites in the
T-cell cascade and are intended to reduce or inhibit the recipient’s immune response
to alloantigens present in the donor’s transplanted organ. They are classified into:
calcineurin inhibitors (inhibit IL-2 synthesis), purine synthesis inhibitors (inhibit

nucleic acid synthesis), mammalian target of rapamycin (mTOR) enzyme inhibitors
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(inhibit the growth proliferation signal of smooth muscle cells and hematopoietic lineages), and corticosteroids (act at various
levels of the cascade). * T cells are known to play a central role in the adaptive or acquired immune response, from which,
after their activation, they trigger the production and release of soluble molecules that aim to fight the antigen, in the case, the
transplanted organ (graft).®

In order to keep immunosuppressive drugs within the appropriate therapeutic range, monitoring the blood levels of the drugs is
vital to the management of patients after transplantation.” In post-liver transplant patients, the collection of blood tests, especially
the serum level (SL) of the immunosuppressant tacrolimus (TAC) is standard routine, and a variation in these levels, sometimes
abruptly, is often observed. Very low levels of tacrolimus increase the chances of graft rejection, and very high levels are associated
with toxicity, nephrotoxicity being one of the most important adverse effects.®

Some factors impact on the variability of tacrolimus blood levels, such as pharmacogenetic factors, gastrointestinal factors
(interfering with absorption), hypoalbuminemia, and others. Therefore, knowing the mean time to reach the immunosuppressive
therapeutic target can guide strategies to optimize therapy, preventing early graft dysfunction and avoiding adverse reactions.

The objective of this work was to determine the mean time to reach the SL target of tacrolimus in adult post-liver transplant patients.

METHODS

This is an observational, retrospective cohort study that was conducted through chart analysis at the Hospital de Clinicas de Porto
Alegre, with adult liver transplant patients between December 2012 and December 2017.

The study population consisted of patients who met the following inclusion criteria: patients over 18 years of age, liver
transplant recipients, and those taking oral tacrolimus as immunosuppressant. Patients who had other organ transplant,
patients on sublingual and intravenous tacrolimus, and/or death at index hospitalization or retransplantation were excluded
from the study.

The following variables were analyzed: gender, age at the time of transplant, underlying disease (indication for transplant),
date of transplant, glomerular filtration rate, creatinine, tacrolimus SL values, and index hospitalization time. In addition, the
presence of the following comorbidities was evaluated: diabetes, renal failure, neoplasms, bone fracture, tuberculosis, dyslipidemia,
biliary tract complications, hepatitis C, hepatitis B, cytomegalovirus, hypothyroidism, hepatitis from other causes, metabolic

syndrome, osteoporosis, steatosis, nonalcoholic fatty liver disease, and acute rejection.

DEFINITIONS

Target blood level of tacrolimus

Patients who achieved SL between 6-8 ng/mL during the first month after transplant according to institutional protocol were
considered on target.

The mean time to SL target of tacrolimus was evaluated in days, which was also followed during hospitalization and up to one
month after transplantation, with the delta range calculated from the date of drug initiation to the date of the first value between

6-8 ng/mL. A spot analysis of SL at D30 post-transplant was performed.
Acute rejection

All patients who had biopsy-confirmed rejection within one year after transplantation were considered.

The continuous variable “mean time to SL target of tacrolimus” was described as mean + standard deviation and/or median
(25-75%), as distribution. Categorical variables, such as underlying disease, were described in absolute (n) and relative (%)
frequency. The collected data were stored in an electronic database (Microsoft Excel) and analyzed using the statistical program
Statistical Package For Social Sciences (SPSS) version 18.0. The collection of data from the medical records was performed after
approval by the Research Ethics Committee of the Hospital de Clinicas de Porto Alegre and received approval under opinion
No. 44616421600005327.

RESULTS
In the period from January 2012 to December 2017, 125 patients underwent liver transplantation at the hospital in question.
Of these, 38 patients met exclusion criteria, and considering this, 87 liver transplant patients were included in the study and

followed up for 1 month after transplantation.

Braz ] Tranpl m v25 n4 m 0322 m 2022



Alves PH, Sampaio V, Aradjo A, Tortato C

The average age was 55.7 years, and 64.4% of the patients were male. Regarding the reason for transplantation, most patients
underwent transplantation for the following diseases: 56.3% (49/87) cirrhosis due to hepatitis C virus (HCV), 10.3% (9/87)
cirrhosis due to HCV + alcohol, 4.6% (4/87) cirrhosis due to hepatitis B virus (HBV), 3.4% (3/87) due to alcoholic cirrhosis, and
the remaining 25.4% (22/87) had other underlying diseases.

From the 87 patients included in the study, a total of 763 tacrolimus SL samples were obtained, resulting in an average of
8 samples per patient. The average length of stay for these patients was 14 days.

There were 78% of patients who reached the target SL within a mean of 10 (+ 3.2) days after liver transplantation. Patients who
experienced rejection over 1 year after transplantation took around 9 days to reach the target SL during index hospitalization.
The patients who did not show rejection, on the other hand, reached SL target within 7 days of starting the immunosuppressant.

Figure 1 shows the general distribution of tacrolimus blood levels over 30 days after transplantation.
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Figure 1. Distribution of mean tacrolimus blood levels of the study population in relation to post-transplant days.

In the longitudinal evaluation, SL were determined at time D30 after initiation of tacrolimus use, being the target value 27% of

the time.

DISCUSSION

A total of 87 patients were included in this study, and the average age of the patients was 55.7 years, and most of them were male
(64.4%). The characteristics of the study population in terms of age and sex are similar to previous studies with liver transplant
patients. In the study by Su et al.,” whose objective was to describe trends in age among liver transplant registrants and recipients
in the United States between 2002 and 2014, the mean age increased from 51.2 years in 2002 to 55.7 years in 2014. Another study,'
which evaluated the rate of variability of tacrolimus SL in New York between 2007 and 2010, showed that of the 150 patients included
in the study, 47% (70 patients) had their transplant between 51 and 60 years of age. The increase in the age of transplantation may
reflect the increase in life expectancy of the population and the advances in recent years in therapies related to the underlying
diseases, such as new drugs for treating HCV that have fewer adverse effects and greater efficacy than interferon, reflecting the
control of the disease and prolonging the need for transplantation.

Advanced age alone is not a cause of graft rejection; however, several studies have shown that the risk of immunological and
nonimmunological complications is higher in liver transplant recipients with advanced age. Elderly transplant recipients are
considered weak immune responders, graft and patient survival in this age group can be significantly reduced in a single episode
of acute rejection.!!-?*

Regarding gender, a study by Bhat et al.,’> whose objective was to identify patients at higher risk of neoplasms after liver
transplantation in a large multicenter database, reported that 64.6% of transplant patients were male, which is similar to that
found in this study.

Regarding the reason for transplantation, most patients (56.3%, 49/87) had HCV cirrhosis, 10.3% (9/87) had HCV + alcohol
cirrhosis, 4.6% (4/87) had HBV cirrhosis, 3.4% (3/87) had alcoholic cirrhosis, and the remaining 25.4% (22/87) had other
underlying diseases. In older studies, such as that of Ciesek and Wedemeyer," it is reported that HCV infection was the leading

cause of liver transplantation worldwide, which compares with the study by Supelana et al.,'° who evaluated the rate of variability
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of tacrolimus LS in New York between 2007 and 2010, and showed that of the 150 patients included in the study, 77 (51%)
underwent transplantation for the underlying disease HCV cirrhosis.

During the last decade, the composition of the waiting list and indications for liver transplantation have changed significantly
in Europe and worldwide due to the development of new antiviral drugs, changes in lifestyle and nutritional behavior."*

Since the introduction of direct-acting antiviral drugs,’>'¢ the proportion of liver transplantation due to HCV infection
has decreased significantly from 21% in 2014 to 11% in 2017 according to the European Liver Transplant Registry. On the
other hand, cancer (mainly hepatocellular carcinoma) was the indication with the largest increase from 12% in 1997 to
24% between 2007 and 2016.* Similar observations were also reported by the Nordic Transplant Registry,"” in which
hepatocellular carcinoma as a primary indication for liver transplantation increased from 2.5% in 1994 to 20% in 2015.
Another study, which aimed to analyze the epidemiological profile of patients on the waiting list for liver transplantation in
Espirito Santo between January 2015 and January 2018, concluded that of 244 patients included in the study, 56 (22.95%)
had primary liver cancer as their underlying disease, followed by alcoholic cirrhosis in 53 (21.72%) patients."® The period
in which the population of this study was analyzed may have been the reason why the main cause of transplantation was
still HCV hepatitis.

Evaluating the collections for SL determination, a total of 763 samples were obtained, resulting in an average of 8 samples
per patient. The average length of stay for these patients was 14 days. According to Neuberger et al.,”” it is recommended to
collect 1 sample per patient every 2 or 3 days for the first 15 days after transplantation, so within a 14-day period, 7 samples
were collected, which reflects adequacy of our process, in which the data were similar. The protocol of collecting every 3 days is
based on the average time of stability of the drug, which has an average half-life in whole blood of approximately 43 h; therefore,
daily collection is not necessary, since the pharmacokinetics of the drug will not reflect reliable values of SL, and may act as a
confounder in adjusting the dose.

Controversial issues are discussed with regard to the target SL. In our population, we consider the recommendation of
Neuberger et al.,’ who advocate therapeutic target at levels between 6-8 ng/mL in the first month post liver transplant. Our finding
demonstrated that most patients achieved SL target within an average of 10 days after initiation of use, and in the subgroup
analysis patients who had acute rejection achieved target in 9 days versus 7 of those without rejection.

Rodriguez-Perélvarez et al.,*® who evaluated tacrolimus exposure in the first 15 days after liver transplantation, found that
patients with levels greater than 7 ng/mL had less moderate/severe rejection compared to patients with levels less than 7 ng/mL.
Jia et al.,”* whose objective was to investigate the effect of the strategy of ‘minimizing tacrolimus exposure on long-term survival
of patients after liver transplantation, using lower therapeutic targets as a target and consequently lower doses, demonstrated that
patients with a mean tacrolimus blood concentration of 5-10 ng/mL did not impact long-term survival, even considering lower
therapeutic target.

Another study, which aimed to investigate the association of variation in tacrolimus levels with clinical outcomes in a sample
of 127 patients from 2006 to 2013, found that there was variation greater than or equal to two standard deviations in 41% of
patients, characterizing high variability of the drug. Of these patients, 8 had rejection (15%), but the association of rejection with
variation was not significant. However, there was a significant association between a rate of change of SL greater than or equal to
two standard deviations with mortality and survival, concluding that worse outcomes are associated with increased variation in
tacrolimus blood levels. Speculation is that the nonsignificant statistical association with the rejection variable may be justified
by the sample size.”

Studies have sought to determine factors that may identify predisposition to poor compliance and variability in tacrolimus
SL in an attempt to act early with strategies to improve immunosuppression for these patients. In our work, we observed high
variability of tacrolimus SL from day 17 post-transplant. Since the average length of stay was 14 days the high variability found
may be related to poor medication adherence after discharge. One method suggested to try to identify early the patient at risk, is
the medication level variation index (MLVI). Such an index represents the degree of fluctuation between blood drug levels on an
individual basis, which can be calculated in liver transplant recipients by the standard deviation of tacrolimus SL. It is suggested
that higher MLVI values represent erratic immunosuppression, considering low drug adherence as the most likely factor. In the
study by Supelana et al.,”* data were obtained from the medical records of 150 randomly selected adult liver transplant recipients.
The MLVI was significantly higher in patients who had biopsy-confirmed rejection (mean MLVI = 3.8) compared to the rest of
the cohort (mean MLVI = 2.3).

In contrast, Alves et al.** evaluated tacrolimus SL variation index scores in an adult post-liver transplant population and were
unable to associate MLVI values with worse outcomes, in the paper the authors found similar rejection rates using an MLVI cutoff
point of 2.5.

In the pediatric population, scores such as MLVI are widely used to determine prediction of poor adherence by associating

high variability with poorer outcomes. In the study by Shemesh et al.,”* 400 pediatric liver transplant recipients (1-17 years) were
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followed for 2 years; 53% of adolescents with MLVI > 2 achieved acute late rejection by the end of the second year compared to
6% of those with MLVI < 2.

In addition to poor adherence, other factors may be related to variability in tacrolimus SL and should be considered in strategies
to obtain therapeutic targeting. Gastrointestinal factors such as diarrhea and vomiting can alter tacrolimus concentrations.
Hypoalbuminemia and anemia can modify tacrolimus distribution, increasing its circulating free fraction, resulting in expressive
variability and increased exposure.?”’

Our work has some limitations. The first one is related to the type of study: cohort studies are subject to loss to follow-up, which
can impact the sample size and consequent statistical power for association with the outcome, besides not being able to control
for all confounding factors. We also considered limiting factors that we did not use direct patient intervention tools to assess
adherence, that the study was conducted at a single center, and that the dosing regimen that correlates with variation in tacrolimus

SL was not evaluated.

FINAL CONSIDERATIONS

The individualization of therapeutic targets to determine the most effective treatments is increasingly being discussed. Target blood
levels for immunosuppression can vary according to the transplanted organ, and even within the same transplant population,
reflecting the need for an integrated follow-up by the multiprofessional team in determining and following the therapeutic plan
for these patients.

Our work, by considering therapeutic target values between 6-8 ng/mL in immediate post-liver transplant patients,
demonstrated in our population that the average time to therapeutic target obtained seems to determine good prognosis based
on previous work, since in less than 2 weeks 78% of patients reached SL target. It was also possible to observe that patients who
took longer to target therapy had a higher rejection rate, thus suggesting the impact of subtherapeutic values on clinical outcomes.

The behavior of the postdischarge variation curve is striking and may be associated with poor drug adherence. More direct

intervention studies with patients that relate adherence to clinical variability and outcomes are needed for better conclusions.
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