Rev. Colomb. Cienc. Quim. Farm., 54(1), 28-43 (2025)

Clinical research article

Correlating Tacrolimus levels with dose formulation: Implications
for toxicity and renal graft rejection in a cohort of kidney transplant
recipients with steroid-free maintenance immunosuppression

Natalia Gaitan-Torres!, Nicolds Lozano-Sudrez?, Andrea Garcia-Lépez?*, Andrea Gémez-Mon-
tero? & Fernando Giron-Luque?

1 Department of Transplant Pharmacology, Colombiana de Trasplantes, Av. Carrera 30 # 47A — 47, Bogota
D. C., Colombia

2 Department of Transplant Research, Colombiana de Trasplantes, Av. Carrera 30 # 47A — 47, Bogota D.
C., Colombia

*Corresponding author E-mail: aegarcia@colombianadetrasplantes.com
(+57) (3005024618)

Authors' contribution: All persons who meet authorship criteria are listed as authors. All authors certify
that they have participated sufficiently in the work to take public responsibility for the content, including
participation in the manuscript’s concept, design, analysis, writing, or revision.

Received: February 16, 2024
Corrected: August 15, 2024
Accepted: August 22, 2024

https://doi.org/10.15446/rcciquifa.v54n1.113036

SUMMARY

Correlating Tacrolimus Levels with Dose Formulation: Implications for Toxicity and Renal Graft Rejec-
tion in a cohort of kidney Transplant Recipients with Steroid-free maintenance immunosuppression

Introduction: Chronic kidney disease (CKD) affects 10% of the worldwide population, being renal trans-
plantation the optimal treatment for advanced stages. Post-transplant care involves immunosuppressive
therapy, primarily utilizing tacrolimus, to prevent graft-rejection and failure. This study analyzes the cor-
relation between tacrolimus blood levels, dosing, toxicity, and graft-rejection among renal transplant recip-
ients with steroid-free maintenance immunosuppression in Colombia. Methodology: We conducted a ret-
rospective cohort on kidney transplant patients followed at Colombiana de Trasplantes from 07-2019 to 06-
2022, including patients with tacrolimus as immunosuppressive therapy that completed at least one year of
post-transplant follow-up. Data on tacrolimus levels and transplant outcomes were collected at four inter-
vals post-transplant. Bivariate analysis and unadjusted logistic regression were used to analyze the corre-
lation and association between tacrolimus blood levels and tacrolimus doses, rejection, and toxicity. Re-
sults: The study included 368 patients. A weak correlation was found between variability of levels and dose
(rho=0.31, p <0.001) but was not significant between tacrolimus doses and categorized blood levels. Acute
graft-rejection occurred in 15.5% of patients, while only 3.8% experienced toxicity. No significant differences
in rejection rates were observed with tacrolimus blood levels. Conclusions: This study found no significant
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association between tacrolimus levels and graft-rejection, toxicity or categorized tacrolimus blood levels
within the first-year post-transplant. However, the importance of tacrolimus level monitoring is under-
scored by its variability, influenced by dosing, adherence, and pharmacogenetics. Further research with a
larger sample size is needed to improve our understanding of tacrolimus pharmacokinetics and encourage
accurate reporting of toxicity in the Colombian population.
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RESUMEN

Correlacion de los niveles de tacrolimus con la formulacidn de la dosis: implicaciones para la toxicidad
y el rechazo del injerto renal en una cohorte de receptores de trasplante renal con inmunosupresion de
mantenimiento sin esteroides

Introduccion: La enfermedad renal crénica (ERC) afecta al 10% de la poblaciéon mundial, siendo el tras-
plante renal el tratamiento 6ptimo para estadios avanzados. El cuidado postrasplante implica terapia in-
munosupresora, principalmente utilizando tacrolimus, para prevenir el rechazo y el fracaso del injerto. Este
estudio analiza la correlacion entre los niveles sanguineos de tacrolimus, la dosis, la toxicidad y el rechazo
del injerto entre los receptores de trasplante renal con inmunosupresion de mantenimiento sin esteroides
en Colombia. Metodologia: Realizamos una cohorte retrospectiva de pacientes trasplantados renales segui-
dos en Colombiana de Trasplantes desde 07-2019 hasta 06-2022, incluyendo pacientes con tacrolimus como
terapia inmunosupresora que completaron al menos un afo de seguimiento postrasplante. Los datos sobre
los niveles de tacrolimus y los resultados del trasplante se recogieron en cuatro intervalos posteriores al
trasplante. Se utilizé un analisis bivariado y una regresién logistica no ajustada para analizar la correlaciéon
y la asociacion entre los niveles sanguineos de tacrolimus y las dosis de tacrolimus, el rechazo y la toxicidad.
Resultados: El estudio incluyé a 368 pacientes. Se encontré una correlacién débil entre la variabilidad de
los niveles y la dosis (rho = 0,31, p < 0,001), pero no fue significativa entre las dosis de tacrolimus y los
niveles sanguineos categorizados. El rechazo agudo del injerto se produjo en el 15,5% de los pacientes,
mientras que solo el 3,8% experimento toxicidad. No se observaron diferencias significativas en las tasas de
rechazo con los niveles sanguineos de tacrolimus. Conclusiones: Este estudio no encontrd una asociacion
significativa entre los niveles de tacrolimus y el rechazo del injerto, la toxicidad o los niveles sanguineos
categorizados de tacrolimus durante el primer afno posterior al trasplante. Sin embargo, la importancia de
la monitorizacién de los niveles de tacrolimus se ve subrayada por su variabilidad, influenciada por la do-
sificacion, la adherencia y la farmacogenética. Se necesitan mas investigaciones con un tamafo de muestra
mayor para mejorar nuestra comprension de la farmacocinética del tacrolimus y fomentar la notificacion
precisa de la toxicidad en la poblacién colombiana.

Palabras clave: Tacrolimus; rechazo del injerto; toxicidad; trasplante renal, farmacologia clinica.

RESUMO

Correlacao dos niveis de tacrolimus com a formulacao da dose: implica¢des para a toxicidade e rejeicao
do enxerto renal em uma coorte de receptores de transplante renal com imunossupressao de manutencao
sem esteroides

Introducdo: A doenga renal cronica (DRC) afeta 10% da populagao mundial, sendo o transplante renal o
tratamento ideal para estagios avangados. O tratamento pds-transplante envolve terapia imunossupressora,
utilizando principalmente tacrolimus, para prevenir a rejeigao e a falha do enxerto. Este estudo analisa a
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correlacdo entre os niveis sanguineos de tacrolimus, dosagem, toxicidade e rejeicdo do enxerto entre recep-
tores de transplante renal com imunossupressao de manutengao sem esteroides na Coldombia. Metodologia:
Conduzimos uma coorte retrospectiva em pacientes transplantados renais acompanhados na Colombiana
de Trasplantes de 07-2019 a 06-2022, incluindo pacientes com tacrolimus como terapia imunossupressora
que completaram pelo menos um ano de acompanhamento pos-transplante. Dados sobre os niveis de ta-
crolimus e resultados do transplante foram coletados em quatro intervalos pds-transplante. Analise bivari-
ada e regressao logistica nao ajustada foram usadas para analisar a correlagao e associagdo entre os niveis
sanguineos de tacrolimus e doses de tacrolimus, rejeicdo e toxicidade. Resultados: O estudo incluiu 368
pacientes. Uma correlagao fraca foi encontrada entre a variabilidade dos niveis e dose (rho=0,31, p <0,001),
mas nao foi significativa entre as doses de tacrolimus e os niveis sanguineos categorizados. A rejei¢do aguda
do enxerto ocorreu em 15,5% dos pacientes, enquanto apenas 3,8% apresentaram toxicidade. Nenhuma di-
ferenga significativa nas taxas de rejeicdo foi observada com os niveis sanguineos de tacrolimus. Conclu-
soes: Este estudo ndo encontrou associagao significativa entre os niveis de tacrolimus e a rejei¢do do enxerto,
toxicidade ou niveis sanguineos categorizados de tacrolimus no primeiro ano poés-transplante. No entanto,
a importancia do monitoramento dos niveis de tacrolimus € ressaltada por sua variabilidade, influenciada
pela dosagem, adesdo e farmacogenética. Mais pesquisas com um tamanho de amostra maior sdo necessa-
rias para melhorar nossa compreensao da farmacocinética do tacrolimus e encorajar relatdrios precisos de
toxicidade na populagdo colombiana.

Palavras-chave: Tacrolimus; rejeicdo de enxerto; toxicidade; transplante renal; farmacologia clinica.

1. INTRODUCTION

Chronic kidney disease (CKD) affects 10% of the world's population [1, 2], and it is divided into
five stages depending on the progression of the disease. In the severe loss of renal function or late-
stage CKD, renal transplantation is considered the best treatment option, improving the quality
of life and patient survival [3]. Once a patient has been transplanted, immunosuppressive therapy
is a fundamental part of organ maintenance, which prevents renal graft rejection.

Within immunosuppressive therapy, tacrolimus is one of the most widely used immunosup-
pressants. It is usually used in combination therapy with steroids and a purine synthesis inhibitor,
such as mycophenolate [4]. In Colombia for the year 2020, the high-cost account (in Spanish
Cuenta de Alto Costo — CAC) reported that immunosuppressive therapy with a three-drug regi-
men was used in 59% of cases and a two-drug regimen in 35.5% of renal transplants. Moreover,
tacrolimus was part of the three and two-drug regimen in 93.6% and 83.8% of cases, respectively
[3]. This demonstrates the relevance of tacrolimus and its wide use in immunosuppressive ther-
apy.

Tacrolimus is a prodrug belonging to the group of calcineurin inhibitors. Its mechanism of
action is that once it binds to the FKBP family protein. This binding inhibits the early-stage acti-
vation of T cells, preventing the activation of T lymphocytes and their IL-2-dependent prolifera-
tion. Consequently, this interruption hinders the entire activation cascade of cells, including B
cells [5]. The plasma concentration of tacrolimus varies due to different intra- and interindividual
factors [5]. Recognized for its narrow therapeutic [6] maintaining tacrolimus levels within a spe-
cific range is crucial for effective post-renal transplant patient following [7]. Achieving this bal-
ance is a significant challenge in clinical practice, requiring precise dosing tailored to each patient
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[7]. This precision is vital to mitigate the risk of renal rejection and toxicity, a concern heightened
during the initial post-transplantation year when renal graft rejection is most prevalent [8].

This study aims to explore the correlation between tacrolimus levels and formulated dose,
and association with toxicity, and renal graft rejection in renal transplant patients. As there is
variability in tacrolimus levels and limited local evidence on the relevance of these levels to renal
transplant outcomes, the results of this study could help clinicians make informed decisions, in-
dividualize patient treatments, and increase the knowledge of pharmacists on the drug's pharma-
covigilance and optimization of its use. Overall, this study has the potential to improve the out-
comes of renal transplant patients and advance our understanding of the optimal use of tacroli-
mus.

2. METHODOLOGY
2.1. Type of Study

An observational, analytical, retrospective cohort study that included patients who underwent
kidney transplantation in Colombiana de Trasplantes between July 2019 and June 2022. All pa-
tients received initially a steroid-free maintenance immunosuppression therapy with double ther-
apy that included tacrolimus, some patients required steroid addition in the following by individ-
ualized reasons. All the included patients completed at least one year of post-transplant follow-
up. There were no exclusions. A convenience sampling was performed, including all patients who
met the selection criteria in the period under evaluation.

2.2. Data collection and study variables

Data were systematically extracted from electronic medical records, encompassing comprehen-
sive information such as laboratory results, sociodemographic details, formulation specifics, and
biopsy records. The study conducted four distinct review points over the course of the year, dur-
ing which tacrolimus levels, formulation adjustments, and instances of acute rejection were me-
ticulously examined. These assessment intervals occurred at the first month, third month, sixth
month, and twelfth month post-transplantation. At the end of the following period, an overall
incidence of toxicity and acute rejection were obtained.

Acute rejection was defined as a pathological diagnosis based on the Banff Classification of a
renal graft biopsy. Tacrolimus blood levels were also categorized as decreased (<5 ng /ml), optimal
(5-8 ng /ml) and elevated (>8 ng /ml). Finally, to determine the incidence of toxicity, the terms
"toxicity, tacrolimus toxicity, tacrolimus nephrotoxicity, tacrolimus nephrotoxicity, tacrolimus
nephropathy, tremor, acne, hair loss, gastrointestinal symptoms, tacrolimus nephrotoxicity, tac-
rolimus nephropathy, tremor, acne, hair loss, gastrointestinal symptoms" were used, tacrolimus
nephrotoxicity, tacrolimus dose adjustment, over-immunosuppression, elevated tacrolimus lev-
els, neurotoxicity, headache and elevated creatinine" as key terms in first-year post-transplant
consultations.

2.3. Statistical analysis
A descriptive analysis of clinical variables, doses, and tacrolimus levels was performed. Qualita-
tive data were described in relative and absolute frequencies, and quantitative data in measures
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of central tendency and dispersion according to their distribution. Normal distribution was as-
sessed by Kolmogorov-Smirnoff and Shapiro-Wilk tests. Categorical variables were compared by
chi- and Mann Whitney U test for numerical variables. The incidence of rejection and toxicity at
one-year post-transplantation of the included patients was described.

The correlation between tacrolimus levels and doses was evaluated by means of Spearman's
correlation index considering a value of 0 - 0.25 as little or no correlation, 0.26-0.50 weak, 0.51-
0.75 between moderate to strong and 0.76- 1.00 between strong to perfect. The categorizations of
tacrolimus blood levels and dose were compared by mosaic plot, Cramer's v and chi-square. Fi-
nally, unadjusted Odds Ratios and confidence intervals (95%) were calculated for rejection by a
logistic regression. A p-value of less than 0.05 was considered statistically significant. All analyses
were performed in R Studio 3.3.0.

2.4. Ethical aspects

All transplants performed were in accordance with the Istanbul Declaration for organ donation,
as well as national and international research guidelines. According to resolution 8430 of 1993, the
study is a risk-free study, which is why it was exempted by the ethics committee from informed
consent (Approval No. 01865).

3. RESULTS

We analyzed 368 kidney transplant patients, most had cadaveric donor transplantation (64.4%),
with a median age of 44 years (RIC 33-56), weight of 68 kg (RIC 57-77) and a male population of
57.6%. The overall average tacrolimus levels during the initial two weeks post-transplantation
were 4.98 ng/ml and showing an upward trend over subsequent months: 5.93 ng/ml in the first
month, 6.18 ng/ml in the third month, 7.55 ng/ml in the sixth month, and 6.77 ng/ml at the twelfth
month. On average, patients underwent 1.83 tacrolimus level assessments during their first-year
post-transplant. Among the patients evaluated, 15.5% presented acute graft rejection and only
3.8% toxicity. There were not significant differences in rejection when comparing the added im-
munosuppression maintenance with mycophenolate and prednisolone. The detailed analysis is
presented in Tables 1 and 2.
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Table 1. Descriptive analysis of clinical and pharmacological characteristics and incidence of the main out-

comes.

Total (N=368)

Age (years), Median [IQR]

44.0 [33.0, 56.0]

Sex, 1(%)

Femenine

156 (42.4%)

Masculine

212 (57.6%)

Donor type, 1(%)

Deceased

237 (64.4%)

Living non-related

31 (8.4%)

Living related

100 (27.2%)

Weight (kg/m?2), Median [IQR]

68.0 [57.0, 77.0]

Missing data

3 (0.8%)

Tacrolimus level first 2 weeks (ng/ml), Median

[IQR]

4.20[2.70, 6.23]

Missing data 144 (39.1%)
Maximum tacrolimus level (ng/ml), Median [IQR] 5.90 [4.50, 8.80]

Missing data 33 (9.0%)
Minimum tacrolimus level (ng/ml), Median [IQR] 3.80[2.70, 5.85]

Missing data 33 (9.0%)

Number of tacrolimus levels, Median [IQR]

2.00 [1.00, 2.00]

Tacrolimus daily dose adjusted by weight, Me-
dian [IQR]

6.80 [5.70, 7.70]

Maximum tacrolimus daily dose (mg), Median

[TOR]

5.00 [4.00, 6.00]

Missing data

11 (3.0%)

Minimum tacrolimus daily dose (mg), Median

[TOR]

3.00 [2.00, 4.00]

Missing data 11 (3.0%)
Toxicity, n(%) 14 (3.8%)
Acute rejection, 1(%) 57 (15.5%)
Banff patological clasification, n(%)

1A 33 (9.0%)

1B 11 (3.0%)

2A 1(0.3%)

Borderline 10 (2.7%)

Non-classified 2 (0.5%)

Non-biopsy

311 (84.5%)

33



N. Gaitan-Torres, N. Lozano-Suarez, A. Garcia-Lépez, A. Gomez-Montero & F. Girén-Luque

Table 2. Bivariate analysis of rejection at the first, third, sixth and twelfth month and different clinical and pharmacological variables.

1 MONTH GRAFT REJECTION 3 MONTH GRAFT REJEC- | 6 MONTH GRAFT REJEC- 12 MONTH GRAFT REJECTION TOTAL
TION TION
No Yes P No Yes P No Yes P No Yes P (N=368)
(n=335) (n=33) value | (n=361) (n=7) value | (n=361) (n=7) |value (n=362) (n=6) value h
Age (years), Median 44.0 [33.5, 39.0 [30.0, 440330, [ 470[375, | oo [440133.0,[420[375, | o | 440[333, | 345[293, | .o |440[330,
[IQR] 56.0] 51.0] 56.0] 56.5] ' 56.0] 50.0] : 56.0] 39.8] : 56.0]
Sex, 1(%)
Femenine 143 (42.7%) 13 (39.4%) 0.935 153 3 (42.9%) 1 154 2 (28.6%) | 0.757 | 152 (42.0%) 4 (66.7%) 0.479 156
. (o] . (o] . (42'4%) . (e (42'7%) B (o} . B (o] . (o} 5 (42'4%)
. o o 208 o 207 o o o 212
Masculine 192 (57.3%) 20 (60.6%) (57.6%) 4 (57.1%) (57.3%) 5 (71.4%) 210 (58.0%) 2 (33.3%) (57.6%)
Donor type, 1(%)
Deceased 217 (64.8%) 20 (60.6%) 0.935 232 5(714%) | 0.941 231 6 (85.7%) | 0.819 | 233 (64.4%) 4 (66.7%) 0.946 237
. (o] B (o] . (64'3%) o (¢] . (64'0%) . (o} . o (o] . (o} . (64'4%)
Living non-related 29 (8.7%) 2 (6.1%) 30 (8.3%) | 1(14.3%) 31 (8.6%) | 0(0%) 30 (8.3%) | 1(16.7%) 31 (8.4%)
Ix71 0, 0, 0, 0, 99 0, 0O, 0, 100
Living related 89 (26.6%) 11 (33.3%) 99 (27.4%) | 1(14.3%) (27.4%) 1 (14.3%) 99 (27.3%) 1 (16.7%) (27.2%)
Weight (kg/m2), Median 68.0 [57.0, 68.0 [56.0, 68.0 [57.0, | 59.5 [54.0, 68.0 [57.0, | 68.0 [57.0, 68.0 [57.0, 61.8 [55.1, 68.0 [57.0,
[IQR] 77.0] 79.0] 0919 07 o) o731 | "¥* | 7o 790 |29 77.0] 76.3] 0.947 77.0]
Missing data 3 (0.9%) 0 (0%) 3(0.8%) | 0(0%) 3(0.8%) | 0(0%) 3 (0.8%) 0 (0%) 3 (0.8%)
Tacrolimus level 5.40 [3.70, 5.05 [2.98, 5.40 [3.60, | 5.65 [4.39, 7.00 [4.58, | 6.35 [6.13, 7.30 [5.30, 5.10 [4.40, 5.30 [3.50,
(ng/ml), Median [IQR] 7.50] 6.38] 0.497 7.70] 7.18] 0.987 9.10] 6.58] 0.934 8.00] 5.80] 0.544 7.50]
. . 297 . 351 . . . 159
Missing data 152 (45.4%) 7 (21.2%) 200 | 3429 %) o720 | 3714 %) 357 (98.6%) | 4 (66.7%) (32%)
Tacrolimus level clasifi-
cation, (%)
Low 77 (23.0%) 12 (36.4%) 0.974 | 26 (7.2%) | 2(28.6%) | 0.983 | 3 (0.8%) 0(0%) | 0.499 1 (0.3%) 0 (0%) 0.545 | 89 (24.2%)
High 39 (11.6%) 4 (12.1%) 12 (3.3%) | 1(14.3%) 4 (1.1%) 0 (0%) 4 (1.1%) 1 (16.7%) 43 (11.7%)
Optimal 67 (20.0%) 10 (30.3%) 26 (7.2%) | 1(14.3%) 3(0.8%) | 2 (28.6%) 0 (0%) 1 (16.7%) 77 (20.9%)
. . . 297 . 351 . . . 159
Missing data 152 (45.4%) 7 (21.2%) (82.3%) 3 (42.9%) (97.2%) 5 (71.4%) 357 (98.6%) 4 (66.7%) (43.2%)
Tacrolimus daily dose 4.00 [4.00, 4.00 [4.00, 4.00 [4.00, | 4.00 [2.50, 4.00 [4.00, | 4.00 [3.50, 4.00 [3.00, 6.50 [5.25, « | 4.00 [4.00,
(mg), Median [IQR] 4.00] 4.00] 0-999 6.00] 4.50] 0-268 6.00] 4.00] 0.742 5.00] 7.75] 0.0206 4.00]
69
0, 0, 0, 0, 0, 0, 0, 0,
Missing data 11 (3.3%) 0 (0%) 31(8.6%) | 0(0%) ao1e | 00 %) 99 (27.3%) 0 (0%) 11 (3.0%)
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Diference weight ad- 2.10 2.10 2.08
justed and formulated 2'73 é(ljfo’ 2'8;) 9%']40’ 0913 | [0.625 | [0.725, 1 [0.375, 3'12 5)'130’ 0.995 2'7?1 [406?00’ ) '5%2322'3] 0.511 2'7;) é(l)fo’
dose (mg), Median [IQR] ’ ’ 3.90] 4.33] 3.95] ) ' R '
0, 0, 0, 0, 69 0, 0, 0, 0,
Missing data 11 (3.3%) 0 (0%) 31(8.6%) | 0 (0%) 1019 | 0% 99 (27.3%) |  0(0%) 11 (3.0%)
Micophenolate daily 2000 [2000, | 2000 [2000, éggg [ﬁ,gg éggg 1500 [750, 1500 [1000, | 1750 [1500, éggg
dose (mg), Median [IQR] 2000] 2000] 2000] 2000] 2000] 2000] 2000] 2000] 2000]
Non-micophenolate o o o o 88 o o o o
e 11 (3.3%) 0 (0%) 47 (13.0%) | 0 (0%) aay | 0O 88 (24.3%) |  0(0%) 11 (3.0%)
S(?)/t‘)“"d maintenance, 33 (9.9%) 7(12%) | 0135 |50 (139%) | 0(0%) | 0571 | 3580/ )| 1043%) | 0999 | 41(113%) | 2(333%) | 025 |40(109%)
(o] . (o]
Prednisolone daily dose | 5.00 [5.00, 5.00 [5.00, 5.00 [5.00, 5.00 [5.00, | 5.00 [5.00, 5.00 [5.00, | 5.00[5.00, 5.00 [5.00,
(mg), Median [IQR] 5.00] 5.00] 053915 0 NA ! 5.00] 5000 |22 500 5.00] 09291 5 o)

*Statistically significant with p-value less than 0.05
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3.1. Tacrolimus levels and dose correlation

The results revealed that there was no statistical significance between tacrolimus blood level cat-
egories and the doses of tacrolimus during the first twelve months. Moreover, tacrolimus blood
level categories (decreased, optimal and elevated) presented very similar average doses in every
assessment, mostly above 4 mg per day. However, it was observed that when tacrolimus blood
levels were decreased, the doses between levels increased, and for elevated blood levels, the doses
decreased. The results further revealed a weak correlation (rho=0.31, p <0.001) between the varia-
bility of levels and dose, indicating a directly proportional relationship (Figure 1). The complete
analysis for the first, third, sixth, and twelfth months can be found in Appendix 1.
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Figure 1. Correlation between tacrolimus blood levels and dose variability.

3.2. Tacrolimus levels and graft rejection association

The results did not reveal statistically significant differences in the bivariate analysis and non-
adjusted logistic regression for tacrolimus levels and doses with acute graft rejection. Except for
the twelfth-month tacrolimus doses, which were higher in the patients that presented acute rejec-
tion the same month (p-value 0.02). The p values for each test are presented in Table 2, and the
non-adjusted regression is in Appendix 1.
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4. DISCUSSION

Currently, monitoring tacrolimus levels is still considered a useful and decisive tool for individu-
alizing patient treatment; however, the usefulness of monitoring these levels is still unclear. Dif-
ferent studies support a wide and variable range of conclusions. A cohort study in the United
States stated that there is an association between tacrolimus levels and biopsy-proven acute rejec-
tion, specifically in levels below eight ng/ml [9]. In contrast, another cohort study in Peru found
no link between tacrolimus levels and renal function and acute rejection but found that levels
higher than 12 ng/ml were associated with early infections in the first post-transplant month [10].
An additional study, although it asserts the absence of an association between levels and rejection,
pointing out the limitation in the number of patients included as an influential factor [11]. The
present study suggests that tacrolimus levels taken during the first-year post-transplantation and
the incidence of graft rejection during this same period are not significantly related; even the num-
ber of levels taken, and maximum/minimum levels do not represent a decrease or increase in re-
jection rates.

Furthermore, populations with equivalent therapies, such as double therapy composed of
tacrolimus and mycophenolate, do not result in statistically significant changes in acute rejection.
This same result was present in patients with triple therapies, including prednisolone, demon-
strating a lack of protection against the incidence of graft rejection. This supports the double ther-
apy immunosuppression maintenance that reduces the possible adverse effects of chronic gluco-
corticoid use, including diabetes, Cushing syndrome, osteoporosis, and hypertension, among
many others [12].

Moreover, the data obtained shows a statistically significant correlation between tacrolimus
levels and dose variability but failed to present a significant correlation between each month's
doses and levels. We consider these results confirm the relevance of tacrolimus personal variabil-
ity, which can be related to genetic factors, food, medication, concomitant illnesses, and adherence
[13]. In fact, several papers are studying the intra-patient tacrolimus variability and its association
to rejection and toxicity [13-16]. Nonetheless, it is still recommended the tacrolimus blood level,
especially in the first few weeks after transplantation [17]. This timing is consistent with this study
since the greatest number of levels were obtained during the first two weeks and the first month
post-transplantation despite the significant percentage of missing data.

When analyzing tacrolimus blood levels by categories, no significant differences were found
when comparing the formulated doses. However, it was noticed that in most cases where the
levels were decreased, the dose increased, and when the levels were high, the dose decreased.
This suggests that there may be a clinical response to tacrolimus levels. But it is crucial to note
that, as stated in a study, tacrolimus concentration variations do not provide a clear association or
guideline for dose reduction over time [18].

Another significant finding was the relatively low occurrence of toxicity, affecting less than
4% of patients. This outcome could be attributed to two factors: firstly, the limited sample size,
which has been observed in other studies investigating these phenomena [14]. Secondly, there
may have been an underreporting of toxicity events, considering that the identification of toxicity
was based on the review of the patients' clinical histories, since there have not been any report
adverse events to the pharmacovigilance group. These observations align with existing literature
that indicates a lack of feeding of the system by health professionals, highlighting the need to
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identify and work on the causes of underreporting to improve patient safety [19]. It would be
worthwhile to review if the underreporting diminishes if the pharmacovigilance group should
define tacrolimus toxicity and how it relates to drug doses and levels. On the other hand, it is
important to note that Colombiana de Trasplantes uses reduced tacrolimus doses, which may
have an influence on tacrolimus levels and toxicity events. Therefore, it would be worthwhile to
study reduced doses and total compliance and knowledge of toxicity report with a larger popu-
lation.

This study is, to our knowledge, the first report on tacrolimus levels and doses, rejection, and
toxicity in Colombia. But must be understood within its limitations; first, the missing data regard-
ing tacrolimus levels caused by hospitalization, absence of a request, nephrectomy, graft loss, and
death. This was especially true during the first month when all patients were expected to have
their levels taken as per the immunosuppression guide.

Additionally, there were significant differences in the level results obtained in short periods,
possibly due to various factors such as the technique used in taking the levels, patient taking
medication before the test, drug interactions, or the time between taking the sample and the read-
ing. The technique is particularly relevant as the analytical methodology used can be influenced
by significant cross-reactivity of metabolites or structural analogues, sample collection time and
measurement not only of the free drug but also of the protein-bound drug which, although taken
into account, is an important factor to be considered [20, 21]. Second, the non-randomized and
small sample size may limit the generalization of these results. Finally, a suspected underreport
of the tacrolimus toxicity may affect the incidence of this event.

Finally, a totally influential factor for the type of treatment of renal transplant patients that
plays a fundamental role in graft rejection rates is adherence, an aspect that can also influence
tacrolimus levels in the event of incorrect administration or lack thereof [22, 23]. As for toxicity,
defining the association with the drug continues to be a challenge both for the specialist and for
the pharmacovigilance teams since due to the complexity of the treatment and the pathology,
there may be other factors that can explain it, such as concomitant drugs or other pathologies, in
addition to the absence of information related to it, and the wide range of adverse reactions de-
tailed in the drug's technical data sheet, do not allow for a clear consensus on toxicity associated
with tacrolimus.

Among the challenges are the need for further studies according to each factor studied, en-
couraging the reporting of adverse events that allow grouping and defining toxicity, digital aids
that allow easy and complete clinical information on the patient, in addition to the search for other
tools, such as pharmacogenetics, which can be both a clinical and economic tool for defining im-
munosuppressive therapy for patients [7].

5. CONCLUSIONS

In conclusion our study did not find a significant association of tacrolimus blood levels with graft
rejection in the first year. Even so, we consider that tacrolimus levels are relevant for the kidney
recipient care, but are highly variable between doses, adherence, and pharmacodynamics. On the
other side, we found that low toxicity incidence did not vary upon tacrolimus levels but suspect
that this phenomenon is affected by underreporting. Emerging the question of the usefulness and
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relevance of tacrolimus plasma level monitoring as an effective and determinant approach to mit-
igate rejection or toxicity rates. Therefore, to answer there is a need to scale this study to a bigger
sample size and probably including novel assessments including pharmacogenetic factors, aiming
to have a better understanding of the pharmacokinetics in our population and to encourage the
adequate report of suspected toxicity events.
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APPENDIX 1.

Table Al. Tacrolimus blood level categorization in the first month

Decreased | Elevated | Optimal Total
P value
(N=89) (N=43) (N=77) (N=209)
Tacrolimus daily dose - Fist month (mg)
Mean (SD) 4.07 (0.636) | 4.05 (0.375) | 4.08 (0.390) | 4.07 (0.505) | 0.991
4.00 4.00 4.00 4.00
Medi 1, Q3
edian [Q1, Q3] [4.00,4.00] | [4.00, 4.00] | [4.00, 4.00] | [4.00, 4.00]
Difference weight adjusted and formulated dose (mg)
Mean (SD) 2.50 (1.46) | 2.82 (1.41) | 2.70 (1.34) | 2.64 (1.40) |  0.639
. 2.60 2.90 2.70 2.70
Median [Q1, Q3] [1.50,3.50] | [1.85, 3.60] | [1.90, 3.50] | [1.60, 3.50]
Table A2. Tacrolimus blood level categorization in the first and third month
Decreased | Elevated | Optimal Total
P value
(N=28) (N=13) (N=27) (N=68)
Tacrolimus daily dose - third month (mg)
Mean (SD) 5.00 (1.83) | 3.77 (1.24) | 422 (1.45) | 446 (1.63) | 0.111
5.00 4.00 4.00 4.00
Medi 1, Q3
edian [Q1, Q3] [4.00, 6.00] | [3.00, 4.00] | [4.00, 5.00] | [4.00, 6.00]
Tacrolimus daily dose - first month (mg)
Mean (SD) 4.14 (0.932) | 4.15 (0.555) | 3.93 (0.385) | 4.06 (0.689) |  0.645
4.00 4.00 4.00 4.00
Medi 1, Q3
edian [Q1, Q3] [4.00, 4.00] | [4.00, 4.00] | [4.00, 4.00] | [4.00, 4.00]
Difference weight adjusted and formulated dose (mg)
Mean (SD) 136 (2.53) | 3.24 (2.09) | 2.70 (2.15) | 2.25 (2.40) | 0.0672
0.950 3.60 2.60 2.55
Medi 1,
edian [Q1, Q3] [-0.500, 3.05]| [2.10, 4.50] | [1.40, 4.50] |[0.713, 4.15]
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Table A3. Tacrolimus blood level categorization in the third and sixth month

Decreased | Elevated | Optimal Total
P value
(N=3) (N=4) (N=5) (N=12)
Tacrolimus daily dose - sixth month (mg)
Mean (SD) 5.67 (1.53) | 3.50 (1.00) | 4.60 (2.19) | 4.50 (1.78) 0.47
. 6.00 4.00 4.00 4.00
Median [Q1, Q3] [5.00, 6.50] | [3.50, 4.00] | [4.00, 5.00] | [4.00, 5.25]
Tacrolimus daily dose - third month (mg)
Mean (SD) 533 (1.15) | 4.00(0) | 3.20 (1.64) | 4.00 (1.41) 0.22
. 6.00 4.00 4.00 4.00
Median [Q1, Q3] [5.00, 6.00] | [4.00, 4.00] | [2.00, 4.00] | [4.00, 4.25]
Difference weight adjusted and formulated dose (mg)
Mean (SD) 0.900 (2.70) | 3.65 (2.13) | 253 (3.22) | 250 2.74) |  0.642
. -0.400 3.33 2.80 2.55
Median [Q1, Q3] [-0.650, 1.80]| [1.98, 5.00] | [2.30, 4.70] | [1.21, 4.63]
Table A4. Tacrolimus blood level categorization in the twelfth month
Decreased | Elevated | Optimal Total
P value
(N=1) (N=1) (N=5) (N=7)
Tacrolimus daily dose - twelfth month (mg)
Mean (SD) NA NA 420 (1.64) | 429(1.38) |  0.961
. 5.00 4.00 4.00 4.00
Median [Q1, Q3] [5.00, 5.00] | [4.00, 4.00] | [3.00, 4.00] | [3.50, 4.50]
Difference weight adjusted and formulated dose (mg)
Mean (SD) NA NA 3.09(1.29) | 2.95(1.12) | 0.878
. 3.15 2.05 3.30 3.15
Median [Q1, Q3] [3.15,3.15] | [2.05,2.05] | [2.75, 3.80] | [2.40, 3.55]

Table A5. Non adjusted Odds Ratios (OR), confidence intervals (CI) and p value of graft rejection at the first, third,

sixth and twelfth.

1 MONTH GRAFT 3 MONTH GRAFT 6 MONTH GRAFT | 12 MONTH GRAFT
REJECTION REJECTION REJECTION REJECTION
or |cros%| ¥ | or |c1os%| T |or|cresw| ¥ | or |cros%
value value value value
0.95- 0.95- 0.94- 0.88-
Age (years) 0.98 1.00 0.180 | 1.00 1.06 0.750 | 0.99 1.04 0.780 | 0.94 1.00 0.083
Sex (Reference Feminine)
. 0.55- 0.21- 0.39- 0.04-
Masculine 1.14 243 0.715 | 0.98 503 098 | 1.85 131 0.462 | 0.36 1.87 0.244
Donor type (Reference De-
ceased)
.. 0.11- 0.07- 0.09-
Living non-related 0.74 274 0.706 | 1.54 10.02 0.695 | Inf NC 0.99 | 1.94 13.66 0.559
.. 0.59- 0.02- 0.02-
Living related 1.34 286 0.459 | 0.468 | 0.024 0.38 23] 0.385 | 0.58 103 0.637
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0.97- 0.92- 0.95- 0.93-
1 2
Weight (kg/m?) 0.99 1.00 0.700 | 0.97 1.005 0.313 | 0.99 1.00 0.920 | 0.98 1.00 0.579
0.78- 0.64- 0.50- 0.05-
1 %
Tacrolimus level (ng/ml) 0.91 104 0.237 | 0.97 1.99 0.868 | 0.91 126 0.699 | 0.46 194 0.284
Tacrolimus level classifica-
tion (Reference Optimal)
0.42- 0.18-
Decreased 1.04 0.925 | 2.00 0580 | Inf | NC [0998 | Inf | NC 0.998
2.62 44.6
0.17- 0.08-
Elevated 0.68 290 0.548 | 2.16 579 0.595 | Inf NC |0.998 | Inf NC 0.999
0.49- 0.37- 0.50- 1.11-

. : 3% *
Tacrolimus daily dose (mg) 1.01 1.80 0.964 | 0.65 107 0.105 | 0.83 128 0.438 | 1.58 928 0.008
Difference weight adjusted 0.78- 0.76- 0.80- 0.49-

.97 691 | 1. . 1. 91 . .017*

and formulated dose (mg)** 09 1.04 069 00 1.06 0998 | 1.00 1.06 09191 0.68 0.93 0.0
Mycophenolate (Reference
No)

Mofetil Inf | NC ]0.990 | Inf NC 0992 | Inf | NC ]0993| Inf | NC 0.993

Sodium Inf NC 1 1 NC 1 Inf NC 1
Corticoid maintenance (Refer-
ence No)

0.92- 0.05- 0.53-

Yes 2.46 585 0.051 | 1.41 NC |0.992 | 1.03 6.4 0.974 | 3.91 20.7 0.122
P isol il 13-
(;egc;fjs" one daily dose 0.51 (; 2‘1 0230 | Inf | NC | 1 |455| NC |0997 | Inf | NC | 099

*Statistically significant with p-value less THAN 0.05

** Taken the same month of the graft rejection
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