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concentration decreases after the switch, the development of 
GVHD should be monitored and tacrolimus dosage should 
be readjusted to maintain an appropriate blood concentration.
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Introduction

Tacrolimus is a widely used immunosuppressant for the 
prophylaxis of graft-versus-host-disease (GVHD) after allo-
geneic hematopoietic stem cell transplantation (HSCT) [1–6]. 
GVHD is the major cause of mortality for patients receiving 
HSCT [7]; therefore, prevention of severe GVHD is impor-
tant for successful treatment. Tacrolimus is typically started 
intravenously a day before HSCT, and is converted to an oral 
formulation when patients can tolerate oral administration.

Because of its narrow therapeutic range and large inter- 
and intra-individual variability in pharmacokinetics [8–10], 
therapeutic drug monitoring of tacrolimus is considered 
essential in the management of patients. Despite the large 
variation in tacrolimus pharmacokinetics, the area under the 
concentration (AUC) time curve versus the trough blood 
concentration has a nearly linear relationship in HSCT 
patients [11]. Based on these results, the trough monitoring 
of tacrolimus blood concentration is strongly recommended 
in patients receiving HSCT. Previous reports suggest that 
10–20 ng/ml may be the optimal trough level of tacrolimus 
in HSCT patients [12, 13]; lower blood concentrations tend 
to lead to GVHD, and the risk of kidney injury increases 
when the blood concentration exceeds 20 ng/mL.

Although the pharmacokinetics of tacrolimus differs 
between intravenous and oral administration [9, 11], the vari-
able factors affecting tacrolimus blood concentration during 

Abstract  The aim of this retrospective study was to iden-
tify variable factors affecting tacrolimus blood concentra-
tion during the switch from continuous intravenous infusion 
to twice-daily oral administration in allogeneic hematopoi-
etic stem cell transplant recipients (n = 73). The blood con-
centration/dose ratio of tacrolimus immediately before the 
change from continuous infusion (C/Div) was compared 
with that between 3 and 5  days after the change to oral 
administration (C/Dpo). Median (C/Dpo)/(C/Div) was 0.21 
(range 0.04–0.58). Multiple regression analysis showed 
that concomitant use of oral itraconazole or voriconazole 
significantly increased the (C/Dpo)/(C/Div) of tacrolimus 
(p  =  0.002), probably owing to the inhibition of entero-
hepatic cytochrome P450 3A4. In addition, 5 of 18 (28%) 
patients who had the lowest quartile (C/Dpo)/(C/Div) values 
developed acute graft-versus-host-disease (GVHD), which 
was significantly higher than in others [5 of 55 (9%) patients, 
p =  0.045]. Although the switch from intravenous to oral 
administration at a ratio of 1:5 appeared to be appropri-
ate, a lower conversion ratio was suitable in patients taking 
oral itraconazole or voriconazole. In patients whose blood 
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route of administration switch have not been fully evaluated. 
Therefore, it is difficult to determine the dosage adjustment 
of tacrolimus, especially when switching from continuous 
intravenous infusion to oral administration in HSCT. In this 
study, we aimed to identify the variable factors during this 
switch. In addition, we considered the conversion rate from 
intravenous to oral administration, and identified associa-
tions between the variation of tacrolimus concentration and 
the occurrence of acute GVHD and kidney injury.

Materials and methods

Patient selection

This study was conducted in accordance with the Dec-
laration of Helsinki and its amendments, and the Ethical 
Guidelines for Epidemiological Research by the Ministry 
of Education, Culture, Sports, Science, and Technology, 
and the Ministry of Health, Labor, and Welfare of Japan. 
The protocol was approved by the Ethics Committee of 
Kyushu University Graduate School and Faculty of Medi-
cine (Approval No. 26-26). Eligible subjects were inpa-
tients 20 years or older, diagnosed with hematologic malig-
nancies, and received conditioning regimens followed by 
HSCT, with GVHD prophylaxis of switching tacrolimus 
from continuous intravenous infusion to oral administra-
tion, at the Department of Hematology, Kyushu University 
Hospital, between December 2010 and December 2013.

Treatment and study schedule

The initial dose of tacrolimus continuous intravenous 
infusion was 0.03  mg/kg/day. The dose of tacrolimus 
was adjusted to maintain the blood concentration level 
between 10 and 15  ng/mL. When patients could tolerate 
oral administration, the route of administration of tacroli-
mus was switched from continuous intravenous infusion 
(Prograf® injection) to twice-daily oral capsules (Prograf® 
capsule). Intravenous infusion was stopped just before the 
first oral administration of medication. After the switch to 
oral administration, the tacrolimus blood concentration was 
measured approximately three times a week, using chemi-
luminescent immunoassay (CLIA; ARCHITECT® system 
by Abbott, Tokyo, Japan). The dose of tacrolimus was mod-
ified at the discretion of each physician.

Data collection and assessment

All data were retrospectively collected from the electronic 
medical record system. In this study, the blood concentra-
tion/dose [(ng/mL)/mg/day, (C/D)] ratio of tacrolimus just 
before the change from continuous intravenous infusion (C/

Div) was compared with that from between 3 and 5 days 
after the change to oral administration (C/Dpo), when the 
increase in the tacrolimus blood level was stabilized [14].

The primary endpoint was to identify the variable factors 
associated with the variation of (C/Dpo) divided by (C/Div) 
[(C/Dpo)/(C/Div)]. The secondary endpoints were to consider 
the appropriateness of the conversion rate from intravenous to 
oral administration of tacrolimus and to identify the associa-
tions between the (C/Dpo)/(C/Div) values and the occurrence 
of acute GVHD and kidney injury during the two weeks after 
the switch of administration route. Acute GVHD was graded 
as described earlier [15]. Laboratory variables including serum 
creatinine, aspartate aminotransferase (AST), alanine ami-
notransferase (ALT), total bilirubin, serum albumin, and hem-
atocrit were evaluated on days 0, 7, and 14. Concomitant med-
ications and laboratory variables that could potentially affect 
tacrolimus concentration were recorded. With regard to drug 
interactions between tacrolimus (C/Dpo)/(C/Div) and con-
comitant use of azole antifungal agents, we divided antifun-
gal agents into the following three groups: without azole anti-
fungal agent (control), fluconazole (FLCZ), and itraconazole 
(ITCZ) or voriconazole (VRCZ), according to their ability to 
inhibit the cytochrome P450 (CYP) 3A4 enzyme system.

Statistical analyses

To identify variable factors associated with the variation of 
(C/Dpo)/(C/Div), patient characteristics, concomitant medi-
cations, and clinical laboratory data were analyzed using 
Chi-square analysis or Fisher’s exact test for categorical vari-
ables and the Mann–Whitney U test for continuous variables. 
Values with borderline significance (p < 0.10) were subjected 
to multiple regression analysis with backward selection. The 
comparison of tacrolimus (C/Dpo)/(C/Div) in response to 
each antifungal agent was evaluated with the Kruskal–Wallis 
test, followed by Dunn’s multiple comparison test. The cor-
relation between (C/Dpo) and (C/Div) with each antifungal 
agent was measured using Pearson’s correlation coefficient 
test. Chi-square analysis or Fisher’s exact test was used to 
compare the occurrence of acute GVHD. The Mann–Whit-
ney U test was used to compare the serum creatinine.

Data were analyzed using JMP 11.0.2 (SAS Institute 
Inc., Cary, NC, USA) and GraphPad PRISM, version 6 
(GraphPad Software, San Diego, CA, USA). p values of 
<0.05 were considered statistically significant.

Results

Patient characteristics

Seventy-three HSCT patients receiving oral administration 
of tacrolimus between December 2010 and December 2013 
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were enrolled. Patient characteristics are shown in Table 1. 
Tacrolimus was switched to an oral dose at a median of 
3.0 times (range 1.7–4.0) higher than the intravenous dose, 
which was administered in two divided doses at a median 
of 45 days (range 21–162).

Tacrolimus blood concentration and C/D ratio 
during the switch from continuous intravenous infusion 
to twice‑daily oral administration

Median tacrolimus concentration just before the change from 
continuous intravenous infusion was 12.4 ng/mL (range 4.7–
18.1), and that after the switch to oral administration was 
8.0 ng/mL (range 1.8–18.1) (Fig. 1a). Similarly, median (C/
Div) at the time of continuous intravenous infusion was 17.3 

[(ng/mL)/(mg/day)] (range 6.7–44.7), and (C/Dpo) was 3.6 
[(ng/mL)/(mg/day)] (range 0.6–17.9) (Fig. 1b). Median (C/
Dpo)/(C/Div) was 0.21 (range 0.04–0.58) (Fig. 1c).

Variable factors associated with the variation 
of tacrolimus (C/Dpo)/(C/Div)

In the univariate analyses, the (C/Dpo)/(C/Div) of tacroli-
mus was significantly high in patients with concomitant 
use of oral ITCZ or VRCZ, (n = 29, p < 0.001) and oral 
FLCZ (n = 30, p = 0.022). However, the (C/Dpo)/(C/Div) 
was low in female patients (n =  37, p =  0.069), without 
concomitant use of an azole antifungal agent (n  =  13, 
p  =  0.021), with concomitant use of oral omeprazole 
(n =  4, p =  0.074), and with concomitant use of an oral 
calcium channel blocker (n = 7, p = 0.071) (Table 2). Mul-
tiple regression analysis showed that concomitant use of 
oral ITCZ or VRCZ significantly increased the (C/Dpo)/(C/
Div) of tacrolimus (p = 0.002) (Table 3).

Influence of azole antifungal agents on (C/Dpo)/(C/Div) 
of tacrolimus

The patients were divided into the following 3 groups 
according to the concomitant use of antifungal agent: con-
trol [micafungin (MCFG) (n = 9), liposomal amphotericin 
B (L-AMB) (n = 2), and without concomitant use of anti-
fungal agents (n = 2)], FLCZ [oral fluconazole (n = 30), 
and intravenous fosfluconazole (n  =  1)], and the ITCZ 
or VRCZ group [oral ITCZ (n  =  25), and oral VRCZ 
(n = 4)]. Upon comparing the three groups, the (C/Dpo)/
(C/Div) of tacrolimus in the ITCZ or VRCZ group (median 
0.28; range 0.06–0.58) was significantly higher than in the 
control group (median 0.11; range 0.04–0.52) (p < 0.001) 
and in the FLCZ group (median 0.19; range 0.07–0.30) 
(p < 0.01). The (C/Dpo)/(C/Div) of tacrolimus was not sta-
tistically significant between in the control group and in 
the FLCZ group (Fig. 2). In the control group, one of nine 
patient who received concomitant MCFG showed a high 
(C/Dpo)/(C/Div) ratio of 0.52. The AST and ALT values in 
this patient were 70 and 321 IU/L, respectively.

Influence of azole antifungal agents on the correlation 
between C/Dpo and C/Div of tacrolimus

There was a statistically significant correlation between 
the C/Dpo and C/Div of tacrolimus in the FLCZ group 
(p < 0.001) and the ITCZ or VRCZ group (p < 0.001). The 
slopes of the lines that indicated a role of conversion ratio 
from intravenous to oral administration of tacrolimus were 
0.12 for the control group, 0.21 for the FLCZ group, and 
0.39 for the ITCZ or VRCZ group (Fig. 3).

Table 1   Patient characteristics

GVHD graft-versus-host-disease, MTX methotrexate, MMF mycophe-
nolate mofetil, mPSL methylprednisolone, HLA human leukocyte 
antigen

Characteristic n = 73

Age

 Median, year (range) 51 (20–69)

Gender, no. (%)

 Male 36 (49.3%)

 Female 37 (50.7%)

Body weight

 Median, kg (range) 55 (27–109)

Primary disease, no. (%)

 Acute Leukemia 39 (53.4%)

 Malignant lymphoma 24 (32.9%)

 Myelodysplastic syndromes 5 (6.8%)

 Myeloproliferative neoplasms 3 (4.1%)

 Multiple myeloma 1 (1.4%)

 Other 1 (1.4%)

Donor type and stem cell, no. (%)

 Related, bone marrow 1 (1.4%)

 Related, peripheral blood 11 (15.1%)

 Unrelated, bone marrow 46 (63.0%)

 Unrelated, peripheral blood 2 (2.7%)

 Unrelated, cord blood 13 (17.8%)

Conditioning regimen, no. (%)

 Myeloablative 22 (30.1%)

 Reduced intensity 51 (69.9%)

GVHD prophylaxis, no. (%)

 Tacrolimus plus MTX 55 (75.3%)

 Tacrolimus plus MMF 13 (17.8%)

 Tacrolimus plus mPSL 3 (4.1%)

 Other 2 (2.8%)

 HLA-mismatched, no. (%) 39 (53.4%)
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Associations between tacrolimus (C/Dpo)/(C/Div) 
values and the occurrence of acute GVHD and kidney 
injury

(C/Dpo)/(C/Div) values were divided into four quartiles 
with cutoff values of 0.15, 0.21, and 0.28. The lowest 

Fig. 1   Result of the switch from immediately before the change 
from continuous intravenous infusion to between 3 and 5 days after 
the vhange to oral twice-daily administration of tacrolimus, blood 

concentration (a), concentration/dose (C/D) (b), and C/D during oral 
administration (C/Dpo) divided by during continuous infusion (C/
Div) [(C/Dpo)/(C/Div)] (c). The bars show the median values

Table 2   Univariate analysis to identify the variable factors associated 
with the variation of (C/Dpo)/(C/Div)

GVHD graft-versus-host-disease, FLCZ fluconazole, ITCZ itracona-
zole, VRCZ voriconazole, Scr serum creatinine, T-Bil total bilirubin, 
AST aspartate aminotransferase, ALT alanine aminotransferase
a  A factor in the decrease of the (C/Dpo)/(C/Div) ratio of tacrolimus
b  A factor in the increase of the (C/Dpo)/(C/Div) ratio of tacrolimus

Variable n p value

Female gender 37 0.069a

Age (years) – 0.550

Body weight (kg) – 0.117

Myeloablative conditioning regimen 22 0.602

GVHD prophylaxis – 0.712

Without azole antifungals 13 0.021a

Concomitant use of oral FLCZ 30 0.022b

Concomitant use of oral ITCZ or VRCZ 29 <0.001b

Concomitant use of omeprazole 4 0.074a

Concomitant use of lansoprazole 25 0.907

Concomitant use of steroid 36 0.913

Concomitant use of calcium channel blocker 7 0.071a

History of gut GVHD 20 0.564

Serum albumin (g/dL) – 0.752

Hematocrit (%) – 0.302

Scr (mg/dL) – 0.825

T-Bil (mg/dL) – 0.230

AST (IU/L) – 0.760

ALT (IU/L) – 0.567

Table 3   Multiple regression analysis to identify the variable factors 
associated with the variation of (C/Dpo)/(C/Div)

a  A =  0, concomitant use of FLCZ or no concomitant use of azole 
antifungal agents; A = 1, concomitant use of oral ITCZ or VRCZ

FLCZ fluconazole, ITCZ itraconazole, VRCZ voriconazole

Variable p value

C/Dpo
C/Div

= 0.245+ 0.064(A)a 0.002

Fig. 2   Influence of azole antifungal agents on the (C/Dpo)/(C/Div) 
of tacrolimus. Patients were divided into the following 3 groups 
based on the concomitant use of antifungal agent. Control [intrave-
nous micafungin (n  =  9), intravenous liposomal amphotericin B 
(n = 2), and without concomitant use of antifungal agents (n = 2)], 
FLCZ [oral FLCZ (n = 30) and intravenous fosfluconazole (n = 1)], 
and ITCZ or VRCZ [oral ITCZ (n =  25) and oral VRCZ (n =  4)]. 
Closed circles show ITCZ and opened triangle show VRCZ. Bar 
shows the median value in each group. *p  <  0.01, **p  <  0.001, 
between groups
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and highest quartiles included the 25% of patients with 
the lowest and the highest values. Five of 18 (27.8%) 
patients who had the lowest quartile (C/Dpo)/(C/Div) val-
ues had developed acute GVHD after the change in route 
of administration, which was significantly higher than 
that in other quartiles [5 of 55 (9.1%) patients, p = 0.045] 
(Table  4). There was no statistically significant associa-
tion between the occurrence of acute GVHD and the kind 
of concomitant use of azole antifungal agent. In addition, 
there was no statistically significant associations between 
the (C/Dpo)/(C/Div) value and the occurrence of kidney 
injury after the change in administration route on day 0 
(p =  0.949), day 7 (p =  0.768), or day 14 (p =  0.451), 
respectively (Table 5).

The associations between tacrolimus blood concentra-
tion ratio [(Cpo)/(Civ) values] and the occurrence of acute 
GVHD and kidney injury, five of 18 (27.8%) patients who 
had the lowest quartile (Cpo)/(Civ) values had developed 
acute GVHD after the change in route of administration, 
which was significantly higher than that in other quartiles 
[5 of 55 (9.1%) patients, p = 0.045]. In addition, there was 
no statistically significant associations between the (Cpo)/
(Civ) value and the occurrence of kidney injury after the 
change in administration route on day 0 (p = 0.187), day 7 
(p = 0.169), or day 14 (p = 0.072), respectively.

Discussion

This retrospective study revealed following three findings, 
(1) concomitant use of antifungal agents could affect the 
(C/Dpo)/(C/Div) of tacrolimus, especially oral ITCZ or 
VRCZ, as assessed through multiple regression analysis; 
(2) conversion from intravenous to oral administration of 
tacrolimus at a ratio of 1:5 was seemingly appropriate; 

Fig. 3   Influence of azole antifungal agents on the correlation between the C/Dpo and C/Div of tacrolimus in the control group (a), in the FLCZ 
group (b), and in the VRCZ group (c). Closed circles show ITCZ and opened triangles show VRCZ

Table 4   Association between 
tacrolimus (C/Dpo)/(C/Div) 
values and the occurrence of 
acute GVHD

a  The range of (C/Dpo)/(C/Div) ratio in the lowest quartile group was 0.04–0.15
b  The range of (C/Dpo)/(C/Div) ratio in the other quartiles was 0.15–0.58

Acute GVHD, grades Lowest quartilea no (%) (n = 18) Other quartilesb no (%) (n = 55) p value

All grades 5 (27.8%) 5 (9.1%) 0.045

Grade 1 2 (11.1%) 1 (1.8%) –

Grade 2 2 (11.1%) 4 (7.3%) –

Grade 3 1 (5.6%) 0 (0%) –

Table 5   Association between tacrolimus (C/Dpo)/(C/Div) values and 
the occurrence of kidney injury

a  The range of highest quartile of (C/Dpo)/(C/Div) ratio was  
0.28–0.58
b  The range of other quartiles of (C/Dpo)/(C/Div) ratio was  
0.04–0.28
c  n = 53; two patients were already discharged

Serum creatinine (mg per 100 ml), mean (minimum–maximum)

Days (C/Dpo)/(C/Div)

Highest quartilea 
(n = 18)

Other quartilesb  
(n = 55)

p value

Day 0 0.72 (0.43–1.58) 0.73 (0.33–1.50) 0.949

Day 7 0.78 (0.44–1.49) 0.81 (0.39–1.88) 0.768

Day14 0.84 (0.46–1.43) 0.84 (0.38–1.70)c 0.451
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however, a lower conversion ratio such as 1:3 was suitable 
in patients taking oral ITCZ or VRCZ; and (3) the patients 
who experienced a rapid decrease in tacrolimus blood con-
centration developed acute GVHD.

Tacrolimus has many clinically significant drug–drug 
interactions related to its metabolism by the CYP3A4 iso-
enzyme system [16]. Drug interactions between tacrolimus 
and azole antifungal agents including FLCZ, ITCZ, and 
VRCZ, which interfere with the metabolism of CYP3A4, 
are well recognized [16–18]. However, there are consid-
erable differences among azole antifungals with regard 
to their ability to inhibit CYP3A4. Previous studies have 
reported that ITCZ and VRCZ were more potent inhibitors 
of CYP3A4 than FLCZ [17, 19, 20]. These reports support 
our results (Fig. 2). With regard to the route of administra-
tion of azoles, in almost all cases in our study, they were 
administered orally. Therefore, we could not conclude 
whether the intravenous administration of azole antifun-
gal agents would similarly affect the oral (C/Dpo)/(C/Div) 
of tacrolimus. Mihara et al. [21] reported that the interac-
tion between FLCZ and tacrolimus was strong when anti-
fungal agents were administered orally, probably owing to 
the inhibition of gut CYP3A4. From our data, we hypoth-
esized that this strong interaction could be explained by the 
enterohepatic CYP3A4. In contrast, a mild drug interaction 
was reported for the control group. MCFG is an echino-
candin antifungal agent and a weak inhibitor of CYP3A4 
metabolism in vitro [18]; however, no drug interaction was 
reported between tacrolimus and MCFG in healthy vol-
unteers [22], in those with hematological diseases [23], 
or HSCT patients [24]. One of nine patient who received 
concomitant MCFG showed a high (C/Dpo)/(C/Div) ratio 
of 0.52 (Fig. 2). Because the AST and ALT values in this 
patient were 70 and 321 IU/L, respectively. Sakaeda et al. 
[25] reported that amphotericin B had no inhibitory effect 
on the CYP3A4 metabolic activity in  vitro. Two of two 
patients who received concomitant L-AMB showed a (C/
Dpo)/(C/Div) ratio of 0.08 and 0.09, respectively (Fig.  2, 
data not shown). Therefore, concomitant use of azole 
antifungal agents could affect the (C/Dpo)/(C/Div) of tac-
rolimus, especially oral ITCZ or VRCZ, probably via the 
marked inhibition of enterohepatic CYP3A4.

According to the guidelines for GVHD by The Japan 
Society for Hematopoietic Cell Transplantation, when 
switching from continuous intravenous infusion to oral 
administration of tacrolimus in HSCT, a 3- to 4-fold higher 
dosage range is recommended. However, Yano et  al. [26] 
reported that the 1:4 ratio resulted in a decrease of tacroli-
mus exposure in 6 out of 10 patients (60%) and required a 
dose adjustment. Our results showed that the median value 
of the (C/Dpo)/(C/Div) of tacrolimus was 0.21 (Fig.  1c). 
Detailed analyses revealed that the concomitant use of 

antifungal agents could affect the (C/Dpo)/(C/Div) of tac-
rolimus, especially oral ITCZ or VRCZ (Table 3; Fig. 2). 
Figure 3c indicates that a 3-fold higher dosing range of oral 
tacrolimus was needed to maintain the same blood level 
with intravenous administration in the oral ITCZ or VRCZ 
group, because the slope of the line was 0.39. Therefore, 
although the switch from intravenous to oral administration 
of tacrolimus at a ratio of 1:5 was seemingly appropriate, a 
lower conversion ratio such as 1:3 was suitable in patients 
taking oral ITCZ or VRCZ.

When the blood concentration of tacrolimus varies sud-
denly, we should weigh the relative risks of the develop-
ment of GVHD and toxicity, such as kidney injury. The 
increased frequency of kidney injury was indicated in pre-
vious studies might be resulted from higher doses of tac-
rolimus or higher targeted blood concentration ranges [1, 
27]. In this study, patients who had the lowest quartile (C/
Dpo)/(C/Div) developed acute GVHD after the change in 
the administration route (Table 4). There were no statisti-
cally significant associations between the occurrence of 
acute GVHD and the concomitant use of azole antifungal 
agents. Notably, one patient in the lowest quartile group 
experienced a rapid decrease in (C/Dpo)/(C/Div) of tacroli-
mus (value was 0.09), immediately after the conversion and 
developed grade III acute GVHD in the gut. Yano et al. [26] 
reported that one patient experienced a rapid decrease in 
the trough concentration of tacrolimus from 9.8 to 3.6 ng/
mL immediately after the conversion, and developed grade 
II acute GVHD on the skin. Therefore, in those patients 
whose (C/Dpo)/(C/Div) decreased after the switch, GVHD 
should be monitored carefully, and the dose of tacrolimus 
should be readjusted, considering its blood level. In addi-
tion, the conversion should be performed under close medi-
cal supervision. On the other hand, there were no statisti-
cally significant associations between (C/Dpo)/(C/Div) 
value and the occurrence of kidney injury (Table 5). Grade 
1–2 renal toxicities were observed, but they were mild and 
transient.

This study has a limitation. Because this was a retro-
spective study, we did not examine genetic polymorphisms, 
notably the CYP3A5 genotype that affect tacrolimus blood 
concentration [28–30]. CYP3A5 genotyping is not exam-
ined in routine work of HSCT in Japan. Therefore, future 
examinations will be required, including genetic polymor-
phisms that may affect tacrolimus blood concentration as 
well as (C/Dpo)/(C/Div).

In conclusion, although the conversion from continuous 
intravenous infusion to oral administration of tacrolimus 
at a ratio of 1:5 seemed appropriate, a lower conversion 
ratio such as 1:3 is suitable in patients taking oral ITCZ 
or VRCZ. In patients whose tacrolimus blood concentra-
tion decrease after switching the route of administration, 
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the development of GVHD should be carefully monitored, 
and the dosage of tacrolimus should be frequently adjusted, 
considering its blood level.
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