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Introduction. To prevent post-transplant complications associated with unbalanced immunosuppression, objec-
tive indicators reflecting the state of the immune system and associated with the immunosuppressant dose are
required. In pediatric liver transplantation, an important indicator of hepatocellular function and restoration of
anthropometric characteristics is insulin-like growth factor 1 (IGF-1), which exhibits both nonspecific and se-
lective immunomodulator properties. Objective: to assess the correlation between growth hormone and IGF-1
levels and tacrolimus dose and blood concentrations in pediatric liver recipients and to determine the possibil-
ity of using the IGF-1 level in selecting the drug dose required to achieve its target concentration in the blood.
Materials and methods. We examined 156 children aged from 2 to 105 (median — 8) months with liver cirrhosis
of various etiology, who received liver from a living related donor. The concentration of growth hormone and
IGF-1 was determined in blood plasma before, one month, and one year after transplantation using the enzyme-
linked immunosorbent assay. Tacrolimus residual concentration was measured in the patient’s whole blood by
immunochemical method. Results. Growth hormone levels in the blood of pediatric liver recipients did not cor-
relate with the dose or concentration of immunosuppressant tacrolimus one month or one year after transplantation,
whereas the IGF-1 content was directly related to tacrolimus dose one year later (r = 0.41, p = 0.001), but not a
month after surgery. The correlation coefficient was higher in uncomplicated post-transplant recipients (r = 0.51,
p = 0.002) than in those with complications (r = 0.26, p = 0.17). The diagnostic efficiency of the IGF-1 level
as an objective criterion for selecting the tacrolimus dose required to achieve its target blood concentration was
0.80+0.11; 95% CI [0.58-1.00] (p = 0.007). In recipients with blood IGF-1 levels >115.7 ng/mL, the probability
of prescribing a tacrolimus dose >0.25 mg/kg/day was 14 times higher than in children with lower blood IGF-1
levels. The estimated accuracy of the test was 83%, positive predictive value was 71%, and negative predictive
value was 85%. Conclusion. The IGF-1 level was found to correlate with tacrolimus dose in liver transplant
recipients one year after transplantation. The diagnostic efficiency of IGF-1 as a potential indicator for choosing
the tacrolimus dose required to achieve its target blood concentration is 80%, which suggests further study of the
test to assess the effectiveness of immunosuppression and selection of an individual immunosuppressant dose.
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Immunosuppression.

INTRODUCTION

The initial dose of immunosuppressants is prescribed

After organ transplantation, all patients are prescribed
immunosuppressive drugs to prevent rejection, which
in turn may have side effects [1, 2]. A 2—3-component
immunosuppressive therapy in pediatric liver recipients
includes tacrolimus (TAC), a calcineurin inhibitor. The
difficulty in selecting the optimal dose of calcineurin
inhibitors is associated with the narrow therapeutic index
and significant variability of individual pharmacokinetics
of drugs. If the drug dose is insufficient, graft rejection
is possible, an excessive dose may lead to infectious
complications.

taking into account clinical parameters like age, race,
donor/recipient leukocyte antigen (HLA) compatibility,
presence of HLA antibodies, etc. The effective TAC dose
is selected based on the results of monitoring its residual
concentration in the blood [3].

To reduce the incidence of complications, objective
indicators reflecting the state of the immune system and
associated with TAC dose or serum levels are needed
[4, 5]. Methods currently being developed to assess the
immunosuppression efficacy are based primarily on mea-
surement of parameters characterizing the T cell respon-
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se: quantitative determination of T cell proliferation, T
cell cytokine secretion, adenosine triphosphate (ATP)
release in T cells, phenotyping of T cell determinants,
etc. [6, 7]. Despite a significant number of studies, im-
munosuppression efficacy indicators have not found their
application in clinical practice for a number of reasons,
such as duration and complexity of analysis or its lack
of accuracy and reproducibility [8, 9].

In pediatric liver transplant (LT) recipients, the
growth hormone/insulin-like growth factor 1 (IGF-1)
system related to hepatocellular function, growth and
body weight regulation are important indicators. elevated
levels of growth hormone are combined with stunted
growth and body weight due to reduced IGF-1 levels in
the blood. Liver transplantation in children is accom-
panied by improved anthropometric parameters during
restoration of growth hormone/IGF-1 system [10, 11].

IGF-1, synthesized mainly in the liver, mediates the
peripheral effects of growth hormone, exerting a prolife-
rative, regenerative, and antiapoptotic effect on various
tissues [12]. The effect of IGF-1 on the immune system is
associated with regulation of proliferation, differentiati-
on, and metabolism of various cells. IGF-1 exhibits both
nonspecific immunomodulator properties (it stimulates
lymphopoiesis, immunoglobulin synthesis, T cell diffe-
rentiation [13, 14], and demonstrates a selective inhibi-
tory effect on IL-2-dependent lymphocyte growth [15].

Experimental studies have identified various mecha-
nisms of interaction between IGF-1 and TAC. Particu-
larly, it has been shown that both factors realize some
of their effects through calcineurin-dependent cellular
pathways [16—18]. In addition, it was found that intra-
venous and oral administration of TAC in rats increases
the IGF-1 levels in the blood [19, 20]. The relationship
between IGF-1 and TAC levels in the blood in paediatric
liver recipients has not yet been studied.

The purpose of this study was to assess the correlation
of growth hormone and IGF-1 levels with TAC dose and
blood levels in pediatric liver recipients and to determine
the possibility of using IGF-1 levels in selecting the drug
dose required to achieve its target blood concentration.

MATERIALS AND METHODS

The study included 156 children with end-stage liver
failure due to congenital and hereditary liver diseases,
65 boys and 91 girls aged from 2 to 105 (median 8)
months. The etiology of liver failure included the fol-
lowing diseases: biliary atresia, Caroli syndrome, biliary
hypoplasia, Alagille syndrome, Byler disease, and other
rare liver diseases, including Crigler—Najjar syndrome,
Von Gierke disease, alpha-1 antitrypsin deficiency, ty-
rosinemia, fulminant and autoimmune hepatitis, crypto-
genic cirrhosis, and others (Table 1).

The patients included in the study underwent li-
ving-donor liver transplantation. The recipients recei-
ved 2- or 3-component immunosuppressive therapy,
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Table 1
Patients included in the study

Number of patients 156

Age, months 8 (2-105)

Sex (M/F), number (%) 65 (42) /91 (58)
Biliary atresia 86; 55%
Caroli disease 15; 10%

Diseases, number | Biliary hypoplasia 14; 9%

of cases; % Alagille syndrome 12; 8%
Byler’s disease 7; 4%
Others 22; 14%

which included tacrolimus, corticosteroids, and myco-
phenolates. The starting TAC dose at its first use was
0.1 mg/kg/day, in the early postoperative period — 0.2—
0.3 mg/kg/day. The dose was further adjusted to achie-
ve the target concentration of the drug in the blood —
4-8 ng/mL during the first month after transplantation
and 3—6 ng/ml in the subsequent period.

TAC serum levels were measured in the patient’s
whole blood by immunochemical method on an AR-
CHITECT i2000 analyzer (Abbott, USA) using the AR-
CHITECT Tacrolimus Kit (Abbott, USA). Growth hor-
mone levels were measured in blood plasma by ELISA
using a specific reagent kit (DBC, Canada). IGF-1 levels
were measured in blood plasma by sandwich enzyme-
linked immunosorbent assay using the OCTEIA IGF-1
kit (IDS Ltd., UK). Optical density was measured using
a Zenyth 340r automatic microplate reader (Biochrom
Anthos, UK).

Data are presented as arithmetic mean (M) and stan-
dard deviation (SD) — M =+ SD, upper and lower bounds
of the 95% confidence interval (CI) with normal distri-
bution of the indicator. Data from nonparametric samples
are presented as median and interquartile range (2nd—3rd
quartile or 25-75th percentile). Comparative statistical
analysis was performed using nonparametric statistics
methods: Mann—Whitney U-test, paired Wilcoxon test,
Spearman correlation analysis. Differences were con-
sidered statistically significant when the probability of
error was less than 0.05 (p < 0.05).

ROC (receiver operating characteristic) analysis was
performed to evaluate the informativeness of the test.
The area under the ROC curve reflects the likelihood
that the test is able to separate one group of patients from
another. The null hypothesis was that the area under the
ROC curve does not differ from 0.5. Diagnostic sensitivi-
ty and specificity of the test, as well as optimal threshold
value of the biomarker were determined at the point of
maximum sum of sensitivity and specificity. Relative risk
was determined using a four-field contingency table for
the threshold IGF-1 concentration and estimated 95%
CI. The RR value was considered statistically significant
(p <0.05) if the lower limit of CI was greater than 1. We
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also calculated test accuracy (Ac), positive predictive
value (PPV) and negative predictive value (NPV).

Data were calculated using statistical programs: MS
Office Excel (MS, USA), SPSS Statistics 20 (IBM,
USA), and Statistica 7.0 (StatSoft, Inc., USA).

RESULTS AND DISCUSSION

The median and interquartile range of plasma levels
of growth hormone and IGF-1 in children with liver
failure were 4.3 (1.6 to 7.2) and 8.7 (0 to 24.8) ng/mL,
respectively. After liver transplantation, growth hormo-
ne levels significantly decreased to 1.4 (1.1 to 2.5) ng/
mL one month later (p =0.003) and 2.5 (1.6 to 5.6) ng/
mL one year after surgery (p = 0.015). Blood IGF-1 le-
vels increased to 74.2 (52.1 to 126.6) ng/mL one month
later (p = 0.0001) and 79.6 (42.9 to 111.7) ng/mL one
year after surgery (p = 0.0002). Data obtained confirm
previous reports and show that liver transplantation in
children with end-stage liver disease is accompanied
by increased IGF-1 levels and decreased concentrations
of growth hormone in the blood, which is obviously a
consequence of graft functioning [10, 21].

Table 2

Correlation between growth hormone (GH) levels
and TAC levels and its dose at various periods after
liver transplantation (LT)

TAC admi- TAC Coefficient of correlation
nistration with growth hormone levels
time after before | month | year

LT LT | after LT | after LT
Concentration, 016 0.05 001
ng/mL

Month

Dose, 0.00 | —0.05 | —0.03
mg/kg/day ’ ) ’
Concentration, 031 0.17 024
ng/mL

Year Dose

m/ke/day -0.13 0.07 -0.07
Table 3

Correlation between IGF-1 blood levels and serum
TAC levels and its dose at different periods after
liver transplantation (LT)

TAC admi- TAC Coefficient of correlation
nistration with IGF-1 levels
time after before | month year

LT LT | after LT | after LT
Concentration, 0.10 020 017
ng/mL

Month Dose

me/ke/day -0.05 0.05 0.19
Concentration, 0.07 0.09 026
ng/mL

Year Dose

) %
me/ke/day 0.24 0.19 0.41
*p=0.001.
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After transplantation, recipients received TAC at an
average dose of 0.22 + 0.12 mg/kg/day one month and
0.16 = 0.07 mg/kg/day one year after LT. Patients’ TAC
serum levels averaged 5.9 + 3.4 ng/mL one month and
7.2 £ 3.0 ng/mL one year after transplantation.

Correlation analysis of growth hormone content be-
fore and after transplantation with TAC levels and dose
administered one month and one year after transplan-
tation showed no statistically significant relationships
between growth hormone levels and concentration or
dose of the immunosuppressant (Table 2).

Analysis of the association of IGF-1 levels with the
dose and blood concentration of the drug showed a sig-
nificant direct correlation between the moderate strength
(r=0.41, p=0.001) and TAC dose one year after liver
transplantation (Table 3). No statistically significant as-
sociations with either dose or concentration were found
before and one month after surgery.

Thus, the results obtained show that the level of
growth hormone, unlike IGF-1, does not correlate with
TAC dose or levels, although the content of these hor-
mones in pediatric liver recipients one year after trans-
plantation, as well as in healthy children, is related [11].
The absence of such a correlation may particularly be due
to significant changes in the level of growth hormone in
blood as a result of circadian rhythms of its secretion.

IGF-1 levels one year after transplantation correlates
with the administered dose, but not with serum TAC
levels. Absence of such a relationship may be due to
the significant variability of immunosuppressant con-
centrations in the blood and the low values of residual
drug concentrations.

It should be noted that the revealed correlation does
not explain the causal relationship between IGF-1 levels
and the immunosuppressant dose required/sufficient to
achieve the target plasma concentration of the drug. The
relationship between IGF-1 levels and TAC dose and the
mechanisms underlying this interaction in pediatric liver
recipients has not been studied and may be the subject
of a separate study.

Experimental studies have shown an increase in IGF-
1 blood levels in rats in response to TAC administration
[19, 20], which agrees with the direct correlation bet-
ween IGF-1 levels and TAC dose (obtained in our study)
one year after transplantation, but does not explain the
absence of such correlation one month after surgery. At
the same time, considering the effect of IGF-1 on lym-
phocyte proliferation [14, 22] and the inhibitory effect
of TAC on T-cell division [23, 24], we can assume that
higher IGF-1 levels in the body leads to more active
lymphocyte proliferation, which requires a higher TAC
dose to inhibit.

The absence of correlation between IGF-1 levels and
TAC dose one month after transplantation may be due to
the fact that the optimal dose of the immunosuppressant
in the majority of recipients during this period has not
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yet been selected. The presence of correlation one year
after transplantation may be due to the fact that by this
period, the optimal TAC dose can be chosen in a part of
recipients, at least with a favorable postoperative period.
This is confirmed by the results of analysis of correla-
tion between IGF-1 levels and TAC dose depending on
complications: the correlation coefficient in recipients
with uneventful post-transplantation period (r = 0.51,
p = 002) is higher than in recipients with complications
(r=0.26,p=0.17).

Moreover, the direct correlation between IGF levels
and TAC dose revealed in our work is consistent with
the experimental data on the common mechanisms of
realization of some effects of IGF and TAC through cal-
cineurin cellular pathways [16, 17, 20], which probably
suggests competition for common binding sites and, con-
sequently, direct correlation between the content of these
factors in the blood mediated through them.

However, despite the lack of study of the mechanisms
underlying the identified relationship, the obtained result
allows us to consider the IGF-1 blood levels as a poten-
tial indicator for selection of a drug dose in pediatric
liver recipients.

Based on regression analysis between IGF-1 levels
and TAC dose in recipients without complications one
year after transplantation (Fig. 1), we obtained a linear
dependence equation: y = 0.091 + 0.0007 x x, which
allows the calculation of TAC dose (y) by IGF-1 levels
(x). The coefficient of determination of linear regression
(r*) is 0.34, r = 0.58, p = 0.0002.

To assess the informative characteristics of IGF-1
levels as an objective criterion for TAC dose selection,
the recipients were divided into 2 groups: those recei-
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Fig. 1. Linear regression analysis of IGF-1 blood levels with
TAC dose in pediatric recipients without complications one
year after liver transplantation (y = 0.091 + 0.0007 x x), r* =
0.34,r=10.58, p=10.0002

ving low (0.03-0.24 mg/kg/day) and higher TAC dose
(0.25-0.36 mg/kg/day). IGF-1 levels in these groups
were 7.1 (0.1 to 25.5) and 13.2 (11.0 to 24.4) ng/mL
before transplantation, respectively. One month later,
they were 86.3 (56.5-161.3) and 115.0 (82.4-168.4)
ng/ml, respectively. There were no significant diffe-
rences in IGF-1 levels in children who received high
and low doses of TAC both before (p = 0.212) and one
month after transplantation (p = 0.302). One year af-
ter surgery, however, recipients who received a higher
TAC dose had significantly higher IGF-1 levels: 138.6
(110.2 to 189.7) ng/mL than those who received a lower
dose: 64.3 (43.5 to 100.0) ng/mL (p = 0.005) (Fig. 2).
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Fig. 3. ROC analysis of IGF-1 blood levels in pediatric reci-
pients one year after liver transplantation (LT), as an indica-
tor for choosing a TAC dose one year after LT: AUC = 0.80 +
0.11; 95% CI 0.58-1.00, p = 0.007
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Fig. 4. Sensitivity and specificity of IGF-1 blood levels in
pediatric recipients one year after liver transplantation (LT)
as an indicator for TAC dose adjustment a year after LT

Table 4

Characteristics of a TAC dose requirement
test based on IGF-1 levels one year after liver

transplantation

Characteristics Values
TAC dose requirement test >0.25 mg/kg/day
AUROC, 95% CI 0.80 +0.11; [0.58-1.00]
Sensitivity 0.75
Specificity 0.91
IGF-1 threshold 115.7 ng/mL
Relative risk, 95% CI 14.3 +1.0; [2.0-106.1]*
Test accuracy (Ac) 83%
Positive predictive value (PPV) 71%
Negative predictive value o
(NPV) 85%
*p<0.05.
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ROC analysis showed that the area under the curve
(AUC) was 0.80 £ 0.11; 95% CI [0.58-1.00], p = 0.007
(Fig. 3). Based on an analysis of the dependence of test
sensitivity and specificity on IGF levels, the threshold
level of the biomarker was determined (Fig. 4) and re-
lative risk values were calculated. The test accuracy, the
positive predictive value and negative predictive value
were also measured (Table 4).

According to results obtained, the IGF-1 levels in
recipients makes it possible to determine the TAC dose
with an 80% probability. Recipients with IGF-1 levels
>115.7 ng/mL had a 14-fold higher risk of TAC dosing
>0.25 mg/kg/day than children with lower IGF-1 levels.
The estimated test accuracy was 83%, and the proba-
bilities of positive and negative predictions were 71%
and 85%, respectively, which are considered “good test”
indicators.

Current methods for assessing the efficacy of immu-
nosuppression based on the T cell response are complex
and time-consuming [8, 9]. Determination of IGF-1 le-
vels by immunoassay takes about 6 hours and is an ac-
ceptable method in terms of complexity and duration for
clinical transplantology. Besides, IGF-1 has important
properties that allow it to be considered as a potential
biomarker for TAC dose selection, at least in liver reci-
pients, because more than 90% of IGF-1 circulating in
the systemic bloodstream is synthesized in the liver [25,
26]. IGF-1 levels are significantly higher than that of
other peptide hormones, and IGF-1 half-life is 2—4 hours,
which is 6-10 times longer than that of other similar
hormones. IGF-1 levels in the blood plasma of healthy
children, unlike growth hormone, whose secretion varies
throughout the day, is quite stable, it gradually increases
with age and reaches its maximum values at puberty.

The present study is observational, retrospective and
hypothesis-driven, which requires a prospective study to
confirm or refute. In addition, the study did not examine
the possible influence of other factors on serum IGF
levels, such as the recipients’ age, concentrations of va-
rious hormones, doses of corticosteroids and mycophe-
nolates administered during immunosuppressive therapy,
etc., since the authors assumed that these factors do not
differ significantly in patients of the same age group.

The authors declare no conflict of interest.
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