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Objectives. Tis study aimed to investigate the efects of diferent triazole antifungal agents on the blood concentration and dosage
of cyclosporine (CsA) in patients with aplastic anaemia (AA).Methods.Tis retrospective study enrolled AA patients who received
CsA and triazole antifungal agents simultaneously between January 2018 and December 2022. Te ratio of CsA blood con-
centration (ng/mL) to dosage (mg/day) (C/D) co-administration with and without azoles was compared. Te efects of diferent
triazole antifungal agents on blood concentrations and dosages of CsA were analysed. Results. Te mean C/D ratio of CsA
increased 1.97 times when co-administered with posaconazole (POS), while the mean C/D ratio of CsA increased 1.76 times when
co-administered with fuconazole (FCZ). Compared with CsA monotherapy, there was a signifcant diference in CsA con-
centrations among patients with azoles (P< 0.05). Te mean dose of CsA decreased was 0.26 (−0.25—1.05) mg/kg/day and 0.18
(−0.50—0.69) mg/kg/day when co-administered with POS and FCZ, respectively. Tere is a wide interindividual variability in the
magnitude of drug interaction between azoles and CsA. Conclusions. Although azoles increased CsA concentration, a wide
individual variability was found in the patients with CsA C/D ratio. Terefore, the CsA dose should be adjusted by closely
monitoring the blood levels of CsA co-administered with triazole antifungal agents. In addition, we observed that POS had
a greater efect on the blood concentration of CsA than FCZ. When adjusting the dose of CsA in clinical practice, the blood
concentration of CsA and the type of co-administered triazole antifungal agents should be considered.

1. Introduction

Aplastic anaemia (AA) is a bone marrow haematopoietic
failure syndrome. Its annual incidence is 0.74/100,000 in
China, and it can occur in all age groups [1]. Serious aplastic
anaemia can cause fatalities, with a mortality rate of 75% [2].
Te pathogenesis of AA is unclear; however, T-lymphocyte-
mediated immune damage to haematopoietic stem cells is
the pathological basis of its development, and abnormally
high expression of immunemolecules plays a vital role in the

pathogenesis of AA. Terefore, immunosuppressive drugs
have become the frst-line treatment for patients with AA
[3]. Cyclosporine (CsA) has been recommended as the
treatment of choice for immunosuppressants in patients
with AA [1].

Patients with haematological diseases are susceptible to
various infections because of their low cellular immunity,
especially during immunosuppressive therapy, which fur-
ther suppresses the immune system and makes them more
susceptible to invasive fungal infections (IFIs) [4]. IFIs have
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become an important cause of morbidity and mortality in
patients undergoing immunosuppressive therapy or hae-
matopoietic stem cell transplantation [5]. According to the
Diagnostic Criteria and Terapeutic Principles for Invasive
Fungal Disease in Patients with Haematological Diseases/
Malignancies (6th Revision),Candida andAspergillus are the
common causative agents of IFIs in patients with haema-
tological disorders [6], and triazole antifungals are com-
monly used for the prevention or treatment of invasive
fungal infections [5–8]. Terefore, triazole antifungals are
often co-administered with CsA in the treatment of patients
with AA.

However, triazole antifungals drugs and CsA carry the
risk of drug-drug interactions because of their efects on
cytochrome P450 (CYP) enzymes and transporter proteins.
CsA are substrates of CYP3A4 and p-glycoprotein (P-gp). It
interacts with various drugs, including antibiotics, anti-
fungals, and glucocorticoids [9]. Posaconazole (POS), fu-
conazole (FCZ), and voriconazole (VCZ) inhibit CYP3A4
enzyme activity to varying degrees. POS is both an inhibitor
of CYP3A4 and a substrate for P-gp, which afects the blood
concentration of CsA via two pathways. POS and VCZ are
potent inhibitors of CYP3A4 activity, whereas FCZ is
a moderate inhibitor of CYP3A4 [10–15]. It can reduce the
metabolism of CsA by inhibiting the activity of hepatic
enzymes, resulting in an increase in the blood concentration
of CsA, which is prone to cumulative poisoning.

Although the concomitant use of azoles and CsA can
result in interactions [16–18], most studies have focused on
the interaction between CsA and triazole antifungal drugs in
patients undergoing haematopoietic stem cell trans-
plantation (HSCT) [19–25]. Tere are limited studies on the
co-administration of CsA with triazole antifungal agents in
patients with AA. HSCT is one of the treatments for AA. AA
is a heterogeneous bone marrow failure syndrome and that
manifests mainly as red cell aplasia and reduced peripheral
pancytopenia numbers. However, 50% to 60% of CsA in
whole blood is distributed in red blood cells, and the
pathological state of patients with AA will afect the dis-
tribution of CsA in the blood, which may be diferent from
patients with HSCT. Tere are limited research studies on
interaction between CsA and azoles in patients with AA. In
this study, the efects of triazoles on CsA blood levels in
patients with AA were explored. We also compared the
efects of diferent triazole antifungal agents on CsA blood
concentration and dosage in patients with AA to provide
a basis for developing individualised regimens for admin-
istering CsA and triazole antifungal drugs.

2. Methods

2.1. Study Design and Subjects. Tis study was conducted at
the Second Hospital of the Shanxi Medical University be-
tween January 2018 and December 2022. Electronic medical
records were used to identify patients with AA, severe AA, or
very severe AA, and were investigated to identify patients
who were treated with CsA soft capsule or CsA injection, co-
administered with triazole antifungal agents (e.g., pos-
aconazole oral suspension, fuconazole capsules or

fuconazole tablets, voriconazole capsules or voriconazole
tablets) to prevent or treat fungal diseases. Each patient’s
blood concentration of CsA was measured at least once
when CsA was monotherapy and at least once when co-
administered with triazole antifungal drugs. Te exclusion
criteria were as follows: (i) use of other drugs that afect
CYP3A4 or P-gp during hospitalisation, such as macrolide
antibiotics, rifampin, carbamazepine, phenobarbital, phe-
nytoin sodium, and HIV protease inhibitors (e.g., ritonavir
and nelfnavir); (ii) age <18 years; (iii) detailed data not
available; (iv) immunosuppressive therapy with CsA
<3 days; and (v) liver or kidney dysfunction. Hepatic im-
pairment was defned as alanine aminotransferase (ALT),
aspartate aminotransferase (AST), or alkaline phosphatase
(ALP)≥ fve times the upper limit and total bilirubin
(TBIL)≥ two times the upper limit. Renal dysfunction was
defned as a serum creatinine level >2.0mg/dL or glomerular
fltration rate <30mL/min.

Tis study was approved by the Ethics Committee of the
Second Hospital of Shanxi Medical University. Te re-
quirement for informed consent was waived as only ret-
rospective data were collected.

2.2. Data Collection. Related clinical data of patients were
collected. General biological data of the patients included sex,
age, height, and weight. Te patients’ medication information
included the dosage of CsA, dosage form, time of triazole
antifungal drug co-administration, and other concomitant
medications. Te biochemical indicators included ALT, AST,
TBIL, total protein (TP), creatinine, urea, white blood cells,
red blood cells (RBC), haemoglobin (HGB), haematocrit
(HCT), and platelets (PLT). Steady-state trough concentra-
tions were collected for all patients treated with CsA alone and
co-administered with triazole antifungal drugs. Data collected
for CsA monotherapy included data before the co-
administration of a triazole antifungal agent or three days
after the discontinuation of the triazole antifungal agent.

2.3.TerapeuticDrugMonitoring. Whole-blood trough CsA
concentrations were measured by an enzyme multiplied
immunoassay technique (EMIT 2000 TDM; Syva Viva-E
drug concentration analyser). Te target blood concentra-
tion of CsA for AA in adults (C0 trough concentration) was
150–250 ng/mL [1].

2.4. Statistical Method. All continuous variables were de-
scribed as mean± SD or median (interquartile range) based
on whether they ftted the normal distribution. Normality
was tested using the Shapiro–Wilk test. Statistically signif-
icant diferences in the concentration/dose (C/D) ratio with
and without azole co-medication were assessed using
a paired t test if the data conformed to a normal distribution;
otherwise, the Wilcoxon rank test was applied. Qualitative
data are presented as rates and were compared by Fisher’s
exact test. All analyses were performed using the IBM SPSS
Statistics version 25 (IBM, New York, NY, USA). Statistical
signifcance was set at P< 0.05.
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3. Results

3.1. Patient Demographics. From January 2018 to December
2022, 5775 CsA concentration samples were monitored at
the Second Hospital of Shanxi Medical University. Based on
the inclusion and exclusion criteria, 27 hospitalisation re-
cords of 25 patients (74 samples of CsA data) were included
in this study, as shown in Figure 1. Of the 25 patients, two
patients had two hospitalisation records, including one
patient who was co-administered with POS and FCZ during
two hospitalizations, respectively. Te other patient was co-
administered with FCZ and VCZ, respectively. Te records
of 27 hospitalizations were stratifed into FCZ (n� 18), POS
(n� 7), and VCZ (n� 2) groups based on the diferent tri-
azole agents. In the FCZ group, there were 18 samples
analysed during CsA monotherapy, while 33 samples were
analysed during co-administration with FCZ. In the POS
group, 7 samples during CsA monotherapy and 11 samples
from co-administration with POS were analysed. In the VCZ
group, two samples were analysed during CsAmonotherapy,
and three samples were analysed after co-administration
with VCZ. Owing to the small amount of data in the VCZ
group, the analysis was restricted to descriptive methods,
and no statistical analyses were performed. Detailed in-
formation on the patients’ characteristics is presented in
Table 1. Tere were no signifcant diferences between the
FCZ and POS groups in terms of basic demographic data
and clinical examination fndings at the time of initial ad-
mission (P> 0.05).

3.2.Changes inCsAC/DRatiowithTriazoleAntifungalAgents
Co-Terapy. Te concentration/dose (C/D) ratio was eval-
uated in this study because the dose of CsA was changed in
some patients during the study period. To eliminate the
efect of the dose on the concentration, conduct a dose
correction for the CsA concentration. We compared the
change in the mean C/D ratio of CsA between CsA mon-
otherapy and co-administration with triazole antifungal
drugs (Figure 2, Table 2). In the FCZ group, the mean C/D
ratio of CsA montherapy was 0.54± 0.34 (ng/mL)/(mg/day).
After co-administration with FCZ, the mean C/D ratio of
CsA was 0.95± 0.48 (ng/mL)/(mg/day), signifcantly higher
than the ratio of CsAmontherapy (P < 0.05).Temean C/D
ratio of CsA with FCZ co-medication increased by 1.76
times. In the POS group, the mean C/D ratio of CsA in-
creased from CsA monotherapy 0.75± 0.25 (ng/mL)/(mg/
day) to 1.48± 0.73 (ng/mL)/(mg/day) when co-administered
with POS (P< 0.05). Te mean C/D ratio of CsA with POS
co-medication increased by 1.97 times. Te change in the
C/D ratio of CsA after co-administration with azoles in-
creased signifcantly as shown in Figure 2. Tere were sta-
tistically signifcant diferences in the CsA C/D ratio between
CsA monotherapy and co-administration with triazole an-
tifungal agents (P< 0.05).

Te individual diferences of the patients in the CsA C/D
ratio were analysed (Figure 3). Compared to the C/D ratio of
CsA monotherapy, 88.9% (16/18) of patients had an

increased C/D ratio with FCZ co-medication, and the me-
dian increase in CsA C/D ratio in the FCZ group was 0.42
(0.04–1.06) (ng/mL)/(mg/day). In addition, 85.7% (6/7) of
the patients had an increased C/D ratio with POS co-
medication, and the median increased C/D ratio of CsA
with POS co-medication was 0.63 (0.076–1.84) (ng/mL)/
(mg/day) in the POS group. Tere was a signifcant dif-
ference in the CsA C/D ratio when co-administered with
FCZ or POS (P< 0.05).

3.3. Changes in CsA C/D Ratio Over Time after Triazole
Antifungal Agents Co-Terapy. Tese changes were further
investigated to determine the infuence of the triazole an-
tifungal agent co-administration time on C/D ratio. Based
on the co-administration with triazole time, the two groups
of patients were also divided into two subgroups: co-
medication (1–7 d) and co-medication (8–21 d), re-
spectively (Table 2). During the co-administration with FCZ
(1–7 d) and (8–21 d), the mean C/D ratios of CsA were
0.77± 0.37 (ng/mL)/(mg/d) and 0.95± 0.54 (ng/mL)/(mg/
d), respectively. Te mean C/D ratio with FCZ co-
medication (1–7 d) was approximately 1.43 times greater
than CsA alone, and the mean C/D ratio with FCZ co-
medication (8–21 d) was approximately 1.76 times greater
than CsA alone. Te mean C/D ratios for co-administration
with POS (1–7 d) and (8–21 d) were 1.30± 0.58 (ng/mL)/
(mg/d) and 1.87± 1.15 (ng/mL)/(mg/d), respectively. Te
C/D ratio with POS co-medication (1–7 d) was approxi-
mately 1.73 times greater than CsA alone.TeC/D ratio with
co-medication (8–21 d) was approximately 2.49 times
greater than CsA alone. Tese results indicated that the CsA
C/D ratio was signifcantly associated with the co-
administration time in the FCZ and POS groups. Te
C/D ratio of CsA was plotted against the number of days
after co-administration with FCZ or POS. Te level of CsA
increased with the time of co-administration of azoles in the
groups.Tis was a signifcant diference in the CsA C/D ratio
over time when co-administered with FCZ or POS
(P< 0.05).

3.4. Changes in CsA Dose with Triazole Antifungal Agents Co-
Administration. Temean daily dose of CsA decreased after
triazole antifungal agent co-administration (Table 3). In the
FCZ group, the dose of CsA was decreased from 3.50± 1.21
(mg/kg/d) to 3.39± 0.94 (mg/kg/day), and the mean daily
dose of CsA was decreased by 0.20 (−0.45–0.53) (mg/kg/d)
during FCZ co-administration (1–7 d). In addition, the mean
daily dose of CsA decreased by 0.40 (−0.81–0.94) (mg/kg/d)
during FCZ co-administration (8–21 d). In the POS group,
the CsA dose decreased from 3.38± 0.96 (mg/kg/d) to
2.99± 0.49 (mg/kg/d) during co-administration with POS.
Te mean daily dose of CsA decreased by 0.31 (−0.20–0.83)
(mg/kg/d) during POS co-administration (1–7 d). Further-
more, the mean daily dose of CsA decreased by 0.61
(−1.5–3.74) (mg/kg/d) during POS co-administration
(8–21 d).
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3.5. Efects of Co-Administration with Triazole Antifungal
Agents on Laboratory Data of Patients. Laboratory data of
AA patients administered with CsA alone and when co-
administered with azole antifungal agents are shown in
Table 4. No abnormalities in the biochemical indices were
observed. Tere was no signifcant diference in the labo-
ratory data of patients during CsA montherapy or the co-
administered with triazole antifungal agents (P> 0.05).

4. Discussion

It is worth investigating whether there are diferences in the
degree of interaction between triazole antifungal drugs and
CsA in diferent patient populations. Tis is because it
impacts whether it is necessary to preemptively reduce the
dosage of CsA according to the instructions when co-
administered with triazole antifungal drugs in patients
with diferent diseases. Hamidreza et al. [26] found that the
mean C/D ratio of CsA increased 8.40%–174.10% when co-

administered with VCZ in patients received HSCT. POSA
increased the mean C/D ratio of CsA to a similar extent in
patients with aplastic anaemia in current study (7.60%–
184.00%). Studies from Xue et al. [27] and Zhu et al. [28]
indicated that the CsA C/D ratio was found to be ap-
proximately 1.5-fold higher after POS initiation in patients
underwent HSCT. Here, we showed that the CsA C/D ratio
increased 1.97 times when co-administered with POSA in
aplastic anaemia patients. It is not clear yet if there were
diferences in the degree of such interactions in these two
patient populations. More studies are needed to
confrm this.

Furthermore, we compared the efects of diferent tri-
azole antifungal agents on CsA blood concentration and
dosage in patients with AA. We observed that POS had
a greater efect on the blood concentration of CsA than FCZ.
Tese fndings may be related to and the intensity of azole
drugs’ inhibition of hepatic drug enzymes. POS is a strong
CYP3A4 inhibitor. VCZ is metabolised by CYP3A4 and is

5775 samples of CsA blood concentration data between
January 2018 - December 2022

639 samples diagnosed with aplastic anemia and receiving
CsA for immunosuppressive therapy

74 samples enrolled

27 hospital records (74 samples CsA concentration monitoring
data) from 25 patients were eligible

FCZ group
(n =18)

POS group
(n =7)

VCZ group
(n =2)

565 samples were excluded.
No co-administration of triazole antifungals for
prophylaxis or treatment (e.g., POS, FCZ, and VCZ)
was used during immunosuppressive therapy.
Use of other drugs that afect CYP3A4 enzyme
activity or P-gp efux transporters, such as macrolide
antibiotics, rifampin, carbamazepine phenobarbital,
phenytoin sodium, and HIV protease inhibitors (e.g.,
ritonavir).
Two or more blood concentrations were monitored at
the same time during CsA treatment without azole
co-administration
Patient used two triazole antifungal drugs during a
single hospital records
Abnormal liver or kidney function
Immunosuppressive therapy with cyclosporine < 3 days

•

•

•

•

•
•

5136 samples excluded:
Diagnosis of diseases other than aplastic anemia:
such as malignant blood diseases, organ transplant
patients, nephrotic syndrome, psoriasis, etc.
Age <18 years
Detailed data not available

•

•
•

Figure 1: Patient selection fowchart. CsA, ciclosporin; POS, posaconazole; FCZ, fuconazole; VCZ, voriconazole; P-gp, P-glycoprotein.
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Table 1: Patients’ demographic data and clinical characteristics.

Item FCZ group (n� 18) POS group (n� 7) P value
Sex (male/female) 11/7 1/6
Age (years)a 37.33± 11.93 38.78± 10.43 0.867
Height (cm)a 166.06± 9.69 164± 5.15 0.306
Weight (kg)a 63.19± 12.21 60.19± 10.88 0.443
Basic disease n (%)
Hypertension 1 (5.56) 2 (28.57) 0.180
Diabetes 0 1 (14.29) 0.280

RBC (1012/L) 1.92 (1.72–3.07) 1.81 (1.63–2.93) 0.453
HGB (g/L) 59.50 (55–97.75) 68.5 (53.25–90.25) 0.998
HCT (%) 0.17 (0.15–0.27) 0.19 (0.15–0.26) 0.760
PLT (109/L) 6 (3.75–20.25) 12 (5.5–22.25) 0.387
WBC (109/L) 1.3 (0.80–2.87) 1.56 (0.51–2.40) 0.677
ALT (IU/L) 15.45 (11.75–19.18) 22.5 (11.63–170.03) 0.278
AST (IU/L) 13.35 (11.23–19) 16.35 (14.3–62.80) 0.133
TBIL (μmol/L) 16.4 (10.78–28.03) 18 (11.88–30.43) 0.718
TP (g/L) 63.1 (60.4–67.20) 60.75 (55.4–64.28) 0.130
ALB (g/L) 36.6 (35.45–37.7) 35.65 (30.9–37.08) 0.210
Urea (mmol/L) 5.80 (5.10–6.95) 5.15 (3.9–7.2) 0.382
Creatinine (μmol/L) 60 (48.93–67) 59.5 (47.5−2.75) 0.520
aData are mean± SD. RBC, red blood cells; HGB, haemoglobin; HCT, haematocrit; PLT, blood platelets; WBC, white blood cell; ALT, alanine amino-
transferase; AST, aspartate aminotransferase; TBIL, total bilirubin; TP, total protein; ALB albumin.
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Figure 2: Efect of co-administered use of FCZ (a) or POS (b) on the C/D ratio of CsA, and in the FCZ group (c) and in the POS group
(d) combined administration time on C/D of CsA in patients with aplastic anaemia. ∗P< 0.05, ∗∗P< 0.01, ∗∗∗P< 0.001.

Journal of Clinical Pharmacy andTerapeutics 5



a moderate CYP3A4 inhibitor. Because the inhibition of
CYP3A4 by POS is stronger than that by FCZ, Te co-
administration with POS in patients with AA may have
a greater efect on the CsA than co-administration with FCZ.

Wide interindividual variability in the magnitude of the
drug interactions between triazole antifungal drugs and CsA
was observed in our study. As shown in Figure 3, compared
with the C/D ratio of CsA alone, 85.7% of patients had an
increased C/D ratio with POS co-medication, the median
increase C/D ratio of CsA during co-administration with

POS was 0.63 (range, 0.076–1.84 (ng/mL)/(mg/kg),
P< 0.05). Further, 88.9% of patients had an increased in C/D
ratio with FCZ co-medication, the median increase C/D
ratio of CsA was 0.42 (range, 0.04–1.06 (ng/mL)/(mg/kg),
P< 0.001). Similar to the results reported by previous studies
[29–31]. However, the mechanisms underlying the indi-
vidual variability in the magnitude of the drug interaction
between azoles and CsA have yet to be elucidated. In
considering the possible mechanisms, we analysed the fol-
lowing: (i) the pharmacokinetic variability of triazole

Table 2: Efect of POS or FCZ on C/D ratio of CsA in aplastic anaemia patients.

Time
FCZ group POS group

C (ng/mL) C/D
P C (ng/mL) C/D

P(ng/mL)/(mg/d) (ng/mL)/(mg/d)
Without azole co-medication 105.91± 56.91 0.54± 0.34 152.77± 55.67 0.75± 0.25
With azole co-medication 186.35± 66.66 0.95± 0.48 <0.001a 274.18± 163.96 1.48± 0.73 0.038a

With azole co-medication (1∼7 d) 159.10± 88.84 0.77± 0.37 0.007b 252.1± 160.22 1.30± 0.58 0.037b

With azole co-medication (8∼21 d) 189.12± 68.60 0.95± 0.54 0.005c 293.47± 147.78 1.87± 1.15 0.006c
aP values for comparisons between with azole co-medication (total) and without azole co-medication. bP values for comparisons between with azole
co-medication (1–7 d) and without azole co-medication. cP values for comparisons between with azole co-medication (8–21 d) and without azole
co-medication.
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Figure 3: Individual values of the CsA C/D ratio with or without the co-medication of triazole antifungal agents. ∗P< 0.05, ∗∗∗P< 0.001.

Table 3: Efect of co-administration with triazole antifungal agent drugs on the dose of CsA.

Time
FCZ group POS group

D (mg/kg/d) ΔD (mg/kg/d) D (mg/kg/d) ΔD (mg/kg/d)
Without azole co-medication 3.50± 1.21 3.38± 0.96
With azole co-medication (total) 3.39± 0.94 0.09± 1.13 2.99± 0.49 0.40± 0.70
With azole co-medication (1–7 d) 3.19± 0.66 0.04± 0.53 3.07± 0.54 0.32± 0.56
With azole co-medication (8–21 d) 3.45± 1.13 0.06± 1.39 2.87± 0.54 1.10± 1.06
ΔD�DCsA monotherapy −Dtime of co-administration of triazole antifungal agents.
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antifungal agents in the human body is large, and is afected
by many factors, such as diet, drug interaction, and the
physiological and pathological state of patients and (ii)
CYP3A4 gene polymorphism and CYP3A4 enzyme activity.
Te wide interindividual variability in drug interactions
observed in our study highlights the importance of indi-
vidualised therapy in clinical practice. Tis interindividual
variability strongly suggests that the uniform dose reduction
of CsA upon initiating azoles is inappropriate.Terefore, it is
suggested that the concentration of CsA should be regularly
monitored during the co-administration of the two drugs,
and the dose of CsA should be adjusted according to the
patient’s condition. However, it is yet to be clarifed how
long it takes for the interaction between CsA and azoles to
reach a steady state after co-administration. Our study
further investigated the trend of CsA levels over time after
triazole antifungal drugs initiation. We divided the patients
into two subgroups based on the co-administration time
during 1–7 d and 8–21 d. Our research showed that in both
the POS and FCZ groups, the CsA C/D ratio was higher
during co-administration (8–21 d) than that during co-
administration (1–7 d). Tis may be due to the half-life of
these drugs. Previous research has shown that the infuence
of POS on CsA levels is associated with the steady state of
POS, which is considered to be 8 days according to the half-
life of POS. POS reaches the steady-state blood concen-
tration in 7–10 d [32]. Sánchez-Ortega et al. [20] results are
consistent; the results showed that the allogeneic haema-
topoietic stem cell transplantation co-administered with
POS had an interaction with CsA after 7 days CsA signif-
cantly increased blood concentrations. Te FCZ prescribing
information also indicated that FCZ reached a stable state
after 7 days. Hence, we recommend frequent monitoring of
CsA concentrations when combined with triazole antifun-
gals. It is particularly crucial to do this after 8 days, pre-
venting excessive concentration from causing adverse
reactions.

In keeping with this efect on blood CsA levels and the
basis of clinical criteria, the daily dose of CsA was adjusted
during co-administration with triazole antifungal drugs.
Some studies have recommended an initial empirical

reduction in the CsA dose to maintain CsA concentrations
within the target range. Te POS prescribing information
suggests that CsA should be reduced by 29% at the initiation
of combined treatment with POS, but these results were
from a study of only four cardiac transplant recipients, and
whether this is appropriate for AA remains to be in-
vestigated. Robinson et al. [24] conducted a retrospective
audit of 29 patients who underwent their frst allograft, and
a prospective review of the subsequent cohort of patients
who underwent allogeneic HSCT commenced at a lower
dose. Tey recommended an initial empirical CsA dose
reduction of 30%–40%. Another study on drug interactions
with azole antifungal agents concluded that, when starting
azole therapy, a pre-emptive dosage reduction of immu-
nosuppressive agents (cyclosporine, tacrolimus, or siroli-
mus) should be strongly considered [17]. Tis fnding is
consistent with the results of many studies [33–37]. How-
ever, some studies do not recommend prereduction of the
CsA dose prior to co-administration. Sanchez-Ortega et al.
[20] suggested that reducing the CsA dose may lead to
a subtherapeutic CsA concentration, thus afecting the
therapeutic efect. Hadjibabaie et al. [26] suggested avoiding
uniform reduction in all patients before voriconazole ad-
ministration, and recommend frequent CsA blood con-
centrationmonitoring, once voriconazole antifungal therapy
is initiated. In addition, a study also indicated that the dose
adjustment of CsA inhibitors for initiating azoles should not
be decided uniformly but should be determined individually
by closely monitoring their blood concentrations [31]. Our
data show that, when co-administered with POS or FCZ, the
reduction of the dose of co-administered CsA (8–21 d) was
higher than that of co-administered CsA (1–7 d). Moreover,
the dose reduction was greater with POS (8–21 d) than with
FCZ (8–21 d). None of the patients in our study received
a prereduced CsA dose when co-administered with triazole
antifungal agents. Te CsA dose for most patients was ad-
justed according to the monitored results, which were within
the therapeutic window (150–250) ng/mL. It seems cautious
not to automatically reduce the dose in advance [38–41].
Terefore, it is preferable to adjust the CsA dose through
therapeutic drug monitoring. We recommend that the dose

Table 4: Laboratory safety data in aplastic anaemia patients without triazole antifungal agent co-medication and after triazole antifungal
agent co-medication.

CsA monotherapy With azole co-medication P

Patients with POS
ALT (IU/L) 106.67± 90.48 92.39± 96.74 0.780
AST (IU/L) 58.04± 35.19 59.55± 55.74 0.953
TBIL (μmol/L) 19.01± 10.96 25.63± 16.93 0.413
Creatinine (μmol/L) 70.57± 39.80 69.59± 31.29 0.960
Urea (mmol/L) 7.64± 3.99 7.53± 3.85 0.957
Patients with FCZ
ALT (IU/L) 18.74± 10.26 17.06± 9.78 0.616
AST (IU/L) 14.88± 5.93 13.74± 4.69 0.527
TBIL (μmol/L) 24.05± 17.81 27.60± 17.60 0.552
Creatinine (μmol/L) 62.59± 22.50 68.75± 30.99 0.516
Urea (mmol/L) 6.31± 2.82 6.91± 2.33 0.525
P is the comparison of biochemical indexes of patients before and after co-administered with triazole antifungal agents.
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of CsA be further adjusted according to the monitored
results when co-administered with triazole antifungal
agents. To adjust the dose of CsA in clinical practice, the
blood concentration of CsA and the type of co-administered
azoles should be considered.

In our study, no serious adverse reactions were found in
AA patients. On the one hand, it is possible that CsA
concentrations were regularly monitored and the dose was
adjusted accordingly; on the other hand, although CsA
concentrations increased, they did not exceed the reference
range. As well as in a few patients, the concentrations
exceeded the reference range, but the dose was not signif-
icantly reduced. Tis demonstrated that there is obvious
individual variability in the use of CsA in combination with
azoles again. Although there were no adverse efects to
patients in this study, it is important to be alert to the adverse
efects, such as nephrotoxicity, caused by the high con-
centration of CsA.

Tere are several potential limitations in our study.
Statistical analysis could not be carried out because of the
small sample size of the combined voriconazole group. In
addition, we considered that the magnitude of drug in-
teraction was correlated with plasma concentration of
azoles. Due to the retrospective study, concentration of
triazole antifungal drugs was not measured. Te infuence of
the concentration of azole drugs on the concentration of
CsA needs further study.

5. Conclusions

Tere was signifcant interpatient variability in the magnitude
of CsA blood concentration increments after azole co-
administration. Terefore, we recommend CsA level moni-
toring as soon as possible after start of co-administration and
dose adjustment on an individual basis. POS had a greater
efect on the whole blood concentration of CsA than FCZ in
AA patients. When adjusting the dose of CsA in clinical
practice, the plasma concentration of CsA and type of co-
administered triazole antifungal agents should be considered.

Data Availability

Te data that support the fndings of this study are available
from the corresponding author upon reasonable request.

Ethical Approval

Tis study was approved by the Ethics Committee of the
Second Hospital of Shanxi Medical University (Reference
Number: 2022YX-173).

Consent

Te need for informed consent was waived due to the
retrospective design of this study.

Conflicts of Interest

Te authors declare that there are no conficts of interest
regarding the publication of this paper.

Authors’ Contributions

Te research proposal was written and designed by Yangxiu
Tian and Yan Song. Te research was performed by Yangxiu
Tian, Yan Song, and Qiang Zhao. Te data were analysed by
Yangxiu Tian, Yan Song, and Li Song. Te content of the
article was guided by Yanan Qiao, Donghong Yin, and
Shuyun Wang. All authors read and approved the fnal
manuscript. Yangxiu Tian and Yan Song contributed equally
to this work.

Acknowledgments

Te authors wish to thank all patients for their participation
and authors for their contribution.

References

[1] Red Blood Cell Disease Anemia Group and Chinese Society of
Hematology, “Guidelines for the diagnosis and management
of aplastic anemia in China (2022),” Zhonghua Xue Ye Xue Za
Zhi, vol. 43, no. 11, pp. 881–888, 2022.

[2] D. D. Wang, S. M. He, Y. Yang et al., “Efects of cimetidine on
ciclosporin population pharmacokinetics and initial dose
optimization in aplastic anemia patients,” European Journal of
Pharmaceutical Sciences, vol. 174, Article ID 106183, 2022.

[3] S. F. Lou and T. Deng, “Research progress of immunosup-
pressants in the treatment of aplastic anemia,” Modern
Medicine and Hygiene, vol. 32, no. 11, pp. 1688–1690, 2016.

[4] A. H. Groll, R. Townsend, A. Desai et al., “Drug-drug in-
teractions between triazole antifungal agents used to treat
invasive aspergillosis and immunosuppressants metabolized
by cytochrome P450 3A4,” Transplant Infectious Disease: An
Ofcial Journal of the Transplantation Society, vol. 19, no. 5,
2017.

[5] J. Wang, M. Zhou, J. Y. Xu, R. F. Zhou, B. Chen, and Y. Wan,
“Comparison of antifungal prophylaxis drugs in patients with
hematological disease or undergoing hematopoietic stem cell
transplantation: a systematic review and network meta-
analysis,” Japan Automobile Manufacturers Association Net-
work Open, vol. 3, no. 10, Article ID 2017652, 2020.

[6] Chinese Association Hematologists, “Chinese invasive fungal
infection working group,” Zhonghua Nei Ke Za Zhi, vol. 59,
no. 10, pp. 754–763, 2020.

[7] S. K. Agarwal, C. D. DiNardo, J. Potluri et al., “Management of
venetoclax-posaconazole interaction in acute myeloid leu-
kemia patients: evaluation of dose adjustments,” Clinical
Terapeutics, vol. 39, no. 2, pp. 359–367, 2017.

[8] J. Tan, H. Zhang, Y. Sun, and L. Gao, “Afu-Emi1 contributes
to stress adaptation and voriconazole susceptibility in As-
pergillus fumigatus,” Microbiology Spectrum, vol. 11, no. 3,
Article ID 95623, 2023.

[9] A. Tafazoli, “Cyclosporine use in hematopoietic stem cell
transplantation: pharmacokinetic approach,” Immunother-
apy, vol. 7, no. 7, pp. 811–836, 2015.

[10] S. W. Pu and Y. Tao, “Metabolism and drug interaction of
Tacrolimus, cyclosporine and triazole antifungals,” Journal of
Nephrology and Dialysis Kidney Transplantation, vol. 28,
no. 01, pp. 63–67, 2019.

[11] B. Gerner, F. Aghai-Trommeschlaeger, S. Kraus et al., “A
physiologically-based pharmacokinetic model of ruxolitinib
and posaconazole to predict CYP3A4-mediated drug-drug

8 Journal of Clinical Pharmacy andTerapeutics



interaction frequently observed in graft versus host disease
patients,” Pharmaceutics, vol. 14, no. 12, p. 2556, 2022.

[12] T. M. Gu, J. S. Lewis, H. Le, and J. S. Bubalo, “Comparative
efects of fuconazole, posaconazole, and isavuconazole upon
tacrolimus and cyclosporine serum concentrations,” Journal
of Oncology Pharmacy Practice, vol. 28, no. 6, pp. 1357–1362,
2022.

[13] A. Brings, M. L. Lehmann, K. I. Foerster et al., “Perpetrator
efects of ciclosporin (P-glycoprotein inhibitor) and its
combination with fuconazole (CYP3A inhibitor) on the
pharmacokinetics of rivaroxaban in healthy volunteers,”
British Journal of Clinical Pharmacology, vol. 85, no. 7,
pp. 1528–1537, 2019.

[14] B. S. Rohr, K. I. Foerster, A. Blank et al., “Perpetrator
characteristics of azole antifungal drugs on three oral factor xa
inhibitors administered as a microdosed cocktail,” Clinical
Pharmacokinetics, vol. 61, no. 1, pp. 97–109, 2022.

[15] A. H. Saad, D. D. DePestel, and P. L. Carver, “Factors
infuencing the magnitude and clinical signifcance of drug
interactions between azole antifungals and select immuno-
suppressants,” Pharmacotherapy: Te Journal of Human
Pharmacology and Drug Terapy, vol. 26, no. 12, pp. 1730–
1744, 2006.

[16] B. Glotzbecker, C. Duncan, E. Alyea, B. Campbell, and
R. Soifer, “Important drug interactions in hematopoietic
stem cell transplantation: what every physician should know,”
Biology of Blood and Marrow Transplantation, vol. 18, no. 7,
pp. 989–1006, 2012.

[17] E. Dodds-Ashley, “Management of drug and food interactions
with azole antifungal agents in transplant recipients,” Phar-
macotherapy: Te Journal of Human Pharmacology and Drug
Terapy, vol. 30, no. 8, pp. 842–854, 2010.

[18] J. R. Azanza, J. Mensa, J. Barberán et al., “Recommendations
on the use of azole antifungals in hematology-oncology pa-
tients,” Revista Española de Quimioterapia, vol. 36, no. 3,
pp. 236–258, 2023.

[19] M. Nara, N. Takahashi, M. Miura et al., “Efect of itraconazole
on the concentrations of tacrolimus and cyclosporine in the
blood of patients receiving allogeneic hematopoietic stem cell
transplants,” European Journal of Clinical Pharmacology,
vol. 69, no. 6, pp. 1321–1329, 2013.

[20] I. Sánchez-Ortega, L. Vázquez, C. Montes et al., “Efect of
posaconazole on cyclosporine blood levels and dose adjust-
ment in allogeneic blood and marrow transplant recipients,”
Antimicrobial Agents and Chemotherapy, vol. 56, no. 12,
pp. 6422–6424, 2012.

[21] F. Y. Zhang, R. X. Zhang, H. E. Gao, J. Zhao, and Y. Zhang,
“Efect of posaconazole on serum cyclosporine concentration
in allogeneic hematopoietic stem cell transplantation re-
cipients,” Chinese Journal of Hospital Pharmacy, vol. 42,
no. 17, pp. 718–721, 2022.

[22] R. Iftikhar, Q. U. N. Chaudhry, F. Anwer et al., “Allogeneic
hematopoietic stem cell transplantation in aplastic anemia:
current indications and transplant strategies,” Blood Reviews,
vol. 47, Article ID 100772, 2021.

[23] W. Li, F. Xia, H. Zhou et al., “Efcacy of posaconazole
prophylaxis for fungal disease in hematology patients treated
with chemotherapy and transplantation: an open-label,
prospective, observational study,” Frontiers in Microbiology,
vol. 11, p. 349, 2020.

[24] D. H. Robinson, C. F. M. Hughes, and A. Grigg, “Optimal oral
cyclosporin dosing with concomitant posaconazole post al-
logeneic stem cell transplantation,” Leukemia and Lymphoma,
vol. 61, no. 10, pp. 2448–2452, 2020.

[25] T. Kikuchi, T. Mori, A. Yamane, J. Kato, S. Kohashi, and
S. Okamoto, “Variable magnitude of drug interaction between
oral voriconazole and cyclosporine A in recipients of allo-
geneic hematopoietic stem cell transplantation,” Clinical
Transplantation, vol. 26, no. 5, pp. E544–E548, 2012.

[26] M. Hadjibabaie, H. Masoumi, M. Vaezi, and
A. Ghavamzadeh, “Evaluation of the interaction of in-
travenous and oral voriconazole with oral cyclosporine in
Iranian HSCT patients,” Journal of Research in Pharmacy
Practice, vol. 6, no. 2, pp. 77–82, 2017.

[27] L. Xue, W. J. Zhang, and J. X. N. H. W. L. J. Y. Tian,
“Multicenter-based population pharmacokinetic analysis of
ciclosporin in hematopoietic stem cell transplantation pa-
tients,” Pharmaceutical Research, vol. 37, no. 1, p. 15, 2019.

[28] L. E. Zhu, H. P. Huang, Y. P. Cai et al., “Efect of posaconazole
on the concentration of intravenous and oral cyclosporine in
patients undergoing hematopoietic stem cell transplantation,”
European Journal of Clinical Pharmacology, vol. 78, no. 10,
pp. 1677–1685, 2022.

[29] R. M. Rivosecchi, C. J. Clancy, R. K. Shields et al., “Efects of
isavuconazole on the plasma concentrations of tacrolimus
among solid-organ transplant patients,” Antimicrobial Agents
and Chemotherapy, vol. 61, no. 9, pp. 009700–e001017, 2017.

[30] Y. Ishiwata, M. Nagata, T. Arai et al., “Efects of miconazole
oral gel on blood concentrations of tacrolimus and cyclo-
sporine: a retrospective observational study,” Terapeutic
Drug Monitoring, vol. 38, no. 6, pp. 717–721, 2016.

[31] V. J. Lempers, L. C. Martial, M. F. Schreuder et al., “Drug-
interactions of azole antifungals with selected immunosup-
pressants in transplant patients: strategies for optimal man-
agement in clinical practice,” Current Opinion in
Pharmacology, vol. 24, pp. 38–44, 2015.

[32] H. J. Suh, I. Kim, J. Y. Cho et al., “Early therapeutic drug
monitoring of posaconazole oral suspension in patients with
hematologic malignancies,” Terapeutic Drug Monitoring,
vol. 40, no. 1, pp. 115–119, 2018.

[33] Y. Matsuda, S. Nakagawa, I. Yano et al., “Efect of itraconazole
and its metabolite hydroxyitraconazole on the blood con-
centrations of cyclosporine and tacrolimus in lung transplant
recipients,” Biological and Pharmaceutical Bulletin, vol. 45,
no. 4, pp. 397–402, 2022.

[34] C. Fu, J. Chen, Y. Xu, and D. Wu, “Dose adjustment of
immunosuppressants during co-administration of pos-
aconazole: a systematic review,” Médecine Clinique et
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