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Abstract

Introduction: Measuring trough serum levels of vancomycin is recommended by current guidelines for monitoring treatment, with values between 15-20 mg/L
for severe infections. Various variables are associated with failing to reach effective levels, which this study seeks to determine. This study aimed to identify factors
associated with subtherapeutic serum levels, their relationship with hemato-oncological diseases, and other pharmacokinetic variables.

Materials and methods: This was an observational case-control study of hospitalized adults in whom serum vancomycin levels were measured. A total of 857 me-
dical records were analyzed, of which 377 met the inclusion criteria of this study. A random selection of 92 cases and 202 controls was made at a 1:2 ratio without
matching.

Results: The median age was 59 years, and 56.8% of the patients were male. Hemato-oncological diagnoses were present in 23.1% of patients, with non-Hodgkin
lymphoma and acute leukemia being the most frequent. Four variables were statistically associated with subtherapeutic levels: hemato-oncological disease
(OR 2.12; 95% Cl 1.53-4.88; p=0.004), BMI >25 kg/m? (OR 1.15; 95% Cl 1.07-1.21; p<0.001), age >75 years (OR 0.96; 95% Cl 0.93-0.96; p<0.001), and creatinine
>0.7 mg/dL (OR 0.08; 95% CI 0.01-0.11; p<0.001).

Discussion: Hemato-oncological disease and increased body mass index were significantly associated with subtherapeutic vancomycin levels. In contrast, older age
and higher creatinine levels acted as protective factors, possibly due to reduced renal clearance. These findings support the need for therapeutic drug monitoring
and dose adjustment in oncologic patients.
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Enfermedad Hemato-Oncolégica y Otros Factores Asociados con Niveles Subterapéuticos de Vancomicina en un Hos-
pital de Alta Complejidad

Resumen

Introduccién: La medicion de niveles séricos valle de vancomicina es recomendada por las guias actuales para la monitorizacion del tratamiento, esperando valores
entre 15-20mg/L en infeccién severas. Existen distintas variables que se asocian a no alcanzar niveles efectivos las cuales se buscan determinar en este estudio.
El objetivo de este estudio fue determinar los factores asociados con niveles séricos subterapéuticos, su relacién con la enfermedad hemato-oncolégica y otras
variables farmacocinéticas.

Materiales y métodos: Estudio observacional de casos y controles en adultos hospitalizados a quienes se les midieron niveles séricos de vancomicina. Se analiza-
ron un total de 857 historias clinicas, de las cuales 377 cumplieron con los criterios de inclusion. Se seleccionaron aleatoriamente 92 casos y 202 controles en una
proporcion 1:2, sin apareamiento.

Resultados: La mediana de edad fue de 59 afios, y el 56,8 % de los pacientes eran hombres. El 23,1 % present6 diagndstico hemato-oncoldgico, siendo los mas
frecuentes los linfomas no Hodgkin y las leucemias agudas. Se encontraron cuatro variables estadisticamente significativas: enfermedad hemato-oncolégica (OR
2,12;1C 95 % 1,53-4,88; p=0,004), indice de masa corporal mayor de 25 (OR 1,15; IC 95 % 1,07-1,21; p<0,001), edad mayor de 75 afos (OR 0,96; IC 95 % 0,93-0,96;
p<0,001) y creatinina mayor a 0,7 mg/dL (OR 0,08; IC 95 % 0,01-0,11; p<0,001).

Discusién: La enfermedad hemato-oncoldgica y un mayor indice de masa corporal se asociaron significativamente con niveles subterapéuticos de vancomicina. Por
el contrario, la edad avanzada y niveles mas altos de creatinina actuaron como factores protectores, posiblemente debido a una menor depuracién del farmaco.
Estos hallazgos respaldan la necesidad de monitorizacion terapéutica y ajuste de dosis en pacientes oncoldgicos.
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Introduction

Methicillin-resistant Staphylococcus aureus (MRSA) infections
acquired in hospital settings are becoming increasingly com-
mon. These infections are associated with prolonged hospi-
tal stays and higher mortality rates'2 Currently, the first-line
treatment is vancomycin, which remains effective against
nosocomial infections owing to the infrequent resistance
observed in our region®*#°, Guidelines recommend trough
levels of 15-20 mg/L for severe MRSA infections?, although
this target is debated because of variable correlations with
clinical outcomes. Despite this, it remains recommended for
monitoring vancomycin treatment. The issue of high variabi-
lity lies in the factors affecting the pharmacokinetics of the
drugs. Multiple studies have established the need for higher
doses when certain factors are present, such as a presumed
high volume of distribution or increased renal clearance®. Be-
cause of the heterogeneity of patients starting vancomycin
treatment, nomograms have been developed to calculate the
initial doses for special populations. Currently, there is disa-
greement about the factors influencing the achievement of
optimal serum vancomycin levels, especially in populations
with hematologic-oncologic neoplasms®.

The emergence of antibiotic-resistant pathogens is a global
concern challenging healthcare systems due to the difficul-
ty in diagnosis and treatment. Various alternatives, such as
broad-spectrum antibiotics, have been developed to cover
different pathogens®”8°1°, Vancomycin is a complex tricyclic
glycopeptide composed of non-ribosomal glycosylated cyclic
or polycyclic peptides. It inhibits peptidoglycan synthesis in
aerobic and anaerobic gram-positive bacteria® and is cha-
racterized as a time-dependent antibiotic'"'>'3™, In patients
with cancer, especially those with hematologic neoplasms,
increased creatinine clearance and vancomycin distribution
volume have been demonstrated' %", increasing the risk of
subtherapeutic vancomycin levels'®19202122 - Additionally, ad-
verse effects and toxicity associated with vancomycin have
been observed during treatment, linked to patient comorbi-
dities, concomitant use of nephrotoxic drugs, hypotension,
and renal function deterioration242>, Other described adver-
se effects include phlebitis (13%), red man syndrome charac-
terized by erythema, pruritus, hypotension, and angioedema
caused by a histaminergic response to rapid infusion, with
a variable incidence of 3.4% to 11.2%, and neutropenia in
approximately 2% of cases®.

Due to variability and a narrow therapeutic range compared
to other antimicrobials, serum measurements of vancomycin
levels are necessary to maximize efficacy and minimize to-
xicity?>. Recommendations for monitoring have evolved
over time with better drug characterization. Higher levels
are expected, especially in severe infections and depending
on the pathogen®. Evaluations consider the duration van-
comycin concentration remains above the minimum inhibi-
tory concentration (MIC), the area under the curve (AUC) to
MIC ratio (AUC/MIC), and the peak serum concentration to
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MIC ratio (Cmax/MIC)*. Current guidelines recommend an
AUC/MIC value >400 to evaluate the clinical effectiveness of
vancomycin®. A target trough level of 15-20 mg/L is recom-
mended for severe MRSA infections, to be taken before the
fourth dose at treatment initiation or dose adjustment®°.
Therefore, it is essential to determine how frequently ade-
quate serum levels are achieved and which independent
factors may influence these levels. In Colombia, no studies
have evaluated vancomycin serum levels in the hematolo-
gic-oncologic population, despite its frequent use against
methicillin-resistant Staphylococcus aureus?. The importance
of these levels lies in monitoring treatment, making neces-
sary adjustments, reducing potential toxicity, and preventing
resistance associated with subtherapeutic levels. This study
aimed to determine the factors associated with subtherapeu-
tic vancomycin serum levels and their impact on the hemato-
logic-oncologic population.

Materials and methods

We conducted an observational analytical case-control study
in hospitalized patients over 18 years of age who were recei-
ving vancomycin treatment at a high-complexity institution
in Colombia, in whom serum levels were measured before the
fourth dose. Patients undergoing renal replacement therapy
at the time of antibiotic administration, those with incom-
plete medical records (such as missing basic data: age, sex,
height, weight, loading dose, maintenance dose, creatinine),
and those with vancomycin serum levels > 25 mg/L were
excluded. Cases were defined as hospitalized patients with
subtherapeutic vancomycin levels (<10 mg/L), and controls
were defined as those with therapeutic levels (210 mg/L).

To estimate the association between subtherapeutic van-
comycin levels and hematologic disease, a 1:2 case-control
sample size calculation was performed using Epidat software
with the following parameters: 95% confidence level, two
controls per case, expected OR of 1.6, 18% of exposed cases,
and 83% statistical power. A total of 92 cases and 202 con-
trols were included, considering a 10% loss rate.

The variables included were: age (years), sex, weight (kg),
height (m), body mass index (kg/m?), admission diagnosis, in-
fectious diagnosis, hematologic-oncologic diagnosis, type of
hematologic-oncologic disease, time since last chemothera-
py (days), concomitant use of aminoglycosides, vancomycin
loading dose (grams), maintenance dose (grams), vancomycin
levels (mg/L) before the fourth dose, time difference between
level measurement and the fourth dose, presence of fever,
febrile neutropenia, volume of intravenous fluids, creatinine
(mg/dL), albumin (g/dL), glomerular filtration rate (according
to Cockcroft-Gault and CKD-EPI), volume of distribution, and
patients admitted to the intensive care unit (ICU).

Participants were selected using the Athenea® laboratory
software, identifying patients with vancomycin serum le-
vel studies during the study period. With each participant's
identification number, digital records were reviewed in the
Servinte® software to select those with subtherapeutic anti-
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biotic levels, verifying compliance with all inclusion and ex-
clusion criteria. The investigators recorded the clinical infor-
mation in Excel.

For statistical analysis, a univariate description was first per-
formed, obtaining frequencies and proportions for qualita-
tive variables and measures of central tendency (mean, me-
dian) and dispersion (standard deviation, interquartile range)
for quantitative variables, depending on their distribution
assessed by the Shapiro-Wilk test. Cases and controls were
compared across independent variables to identify the fre-
quency of occurrence in each group. In the bivariate analy-
sis, categorical variables were evaluated using the chi-square
and Fisher's exact tests, while continuous variables with nor-
mal distribution were analyzed using Student’s t-test, and
non-normally distributed variables using the Mann-Whitney
U test. Finally, a multivariate logistic regression analysis was
conducted on variables of interest, which were those with
statistical significance in the bivariate analysis or considered
clinically relevant, followed by diagnostic testing of the fi-
nal model using the Hosmer and Lemeshow goodness-of-fit
test. Statistical significance was set at p < 0.05, and the data
were analyzed using Stata version 14.

Ethical Considerations

This study was approved by the Ethics Committee of the Fun-
dacion Cardioinfantil-La Cardio and adhered to the ethical
principles for human research described in the Nuremberg
Code, Belmont Report, and Declaration of Helsinki, as well as
Resolution 008430 of 1993 by the Ministry of Health of the
Republic of Colombia.

Results

We analyzed 857 clinical records of patients who had van-
comycin serum levels measured in the Athenea® database.
A total of 251 patients were excluded due to improper sam-
ple collection, 145 due to end-stage renal disease or acute
kidney injury, 65 due to supratherapeutic vancomycin levels,
and 19 due to insufficient records. A total of 377 patients met
the selection criteria, of which 40.8% (157/377) were cases
with vancomycin levels <10 mg/dL. In this study, 92 cases
and 202 controls were randomly selected in a 2:1 ratio.

Regarding the characteristics of the patients treated with
vancomycin included in the study, the median age was 59
(46-69) years, and 56.8% (167/294) were male. The median
weight was 64 (55-73) kg, median height was 1.65 (1.57-1.70)
m, and median body mass index was 23.6 (21.3-27.0) kg/m?.
Table 1 presents the clinical and sociodemographic charac-
teristics of patients treated with vancomycin, and Figure 1
shows the infectious diagnoses of these patients.

Among the patients included in the study, 23.1% (68/294)
had a hematologic-oncologic diagnosis, with other diagno-
ses being more frequent. Non-Hodgkin lymphoma was the

Table 1. Sociodemographic characteristics of Patients Treated with Vancomycin.

Variable Result n=294

Concomitant aminoglycoside medications, n (%) 11(3.8)

Vancomycin loading dose (mg/kg), Median (IQR) 30 (25.4-33.3)

Vancomycin maintenance dose (mg/kg), Median (IQR) 15 (13.5-17.8)

Vancomycin level before fourth dose (mg/kg), Median

12.6 (8.6-16.
(IQR) 6 (8.6-16.8)

Presence of fever, n (%) 170 (45.2)
Febrile neutropenia, n (%) 49 (13.0)
Intravenous fluid volume, Median (IQR) 3893 (1544-6979)
Patients admitted to the ICU, n (%) 127 (33.8)
Creatinine (mg/dL), Median (IQR) 0.8 (0.6-1)
Albumin (g/dL), Median (IQR) 2.7 (2.3-3.0)

Cockcroft-Gault GFR, Median (IQR) 83.5 (63.0-112.0)

CKD-EPI GFR, Median (IQR) 92.3 (72.6-107.4)

Volume of distribution, Median (IQR) 57.7 (39.8-105.1)

(ICU) intensive care unit
(GFR) glomerular filtration rate

most common neoplasm, followed by acute myeloid leuke-
mia. The median time since the last chemotherapy was 10
(7-14) days. Table 2 shows the characteristics of the patients
according to the distribution between cases (vancomycin
<10 mg/L) and controls (vancomycin >10 mg/L).

The cases were younger, had a higher median body mass
index, and had a higher frequency of hematologic-oncolo-
gic diagnoses, particularly acute lymphoblastic leukemia. In
addition, they had a lower maintenance dose of vancomycin,
lower median creatinine levels, and a higher glomerular fil-
tration rate by any formula than the controls, with these di-
fferences being statistically significant.

For the association analysis, febrile neutropenia was included
in the hematologic disease group to reduce collinearity. The
other variables remained unchanged. The factors associated
with subtherapeutic levels in the study patients are shown
in Table 3. The presence of hematologic-oncologic disease,
overweight, and obesity were risk factors for subtherapeu-
tic vancomycin levels. Some patients with normal weight
also had subtherapeutic levels. Age > 75 years and creati-
nine greater than 0.7 mg/dL were protective factors against
subtherapeutic levels. The model's R* was 76%, with a Baye-
sian index of -1832.3 and a Hosmer and Lemeshow good-
ness-of-fit test of 0.41, indicating a well-fitting model with
the retained variables best explaining the phenomenon of
subtherapeutic vancomycin levels.

Discussion

This study aimed to identify factors associated with subthe-
rapeutic vancomycin levels in hospitalized patients and to
determine whether there was a specific relationship with
hematologic-oncologic diagnoses. The multivariate analysis
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Figure 1. Infectious diagnosis of the study patients

revealed four statistically significant factors. Among them,
hematologic-oncologic disease and a body mass index grea-
ter than 23 were associated with subtherapeutic vancomycin
levels, while age > 75 years and creatinine levels greater than
0.7 mg/dL were protective factors.

The diagnosis of hematologic-oncologic disease showed a
stronger association than the other variables, with the most
frequent diagnoses including solid and mixed hematologic
neoplasms, followed by non-Hodgkin lymphoma and acute
myeloid leukemia. This result is primarily attributed to phar-
macokinetic variables such as increased vancomycin clearan-
ce and a larger volume of distribution, as described in the
study by Buelga et al., which included 215 patients in a one-
compartment pharmacokinetic model with a diagnosis of
hematologic-oncologic disease™.

Additionally, the presence of febrile neutropenia can lead to
subtherapeutic vancomycin levels due to increased distribu-
tion volume and clearance. In the study by Choi et al., which
evaluated neutropenic versus non-neutropenic patients re-
garding subtherapeutic levels, an Odds Ratio of 1.72 (95% Cl
1.06-2.79; P=0.029) was found between subtherapeutic van-
comycin levels and the presence of neutropenia. Although
the biological plausibility of this finding is not established,
it is believed to be due to reduced neutrophil-bacteria in-
teraction, increasing vancomycin binding to bacterial walls,
resulting in higher consumption and consequently lower
serum levels (reduced post-antibiotic effect)®. Another study
by Haeseker et al. included 171 patients, 56 of whom were
neutropenic, and found increased vancomycin clearance po-
tentially related to increased renal blood flow, genetic fac-
tors, younger age, other medications, and neutropenia B".
In our study, febrile neutropenia was present in 68 patients
(23.12%), but no statistically significant differences were ob-
served, unlike in other studies®3'.

The increased distribution volume in patients with hema-

tologic neoplasms suggests that higher vancomycin doses
are required to achieve effective levels®. This was evaluated
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using a Monte Carlo simulation in a study by Fernandez de
Gatta et al. in a hemato-oncologic population, who found
that doses of 3000-4000 mg/day were required to achieve a
high probability of clinical response when Staphylococcus au-
reus was susceptible, and calculated the cumulative respon-
se fraction for different Staphylococcus strains®. Similarly,
Haeseker et al. suggested a 33% dose adjustment to achieve
therapeutic levels in neutropenic patients B%, which is presu-
med to be related to higher clinical effectiveness 2% Howe-
ver, in this study, no statistically significant differences were
found in the distribution volume values calculated using the
Ambrose-Winter method™.

Another evaluated variable was body mass index, where
a value greater than 25 had an odds ratio of 1.15 (95% Cl
1.07-1.21; P<0.001). Despite being statistically significant, the
confidence interval was close to one, and the body mass in-
dex value was not clinically relevant nor directly related to
obesity. Studies have concluded that obese patients exhibit
different drug dispositions than non-obese patients, with
changes in pharmacokinetic variables®, including increased
distribution volume, higher vancomycin clearance, and alte-
red protein binding, reducing the free drug fraction. While
this might suggest a relationship with low vancomycin le-
vels, Richardson et al. documented serum levels of 16.6 mg/L
versus 12.1 mg/L (P = 0.004) in obese versus non-obese pa-
tients, respectively®.

Vancomycin is 80-90% excreted through the kidneys, with
body clearance related to renal creatinine clearance, requi-
ring adjustments for renal clearance values. The literature
classically uses the Cockcroft-Gault formula, with equations
like Modification of Diet in Renal Disease (MDRD) and CKD-
EPI included. In the study by Conil et al. in ICU patients, these
equations were compared, finding CKD-EPI to be the best
predictor for vancomycin clearance calculation®®. Unlike
other studies in which CKD-EPI has been shown to be the
best method for calculating vancomycin clearance in intensi-
ve care units, in our study, patients with subtherapeutic levels
showed higher glomerular filtration rates calculated by both
CKD-EPI and Cockcroft-Gault, although no statistically signi-
ficant differences were observed.

In recent years, increased renal clearance has been descri-
bed as a new phenomenon with an unclear etiology, which
is more frequent in ICU patients. Minkute et al. evaluated
the incidence of increased renal clearance in patients with
vancomycin levels, finding lower serum creatinine levels, as-
sociated with conditions like sepsis, trauma, surgery, hema-
tologic neoplasms, and burns, with up to twice the risk of
subtherapeutic levels?”. In our study, cases had lower crea-
tinine levels than controls, acting as a protective factor with
creatinine levels above 0.7 mg/dL.

Vancomycin clearance is related to renal clearance and patient
age. It has been found that elderly patients may have decrea-
sed clearance™. In the study by Sanchez et al., patients under
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Table 2. Demographic, clinical, pharmacokinetic, and hemato-oncological characteristics between cases and controls

Variable Controls (n=202) Cases (n=92)
Age, Median (IQR) 64 (53-73) 45.5 (33-58) <0.001
Male sex, n(%) 112 (55.4) 55 (59.8) 0.48
Body mass index, Median (IQR) 234 (21.0-26.3) 24.4 (21.8-27.9) 0.03
Hemato-oncological diagnosis, n(%) 41 (20.3) 27 (29.3) 0.03
Type of hemato-oncological disease
Acute lymphoblastic leukemia, n(%) 2(4.9) 4 (14.8)
Acute myeloid leukemia, n(%) 2 (4.9) 8 (29.6)
Hodgkin's lymphoma, n(%) 2 (4.89) 0 0.015
Non-Hodgkin's lymphoma, n(%) 12 (29.3) 6 (22.2)
Multiple myeloma, n(%) 1(24) 2(7.4)
Others, n(%) 22 (53.7) 7 (25.9)
Time since last chemotherapy, Median (IQR) 8 (5-14) 10 (7-13) 0.26
Concomitant aminoglycoside medications, n(%) 6 (3.0) 5 (5.6) 0.3
Vancomycin loading dose (mg/kg), Median (IQR) 30 (25.4-33.4) 30 (28.8-30) 0.33
Vancomycin maintenance doce (mg/kg), Median (IQR) 15.5 (13.9-18.1) 14.9 (12.7-16.6) <0.001
Vancomycin level before fourth dose (mg/kg), Median (IQR) 15.1 (12.2-18.4) 6.7 (5.4-8.4) <0.001
Presence of fever, n(%) 82 (40.6) 45 (49.4) 0.16
Febrile neutropenia, n(%) 41 (20.3) 27 (29.3) 0.08
Intravenous fluid volume (milliliter), Median (IQR) 3615 (1480-6930) 3745 (1321-7010) 0.74
Patients admitted to the ICU, n(%) 79 (39.1) 27 (29.6) 0.12
Creatinine (mg/dL), Median (IQR) 0.8 (0.7-1.1) 0.7 (0.6-0.9) <0.001
Albumin (g/dL), Median (IQR) 2.6 (2.2-3.0) 2.7 (24-3.2) 0.12
Cockcroft-Gault GFR, Median (IQR) 70.3 (53.2-89.1) 1108 (92-1403) <0.001
CKD-EPI GFR, Median (IQR) 84.8 (62.2-97.7) 105 (96.2-120) <0.001
Volume of distribution, Median (IQR) 56.6 (386-1122) 59.7 (41.6-87.1) 0.51

(ICU) intensive care unit
(GFR) glomerular filtration rate, (IQR) Interquartile Range

65 years were compared with those over 65 using a two-
compartment model, finding clearance values of 4.03+1.7
L/h in patients under 65 years compared to 2.24+1.2 L/h in
those over 65 years®. Similarly, in the previously mentioned
study by Minkute et al., age was statistically significant, with
younger patients having higher vancomycin clearance and
lower creatinine values (P=0.001) and levels below 0.4 mg/
dL associated with subtherapeutic vancomycin levels?’. Based
on these findings, age > 75 years was identified as a protecti-
ve factor for achieving therapeutic vancomycin levels.

This study has several limitations. First, it was an observa-
tional, retrospective, unicentric study. Regarding the van-
comycin serum levels, the record corresponded to the sam-

ple taken before the fourth dose. However, the exact time
of the sample was not established, assuming it was taken
according to nursing protocol. Another limitation is that fe-
brile neutropenia was not analyzed as a subgroup of hema-
tologic-oncologic patients, which may have influenced the
statistical significance of this variable. Additionally, the distri-
bution volume calculation was based on previous studies, as
we did not have software for population analysis, and these
measurements were estimations.

It emphasizes the importance of early and individualized
monitoring in populations at higher risk of subtherapeu-
tic vancomycin levels, particularly those with hematologic-
oncologic disease, febrile neutropenia, or augmented renal
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Table 3. Factors Associated with Subtherapeutic Levels in the patients.

Variable Odds Ratio [95% ClI] p-value
Age over 75 years, Yes 0.96 0.93-0.96 <0.001
HAemato—oncoIoglcaI 212 153-4.88 0,004
disease, Yes
Body mass index 225, Yes 1.15 1.07-1.21 <0.001
Creatinine over 0.7 mg/ 008 0.01-0.11 <0.001
dl, Yes

clearance. Based on the evidence and our findings, we re-
commend measuring vancomycin levels within the first 48
h after treatment initiation, with repeat monitoring every
48-72 h during the acute phase.

This corroborates that in patients with hematologic neo-
plasms or febrile neutropenia, vancomycin clearance may be
altered, leading to sub-therapeutic levels. Some Latin Ame-
rican studies have demonstrated that population pharmaco-
kinetic models allow optimization of vancomycin dosing in
intensive care units by adjusting loading and maintenance
doses, achieving concentrations closer to the therapeutic tar-
get range*®. In Colombia, one study showed that vancomycin
doses of 1 gram every 12 hours were insufficient for some
patients with normal or elevated clearance, suggesting the
need for higher doses as well as stricter monitoring®. The-
refore, based on our results, we provide additional evidence
that should be used to adapt local vancomycin dosing gui-
delines in Latin American oncologic populations, employing
population modeling and early monitoring strategies to ad-
just doses according to renal clearance, body mass index,
and the presence of neutropenia.

In conclusion, this is one of the few studies in Colombia that
describes the sociodemographic characteristics of patients
treated with vancomycin. It was determined that hemato-
oncological disease is a factor associated with subtherapeutic
vancomycin levels. This finding sets a precedent for this popu-
lation, particularly in the context of febrile neutropenia, where
monitoring of serum levels is justified and higher doses are
required to achieve effective levels that allow for an adequate
presumptive clinical response and help prevent resistance.

Other independent factors, such as age, body mass index,
and creatinine levels, were also identified. These variables are
closely related to pharmacokinetic parameters, such as drug
clearance and volume of distribution. Additional pharmaco-
kinetic studies are needed in special populations in our re-
gion to establish relationships with clinical outcomes. Likewi-
se, specific studies on hemato-oncological populations are
necessary to allow independent analysis of this group.

Ethical considerations

Protection of persons. Participation in the study was conduc-
ted in accordance with the principle of respect for people.
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