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Abstract

Purpose
This study aimed to investigate the interactions between posaconazole (POS) and intravenously/orally
administered Cyclosporine A (CsA) in allogeneic hematopoietic stem cell transplant (HSCT) recipients.

Methods
We included 118 allogeneic HSCT patients who received CsA and POS simultaneously between January
2017 and June 2020 this study. The ratio of CsA blood concentration (ng/mL) to dosage (mg/day) (C/D)
before and after POS initiation was compared.

Results
After the initiation of POS, the level of CsA increased 1 to 2 times in 66% (78/118) of patients compared
to those without POS. However, the CsA C/D ratio increased by more than threefold in 6% (7/118) of
patients after POS initiation, with an increase of more than fourfold in two patients. The median C/D ratio
of CsA increased from 0.89 to 1.23 (P < 0.001) and 0.78 to 1.22 (P < 0.001) after POS initiation when CsA
was administered intravenously and orally, respectively. In patients who received POS at the time of
transition from intravenous to oral CsA, the value increased from 1.01 to 1.38 (P = 0.001). The route of
administration had no signi�cant effect on the change in the CsA C/D ratio (P = 0.615). Additionally, we
observed the time required for the C/D ratio to reach a plateau after POS initiation was similar on days
13, 8, and 15 under various scenarios.

Conclusion
POS treatment increased blood CsA levels. A large variability was found in the fold-change in the CsA C/D
ratio. Therefore, CsA doses should be adjusted by closely monitoring the blood levels of CsA after POS
initiation.

Introduction
Hematopoietic stem-cell transplantation (HSCT) has made great progress in the past half-century as the
most effective approach for treating hematological malignancies and some inherited and immune
disorders[1]. Graft-versus-host disease (GVHD) is a common complication after HSCT, which seriously
affects the prognosis and can even lead to transplantation failure and death[2]. Cyclosporine A (CsA), a
potent immunosuppressant, can speci�cally inhibit T lymphocytes without affecting the function of
phagocytes and does not produce obvious bone marrow suppression. It is widely used to prevent and
treat GVHD after HSCT[1, 3].
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The bioavailability of CsA is only 20–50% owing to its incomplete absorption from the gut[4]. The
elimination half-life (t1/2) varies widely from 10 to 30 h. After metabolism in the liver, CsA metabolites are
mainly excreted into the bile, with only approximately 6% of the parent drug found in the urine. Food
intake, time after transplantation, liver and kidney function, bile secretion, genetic factors, drug dosage
forms, and gastrointestinal status may affect the absorption, metabolism, and elimination of CsA,
resulting in a large individual variability in the disposition of CsA in vivo[5]. CsA use is usually associated
with a high incidence of rejection and side effects. As the substrate of cytochrome P450 (CYP) 3A4/5 and
P-glycoprotein (P-gp), CsA can interact with various drugs, including antibiotics, antifungals, and
glucocorticoids[6].

Posaconazole (POS) is a second-generation triazole drug with a broad spectrum of applications against
yeasts and molds. It has been approved for prophylaxis of fungal infections in allogeneic HSCT and bone
marrow transplant recipients[7]. Studies indicate that POS is more effective than other azoles, such as
�uconazole and itraconazole, in preventing invasive fungal infections in adult patients with
myelodysplastic syndrome and other hematological diseases, thus reducing the mortality related to
fungal infections[8]. The POS has unique pharmacokinetic characteristics. It is metabolized by the
enzyme uridine diphosphate-glucuronosyltransferase (UGT)[9]. One previous study has suggested that
POS is a substrate and inhibitor of P-gp e�ux transporters. Orally administered POS may increase the
blood concentration of CsA by inhibiting P-gp activity in the small intestine or on the biliary canalicular
front of hepatocytes[10]. POS is a potent inhibitor of CYP3A4 expression. It can reduce the metabolism of
CsA by inhibiting the activity of hepatic enzymes, resulting in an increase in the serum concentration of
CsA, which is prone to cumulative poisoning.

Drug-drug interactions between azoles and immunosuppressants have received increasing attention in
the clinical treatment of transplant recipients. In previous studies, concomitant administration of azoles
(e.g., ketoconazole, itraconazole, or voriconazole) with CsA in transplant recipients increased exposure to
CsA by 70–438%, and the dosage of CsA was reduced by 48–78%[11–14]. Similar to other azole
antifungal agents, POS substantially increases the plasma concentrations of immunosuppressants. A
previous study found that coadminisration of POS with sirolimus can increase the sirolimus blood
concentration by approximately nine-fold and can result in sirolimus toxicity[10], and a systematic review
concluded that when POS is co-administered, the dosage should be reduced by 60–70% for
sirolimus/tacrolimus and by 30–40% for CsA following HSCT and solid-organ transplantation[9].

To evaluate the effect of POS on CsA and to guide the rational use of CsA, we retrospectively investigated
the concentration of intravenous and oral CsA before and after coadminisration with POS in patients who
underwent allogeneic HSCT. The study aimed to determine the magnitude of drug interactions between
POS and intravenously or orally administered CsA, and the change in trend of CsA concentration when
administered via different routes before and after POS initiation.

Methods
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Study design and Subjects

This retrospective study was conducted in a cohort of patients who underwent HSCT at Fujian Medical
University Union Hospital between January 2017 and June 2020. Electronic medical records were
investigated to identify patients who received a combination of cyclosporine injection (Sandimmune®,
Novartis Pharmaceutical Co., Ltd) or cyclosporine soft capsule (Neoral®, Novartis Pharmaceutical Co.,
Ltd) and POS oral suspension (Noxa�l®, Merck Sharp & Dohme Ltd.). Three strategies were used to
prevent GVHD after HSCT: CsA combined with mycophenolate mofetil and short-term methotrexate, CsA
combined with glucocorticoid, and CsA combined with mycophenolate mofetil and glucocorticoid. The
initial dose of CsA was 3 mg/kg/day, administered via an intravenous pump. When the gastrointestinal
symptoms and mucosal reactions of the patients were relieved, CsA was administered orally (5
mg/kg/day) twice a day. The CsA dose was adjusted to maintain the trough level (sampling at the end of
the dosing interval) between 200 and 400 ng/mL at the initial 2 months after HSCT. The POS oral
suspension was administered with meals at a dose of either 400 mg orally twice daily (preemptive
treatment) or 200 mg orally three times daily (prophylaxis). 

Patients with at least two CsA trough levels, sampled before and after concomitant POS therapy, were
enrolled in the study. Exclusion criteria were as follows: (1) blood sample taken at the time of maximum
blood concentration (Tmax) of CsA; (2) patients prescribed other drugs that can affect the activity of
CYP3A4 enzyme or P-gp e�ux transporter, such as erythromycin, clarithromycin, rifampicin, and
phenobarbital; and (3) patients with hepatic or renal impairment during the coadminisration of CsA and
POS. 

The study was approved by an independent ethics committee at Fujian Medical University Union
Hospital and was conducted in accordance with the Declaration of Helsinki and the International
Conference on Harmonization Guidelines for Good Clinical Practice. The requirement for informed
consent was waived because only retrospective data were collected. 

Data collection 

The patients’ medical records were retrieved. Data on the dosage, time, route of administration of CsA,
other demographic characteristics, and medical records were collected. Hepatic dysfunction was de�ned
as aspartate transaminase (AST) level > 3 times the upper limit of normal, total bilirubin level > 2 mg/dL,
or known hepatic cirrhosis at the start of azole therapy. Renal dysfunction was de�ned as a serum
creatinine level > 2.0 mg/dL or creatinine clearance < 30 mL/min.

Determination of concentration/dose (C/D) ratio of CsA 

The trough concentration of CsA was measured before and after POS combination of POS. The dose-
normalized trough level (C/D) was calculated according to the following equation:

C/D (ng/day per mg/mL) = trough blood level (ng/mL)/daily dose (mg/day)
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After the combination of POS and CsA for more than 7 days, if the patient took the same dose of CsA for
several consecutive days with the trough level within the therapeutic window, we assumed that the CsA
concentration had reached a steady state. In this case, the mean C/D ratio was calculated and de�ned as
the steady-state C/D ratio after the coadminisration of POS and CsA. The fold change in the C/D ratio is
considered as a surrogate re�ecting the effect of POS on CsA concentration. 

Statistical method

Data are expressed as mean ± standard deviation (SD) or median (range), depending on the data
distribution. Normality was tested using the Shapiro-Wilk test. Statistically signi�cant differences in the
C/D ratio before and after initiating POS were assessed using student’s t-test if the data conformed to a
normal distribution; otherwise, the Wilcoxon signed-rank test was applied. Similarly, a one-way analysis of
variance (ANOVA) test or Kruskal-Wallis test was used for three or more groups. The chi-squared test was
used to analyze categorical data. All analyses were performed using IBM SPSS Statistics, version 26
(IBM, New York, NY, USA). Statistical signi�cance was set at P < 0.05.

Results

Patient Demographics
In total, 118 patients were enrolled in this study. The cohort was strati�ed into Group 1 (N = 50), Group 2
(N = 39), and Group 3 (N = 29) based on the administration route of CsA. CsA was intravenously
administered to patients before and after the initiation of POS treatment in Group 1, while oral CsA was
administered in Group 3. In Group 2, the patients received POS at the time of transition from intravenous
to oral CsA. The characteristics of the study population are summarized in Table 1. There was no
signi�cant difference across the three groups in basic demographic data and clinical examination before
coadminisration with POS (P > 0.05).
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Table 1
Demographic and biomedical data of allogeneic HSCT patients

Item Group 1 Group 2 Group 3 p-Value

(N = 50) (N = 39) (N = 29)

Male/female (cases) 29/21 21/18 15/14 0.849

Age(years) 25.3 ± 15.28 23.54 ± 15.44 27.17 ± 13.04 0.606

Height(cm) 153.52 ± 24.77 149.79 ± 28.21 157.93 ± 23.27 0.426

Weight(kg) 50.01 ± 19.22 47.66 ± 20.83 54.06 ± 16.94 0.297

RBC(1012/L)

)

3.55 ± 0.81 3.31 ± 0.86 3.08 ± 1.09 0.082

HGB(g/L) 106.62 ± 23.92 102.23 ± 25.84 93.69 ± 31.84 0.269

HCT(%) 32.73 ± 7.11 31.25 ± 8.25 28.33 ± 9.84 0.23

PLT(109/L) 180.12 ± 78.61 148.37 ± 93.62 150.38 ± 121.7 0.272

TBIL(µmol/L) 9.61 ± 4.82 8.97 ± 3.93 9.51 ± 6.07 0.851

IBIL(µmol/L) 6.8 ± 3.73 6.13 ± 3.08 6.54 ± 4.92 0.564

TP(g/L) 69.14 ± 7.95 68.39 ± 6.76 70.52 ± 8.16 0.52

ALB(g/L) 42.1 ± 7.36 42.36 ± 5.18 42.12 ± 5.52 0.74

ALT(IU/L) 29.2 ± 20.18 24.41 ± 16.29 25.14 ± 13.86 0.531

AST(IU/L) 29.64 ± 26.91 25.21 ± 11.02 28.41 ± 25.23 0.682

GGT(IU/L) 50.52 ± 73.5 42.54 ± 64.77 47.28 ± 50.6 0.465

ALP(IU/L) 113.46 ± 84.4 141.36 ± 90.64 95.1 ± 34.62 0.118

TBA(µmol/L) 3.92 ± 1.06 4.26 ± 1.68 4.42 ± 1.47 0.386

Urea(mmol/L) 50.58 ± 20.61 46.67 ± 21.97 52.55 ± 19.27 0.394

Creatinine(µmol/L) 314.69 ± 83.36 298.56 ± 116.8 317.31 ± 95.77 0.321

RBC: red blood cell; HGB: hemoglobin; HCT: hematocrit; PLT: platelet; TBIL: total bilirubin; IBIL: indirect
bilirubin; TP: total protein; ALB: albumin; ALT: alanine transaminase; AST: aspartate transaminase;
GGT: gamma-glutamyl transpeptidase; ALP: alkaline phosphatase; TBA: total bile acid.

The C/D ratio of CsA increased in 82% (97/118) of patients after the initiation of POS, with 82 (41/50), 82
(32/39), and 83 (24/29) in Groups 1, 2, and 3, respectively. In Group 1, the median C/D ratio of CsA post-
POS treatment was 1.23 (ng/mL)/(mg/d) (range: 0.51–3.12), signi�cantly higher than the value of pre-
POS treatment [0.89 (ng/mL)/(mg/d), range: 0.30–3.17, P < 0.001]. The median C/D ratio of CsA was
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1.01 (ng/mL)/(mg/d) (range: 0.45–2.34, P = 0.001) and 1.38 (ng/mL)/(mg/d) (range: 0.65–2.87) before
and after coadminisration with POS in Group 2. In Group 3, the median C/D ratio of CsA 1.22
(ng/mL)/(mg/d) (range: 0.64–3.90) with POS is also higher than 0.78 (ng/mL)/(mg/d) (range: 0.35–
2.68, P < 0.001) without POS. The change in the C/D ratio of CsA before and after the initiation of POS in
the three groups is shown in Fig. 1.

Figure 2 shows the distribution of the fold change in CsA C/D in the three groups. Compared with the C/D
ratio of CsA without POS, the level of CsA with POS co-therapy increased 1–2 times in 66% (78/118) of
patients, including 64% (32/50) in Group 1, 77% (30/39) in Group 2, and 55% (16/29) in Group 3. The C/D
ratio increased more than two-fold in 9 (18%), 2 (5%), and 8 (28%) patients in the three groups,
respectively. Notably, the CsA C/D ratio in 6% (7/118) of the patients increased more than threefold after
POS initiation, with an increase of more than fourfold in two patients.

The fold change in the CsA C/D ratio was analyzed. Figure 3 shows that there was no signi�cant
difference in the C/D ratio alteration of CsA among the three groups (P = 0.615). Compared with the value
prior to POS initiation, the median C/D ratio of CsA post-POS co-therapy increased by 1.39 (range: 0.69–
3.89) fold in Group 1, 1.43 (range: 0.45–2.32) fold in Group 2, and 1.44 (range: 0.85–4.55) fold in Group
3. The mean magnitude increased in the CsA C/D ratio after POS initiation was found to be
approximately 1.5 in all patients. The mean coe�cients of fold-change variation were 43.4%, 32.3%, and
55.7% in groups 1, 2, and 3, respectively.

Changes In Csa C/d Ratio Overtime After Pos Initiation
The C/D ratio of CsA was plotted against the number of days after coadminisration with POS (Fig. 4).
The level of CsA slowly increased and gradually reached a steady state in all three groups when POS was
used concomitantly. We observed that the C/D ratio reached a plateau after the initiation of POS at a
similar time in all three groups. In Group1, the C/D ratio reached a steady state around day 13 after POS
initiation, with values ranging from 0.43 4.07 (ng/mL)/(mg/d). The LOWESS curve of Group 2 shows that
the CsA C/D ratio �uctuated between 0.41 and 3.46 (ng/mL)/(mg/d) after the initiation of POS treatment,
and two peaks were observed on Days 8 and 20. When the co-therapy with POS took effect, a zenith
around day 15 was observed in Group 3 with a range of 0.48 to 3.90 (ng/mL)/(mg/d) in CsA C/D ratio.

Discussion
To the best of our knowledge, this is the �rst study to analyze the impact of oral POS on the
concentration of oral and/or intravenous CsA simultaneously in the largest number of patients. We
observed that, regardless of the administration route of CsA (oral or intravenous), oral POS could
signi�cantly in�uence the blood concentrations of CsA by 0.45 to 4.55-fold in recipients undergoing
allogeneic HSCT. Tremendous inter-individual variability was observed in the fold change in the CsA C/D
ratio, with the coe�cient variation ranging from 32.3–55.7%. We also investigated the tendency of CsA
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levels over time after POS initiation, with the C/D ratio reaching a steady state 8–20 days after the
initiation of POS.

Wide inter-individual variability in the magnitude of drug interaction between POS and CsA was observed
in our program. Similar to the results of previous studies, the C/D ratio of CsA with POS co-therapy
increased by 1 to 2 times in most patients across various subgroups when compared to that without
POS. One study assessed four heart transplant recipients on a regular regimen of CsA and found that the
AUC0-τ of CsA increased by 1.3-fold at the initiation of POS therapy[14]. In another study conducted in 41
blood and marrow transplant recipients, the authors reported that after 30 days of combined treatment,
POS led to a 50% reduction in CsA dose and an approximate doubling of the C/D ratio[7]. Robinson et al.
performed a retrospective and prospective study in patients undergoing allogeneic HSCT[15]. They
demonstrated a high incidence of cyclosporin-related toxicity when patients received CsA and POS
concomitantly. As recommended in the POS package insert, CsA should be reduced by 25% at the
initiation of combined treatment with POS. Our results, together with those of previous studies,
demonstrate that POS could increase the concentration of CsA, leading to related toxic reactions.
Therefore, caution should be exercised when CsA is co-administered with POS.

The administration route of CsA did not signi�cantly affect the change in the CsA C/D ratio in our study.
The highest coe�cient of variation of fold change after POS co-medication was observed in the group
receiving oral CsA. Since CYP3A4 enzymes are present in the small intestine and liver, intestinal and
hepatic enzymes are major interaction sites during the oral administration of CsA. In patients following
HSCT co-administered voriconazole, Atiq et al. found that the bioavailability of orally administered CsA
was nearly 100%, possibly due to the inhibition of CYP3A4 enzymes in the gut wall by voriconazole[5].
Therefore, intestinal CYP3A4 may play an essential role in oral CsA metabolism. Additionally, orally
administered POS inhibited P-glycoprotein activity in the small intestine, increasing the blood
concentrations of oral CsA[9, 16]. The large inter-individual variability in the oral absorption and �rst-pass
effect of CsA is also one of the reasons for the extensive variation in the C/D ratio in orally administered
CsA.

Because of the long half-lives of azoles, most reach steady-state concentrations after 5–7 days and
exhibit their maximal effect on enzyme inhibition. Nara et al. investigated the interactions between
itraconazole and orally administered calcineurin inhibitors over seven days[11]. They reported that the
dose-adjusted trough concentrations of tacrolimus and CsA signi�cantly increased from day 3 and
stabilized on day 5 after itraconazole initiation. In the study by Cho et al., the highest C/D ratio of
sirolimus was observed 9–12 days after POS initiation, and a new steady state was reached in
approximately 17–20 days[10]. Currently, it has not been clari�ed how long the interaction reaches a
steady state after coadminisration with CsA and POS. Our study observed that the time required for the
C/D ratio of CsA to reach a plateau after POS initiation was similar under various scenarios. After
concomitant administration of POS, the C/D ratio of CsA slowly increased and gradually plateaued at
approximately 8–20 days. The in�uence of POS on CsA levels, in our opinion, is associated with the
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steady state of POS, which is considered to be eight days based on the half-life of approximately 35h
provided in POS instruction.

Immunosuppressive agents, such as tacrolimus, sirolimus, and CsA, are frequently used to prevent and
treat graft-versus-host-disease (GVHD) in transplant recipients. As these medications are substrates of
cytochrome P450-3A4 (CYP3A4), POS may increase their exposure. In a study of 15 patients following
HSCT, the author suggested a 33–50% empirical sirolimus dose reduction to maintain therapeutic drug
concentrations when using sirolimus and POS concurrently[17]. However, Greco et al. concluded that the
sirolimus dose should be reduced by 55–70% when posaconazole is introduced[18]. This may be due to
the large interpatient variability in sirolimus pharmacokinetics, especially when co-administered with
strong CYP3A4 inhibitors. Similarly, POS can lead to an increase in the tacrolimus concentration.
Vanhove et al. found a 4.4-fold increase in tacrolimus C/D levels upon POS initiation in solid organ
recipients[13]. Similar results have been observed in patients undergoing HSCT. Collin et al.
recommended that it was necessary to reduce the tacrolimus dose by 50% empirically with concomitant
use of POS[19], while a 50–75% dose reduction was advised by Peksa et al[20]. Consistent with Fucheng
Cheng, we recommended an initial empirical CsA dose reduction of 30–40% based on our results[9]. In
summary, owing to the posaconazole-related inhibition of CYP3A4 activity, the interaction between POS
and immunosuppressive drugs is an essential consideration in the clinical management of transplant
recipients. Dose reduction of immunosuppressants is necessary to sustain the therapeutic levels of the
drug and reduce adverse events associated with increased concentrations.

Triazole antifungals, including voriconazole, itraconazole, and POS, are strong inhibitors of CYP3A
isoenzymes and display pronounced interactions with immunosuppressants. Groll et al. reported that the
strength of the inhibitory effect of POS on CYP3A4 is comparable to that of voriconazole[16]. Valenzuela
et al. showed a 23.1% increase in the level of CsA in pediatric patients[12], and Masoumi et al. claimed
that the CsA C/D ratio increased signi�cantly by a factor of 1.4[21], when CsA was concurrently used with
voriconazole in HSCT patients. A similar effect was observed for POS in our study, with an approximately
1.5-fold increase in the C/D ratio, which supports the �ndings of Groll et al[16, 22]. In comparison, a 2.7-
fold increase in the concentration of CsA was observed with concomitant itraconazole, which was
signi�cantly higher than the value of CsA co-administered with voriconazole and POS. A plausible
explanation could be that in addition to itraconazole having a stronger inhibitory effect on CsA by
inhibiting CYP3A and Pg-glycoprotein activity, the metabolites of itraconazole also inhibit hepatic
microsomal enzyme activity[11]. Other triazole antifungal drugs, such as �uconazole and isavuconazole,
are considered moderate CYP3A4 inhibitors. In a more recent study by Tina et al., the authors found that
�uconazole initiation led to a 25% reduction in the CsA dose to maintain the goal concentration[23]. A
similar �nding has been reported for isavuconazole, which resulted in a 29% increase in CsA
exposure[24]. This is consistent with the moderate inhibition of CYP3A4 enzyme[23, 25]. Therefore, when
CsA is combined with triazole antifungals, therapeutic drug monitoring and dose adjustment are
necessary.
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Consistent with earlier reports, our �ndings further con�rmed that POS could lead to an increase in the
CsA C/D ratio by a factor of 1.5 for the majority of patients. Of note, at the start of POS, 6% (7/118) of
patients in our study showed more than a 3-fold increase in concentration, with two of them showing a 4-
fold increase. Our results showed a wide variability in the fold increase in the CsA C/D ratio �uctuating
between 0.4 and 4.5 fold after POS initiation. One possible reason is the variability in the
pharmacokinetics of CsA, which is correlated with various factors, such as food intake, time since
transplantation, liver function, bile �ow, genetics, gastrointestinal state, and the application of combined
drugs, causing inter-individual differences in the interaction between the two drugs.

We acknowledge that, because POS levels were not evaluated, we could not assess the relationship
between the blood concentration of POS and its drug interaction with CsA. One report demonstrated that
the apparent dose responsiveness of CYP3A inhibition with POS appeared to re�ect the submaximal
inhibition potential of CYP3A4 with lower exposure to POS. In a population pharmacokinetic study,
Boonsathorn et al. found that immunosuppressants, including CsA, tacrolimus, sirolimus, and everolimus,
did not affect the pharmacokinetics of POS [26]. In addition, the e�cacy of azoles is closely related to
their plasma concentrations; thus, no adjustment of the POS dose is required when combined with CsA[9,
14, 27]. This was also the case in our study, with a maintenance dose of 200 mg TID or 400 mg BID. In
the future, studies on POS pharmacokinetics are required to de�ne drug interactions further.

Despite the larger number of patients in this study, we cannot ignore some limitations. First, data on POS
concentrations and genetic polymorphisms of patients were not available because of the retrospective
nature of the analysis. Moreover, the association between blood POS and CsA levels could not be
analyzed. In particular, oral suspensions of POS have a more complex absorption pro�le and may cause
differential effects. In addition, after the impact of POS on CsA has reached a steady state, CsA
concentrations are usually monitored once per week or per two weeks in our institution. Thus, the
concentration of oral CsA was much lower after 20 days of coadministration, which may affect the trend
of CsA concentration changes. Overall, data on the impact of POS on CsA pharmacokinetics are limited,
and further analysis is essential to explore the trends detected in this retrospective program.

Conclusions
The coadministration of POS can increase CsA concentration levels, with a great deal of individual
variability in the magnitude of change after allogeneic HSCT. Based on the �ndings of our study, an initial
empirical CsA dose reduction between 30% and 40% is recommended. Nevertheless, empirical dose
reductions cannot be applied to all patients, and CsA dose adjustment via therapeutic drug concentration
monitoring is required.
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Figures

Figure 1

The concentration/dose ratio of CsA before and after initiation of POS in the three groups. The C/D ratio
increased signi�cantly (P<0.05) in the same group.
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Figure 2

Proportional change in CsA C/D ratio between the period prior to POS initiation and after POS initiation.
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Figure 3

Box diagram of fold change in CsA C/D ratio before and after POS treatment across the three groups.
There was no signi�cant difference (P=0.615).
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Figure 4

The C/D ratio of CsA evolution with POS initiation over time in hematopoietic stem cell transplant
recipients, with LOWESS curve. Day 0 shows the C/D ratio of CsA before co-administration of POS.


