
Abstract. Background/Aim: The proton pump inhibitors
were reported to affect the blood concentration of
tacrolimus. Vonoprazan fumarate is a new acid suppressant
with potent acid inhibitory effects. There have been no
reports concerning the effect of vonoprazan on the
tacrolimus blood concentration in liver transplant (LT)
recipients. Patients and Methods: Eighteen living donor liver
transplantation (LDLT) recipients who switched from proton
pump inhibitors (PPIs) to vonoprazan between 2016 to 2018
were enrolled in this retrospective study. We investigated
blood levels of tacrolimus, and liver and renal function
before and after the change from PPIs to vonoprazan.
Results: The median C0/D of tacrolimus before conversion,
3 months after conversion, and 6 months after conversion
were 2.33, 1.53, and 1.89, respectively, and there was no
significant difference. Conversion from another PPI to
vonoprazan was not associated with a worsening liver
function. The estimated glomerular filtration rate was
significantly worse after conversion. Conclusion:
Vonoprazan can be safely administered to LT recipients
receiving tacrolimus during the stable period.

Tacrolimus, a calcineurin inhibitor, is widely used as an
immunosuppressive agent for allograft transplantation in
combination with corticosteroids and mycophenolate mofetil
(MMF). It is important to control the blood concentration of
tacrolimus in organ transplant recipients to avoid acute
cellular rejection (1). 
Proton pump inhibitors (PPIs) are administered to prevent

upper gastrointestinal complications in transplant recipients.
Vonoprazan fumarate (vonoprazan) is a newly developed
acid suppressant and potassium-competitive acid blocker that
reversibly inhibits the gastric acid pump in a K+-competitive
manner (2). Vonoprazan is used in transplant recipients
because it seems to be superior to common PPIs for
preventing upper gastrointestinal complications. 
Tacrolimus is metabolized by cytochrome p450 3A4/5

(CYP3A4/5), so CYP metabolism affects the blood
concentration of tacrolimus (3). The conventional PPI
rabeprazole was reported to affect the blood concentration of
tacrolimus regardless of the CYP2C19 gene polymorphism
(4). However, although vonoprazan is metabolized by
CYP3A4/5 (5), there have been no reports concerning the
effect of vonoprazan on the tacrolimus blood concentration in
liver transplant (LT) recipients. 
The present study investigated the effect of vonoprazan on

the liver and kidney functions and tacrolimus blood
concentration in LT recipients.

Patients and Methods

Patient selection. A total of 331 patients underwent LT from August
1997 to 2022 at Nagasaki University Hospital. Among these patients,
18 adult recipients who had a follow-up period exceeding 3 months
between 2016 and 2018 and changed from PPIs (rabeprazole or
omeprazole, lansoprazole) to vonoprazan were retrospectively enrolled
in this study after their informed consent was obtained. 
These patients had indications for LT, as defined by the ethics

committee of our hospital. The management of living donor liver
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transplantation (LDLT) recipients and the donor selection has been
described previously (6, 7). Immunosuppression after LDLT was
managed by steroids and tacrolimus, the trough level of which was
adjusted to be between 10-15 ng/ml within one month after surgery
and between 5-10 ng/ml subsequently. In cases with acute kidney
dysfunction after LT, MMF was administered to the recipient to
prevent severe kidney dysfunction (8). The steroid dose was tapered
within the first three to six months. We have performed ABO blood
incompatible LT since 2004, and rituximab was used as treatment
before LDLT in all cases, and local treatment was performed via the
portal vein or hepatic artery until 2009.
The exclusion criteria were as follows: i) patients with an

unstable liver function within 3 months before conversion; ii) those
with liver function test values above the normal range before

conversion [normal range: aspartate transaminase (AST) <30 IU/l
and/or alanine transaminase (ALT) <42 IU/l in males and <23 IU/l
in females, and total bilirubin (T.Bil) <1.5 mg/dl], and iii) those
with an unstable blood trough level of tacrolimus within one month
before conversion. The initial concentration (C0) (ng/ml) of
tacrolimus was monitored by a chemiluminescence immunoassay
on the Architect-i1000 System (Abbott Japan, Tokyo, Japan). All
recipients were administered tacrolimus once or twice daily.
Analysis results are presented in Table I. 

Ethics statement. This study was approved by the appropriate ethics
committee (number 20012022) and was performed in accordance
with the ethical standards laid down in the 1964 Declaration of
Helsinki and its later amendments.
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Table I. Background data of liver transplant recipients (n=18).

                                                                                                                                                                         Median (range)

Age (years)                                                                                                                                                         59.5 (43-68)
Sex* (Male:Female)                                                                                                                                              9 (50%)
Height (m)                                                                                                                                                       1.61 (1.44-1.74)
Weight (kg)                                                                                                                                                     61.4 (42.9-91.9)
BMI (kg/m2)                                                                                                                                                   24.8 (18.1-32.7)
Etiology*                                                                                                                         HBV: 3 (16.7%), HCV: 4 (22.2%) , NBNC: 4 (22.2%), 
                                                                                                                                          Alcohol: 3 (16.7%), PBC: 3 (16.7%), ALF: 1 (5.5%)
MELD score                                                                                                                                                        16.5 (9-26)
Child Pugh score                                                                                                                                                  11 (8-14)
ABO incompatible*                                                                                                                                             6 (33.3%)
HCC*                                                                                                                                                                    7 (38.9%)
MMF*                                                                                                                                                                  15 (83.3%)
Steroid*                                                                                                                                                                2 (11.1%)
Tacrolimus dose (mg)                                                                                                                                           2 (0.5-8)
Duration between conversion and liver transplantation (months)                                                                   25.5 (8-62)
Trough level of tacrolimus at conversion (ng/ml)                                                                                          4.25 (1.1-6.7)
Tacrolimus C0/D at conversion (ng/ml)/(mg/D)                                                                                           2.23 (0.68-7.30)
PPI drugs*                                                                                                                                               Rabeprazole: 10 (55.6%)
                                                                                                                                                                  Omeprazole: 6 (33.3%)
                                                                                                                                                                 Lansoprazole: 2 (11.1%)

BMI: Body mass index; HBV: Hepatitis B; HCV: hepatitis C; NBNC: nonBnonC; PBC: Primary biliary cholangitis; ALF: Acute liver failure; MELD:
modified end stage liver disease; HCC: hepatocellular carcinoma; MMF: mycophenolate mofetil; Tacrolimus C0/D: Tacrolimus C0/Dosage ratio;
PPI: proton pump inhibitor. *Data presented as n (%).

Table II. The clinical data before and after conversion.

n=18                                                                          Before                      3 Months after conversion             6 Months after conversion               p-Value

AST (IU/l)                                                           16.5 (12-38)                              17 (10-46)                                       18 (11-41)                               0.87
ALT (IU/l)                                                             12.5 (8-22)                                13 (6-26)                                         13 (7-28)                                0.76
T.Bil (mg/dl)                                                        0.7 (0.4-1.2)                            0.8 (0.4-1.7)                                    0.7 (0.4-1.8)                              0.37
Creatinine (mg/dl)                                            0.89 (0.54-1.44)                      0.86 (0.51-1.18)                              0.87 (0.61-1.32)                          0.07
eGFR (ml/min/1.73 m2)                                  61.05 (28.6-84.9)                     61.3 (36.6-90.3)                              59.0 (31.5-77.1)                          0.03
Tacrolimus trough (C0) (ng/ml)                        4.35 (1.1-6.7)                           3.6 (0.6-7.9)                                    3.8 (0.5-7.2)                              0.66
Tacrolimus C0/D (ng/ml)/(mg/d)                      2.33 (0.67-7.3)                       1.53 (0.63-6.80)                              1.89 (0.50-9.00)                          0.49

AST: Aspartate transaminase; ALT: alanine transaminase; T.Bil: total bilirubin; eGFR: estimated glomerular filtration rate; Tacrolimus C0/D:
Tacrolimus C0/Dosage ratio. Results are presented as median (range). Statistically significant p-values are shown in bold.



Statistical analyses. The preoperative and postoperative clinical data
examined included the recipient age, model for end-stage liver
disease (MELD) score, etiology (hepatitis B, hepatitis C,
nonBnonC), hepatocellular carcinoma (HCC) status, the rate of ABO
incompatible recipients, and liver function test results for AST, ALT,
and T.Bil after LDLT. The clinical variables serum creatinine,
creatinine-based estimated glomerular filtration rate (eGFR), which
is the most commonly used method in clinical practice, were
measured to assess kidney function. However, previous studies have
shown that cystatin C-based eGFR or GFR calculated by inulin or
125-I-iothalamate would be more accurate in evaluating renal
function in liver transplant patients (9). The data are presented as the
median (range) values for continuous variables and as frequencies
for categorical variables. The Friedman test was used to analyze
differences in the median values for AST, ALT, T.Bil, eGFR,
tacrolimus C0, and tacrolimus C0/Dosage (D) before and at three and
six months after conversion. Differences were statistically significant
at p<0.05. Statistical analyses were performed using the SPSS
Version 24.0 software package (IBM, Tokyo, Japan).

Results

Patient characteristics. The clinical background data of LT
recipients are shown in Table I. Eighteen patients converted
to vonoprazan from PPIs (rabeprazole 10, omeprazole 6,
lansoprazole 2). The reasons for conversion to vonoprazan
were epigastric pain in 5, a history of gastric or duodenal
ulcer in 3, and unknown reasons in 10. Median age, height,
weight, BMI, MELD score and Child Pugh score were 59.5
years, 1.61 m, 61.4 kg, 24.8 kg/m2, 16.5 and 11, respectively.
Six patients received ABO incompatible liver transplantation.
Regarding immunosuppression therapy, the rates of MMF and
steroid consumption were 83.3% and 11.1%, respectively.
The dose of tacrolimus at conversion was 2 mg (range=0.5-

8). The duration between conversion and transplantation was
25.5 months (range=8-62). The tacrolimus C0/D ratio at
conversion was 2.23 (range=0.67-7.30). 

Comparison of the liver and kidney function and trough
level (C0) and C0/D of tacrolimus before and after
conversion. Table II shows that AST, ALT, T.Bil, and serum
creatinine were not worse at 3 and 6 months after
conversion; however, the eGFR showed gradual worsening
at three and six months after conversion compared to
before conversion. There was no significant difference in
the tacrolimus trough level or C0/D value after conversion
(Figure 1). 

Discussion

In this study, the median tacrolimus trough level and C0/D
were stably maintained. However, two studies have shown that
the tacrolimus C0/D value after conversion from rabeprazole
to vonoprazan was significantly elevated, the liver and kidney
functions were not worse after conversion (10, 11). 
The reason for the elevation of the tacrolimus trough level

and C0/D value is thought to involve the metabolism of
CTP3A4 (10, 11). Tacrolimus is mainly metabolized by
CYP3A4/5 (3); the concomitant use of drugs metabolized by
CTP3A4/5 may provide changes in the blood levels of
tacrolimus. Conventional PPIs (omeprazole, lansoprazole)
interact with tacrolimus, which can lead to an increased blood
tacrolimus concentration by the inhibition of tacrolimus
metabolism through a competition for CYP3A4. Interactions
of tacrolimus with other drugs are often observed in
CYP2C19 intermediate metabolizer (IM)/poor metabolizer
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Figure 1. Changes in tacrolimus levels during switch from proton pump inhibitors to vonoprazan. Tacrolimus trough levels (A) and (B) tacrolimus
C0/Dosage ratio (B) were measured before and after change to vonoprazan. N.S.: Not significant.



(PM) patients, whose blood concentrations of PPIs are higher
than those of CYP2C19 extensive metabolizer (EM) patients
(12, 13). The conventional PPI rabeprazole, the main
metabolic pathway of which is nonenzymatic, does not
interact with tacrolimus (12, 13).  
Suzuki et al. investigated the relationship between the

CYP family and tacrolimus trough level in kidney transplant
recipients. They found no significant differences in the
tacrolimus blood concentration or tacrolimus C0/D ratio after
conversion from rabeprazole to vonoprazan among patients
with CYP2C19 and CYP3A5 genotype statuses (11).
CYP3A5 gene polymorphisms were correlated with the
blood concentrations of tacrolimus in kidney transplant
recipients (14). Vonoprazan was also reported to inhibit
CYP3A5 activity as well as CYP3A4 (5). Furthermore,
vonoprazan coadministration showed a slightly higher
increase in the tacrolimus C0/D ratio in CYP3A5*1-carriers
than in noncarriers (15). Watari et al. investigated the
relationship between the CYP3A5 genotype and tacrolimus
blood concentration in kidney transplant recipients and found
that the median tacrolimus trough level among all recipients
after conversion from rabeprazole to vonoprazan increased
slightly but not significantly (15). These investigations
suggested that the conversion from PPIs to vonoprazan might
be considered safe for concomitant use in kidney transplant
recipients. 
In the LT field, Hosohata et al. reported that tacrolimus

and lansoprazole interact in patients with genetic
polymorphisms of CYP2C19 and CYP3A5 (16). As
lansoprazole and omeprazole are metabolized by CYP2C19
as well as CYP3A4/5 (13, 17), tacrolimus and PPI
interactions are more likely to be observed in patients with
CYP2C19 polymorphisms. Our study showed that the
tacrolimus trough concentration and C0/D ratio were not
elevated in LT recipients after conversion to vonoprazan,
possibly due to CYP2C19, 3A4/5 polymorphism, although
further investigation is needed.
Several limitations associated with the present study

warrant mention. First, this study was a small retrospective
investigation at a single center. Second, the mechanism
underlying the expression of CYP3A4/5 was not investigated.
Interactions between tacrolimus and vonoprazan might have
been important factors influencing the blood tacrolimus
concentration. The CYP3A4/5 genotype of LT recipients will
be investigated in future studies. 
In conclusion, elevation of the tacrolimus trough level and

C0/D value was not observed in LT recipients after
conversion from PPI to vonoprazan. The concomitant
administration of vonoprazan did not affect the liver function
or trough level in stable LDLT recipients after conversion
from a PPI to vonoprazan. Thus, vonoprazan can be safely
administered to LT recipients receiving tacrolimus during the
stable period.

Conflicts of Interest

The Authors who have taken part in this study declare that they do
not have anything to disclose regarding funding or conflicts of
interest with respect to this manuscript.

Authors’ Contributions

MH, AS, JH, KO and SE designed and drafted the manuscript. TH,
NM, HM, TT, TH, HI, TA and KK collected data and assisted in
preparing the manuscript. All Authors have read and approved the
final manuscript.

Acknowledgements
The Authors wish to thank their colleagues in the Department of
Surgery, Graduate School of Biomedical Sciences, Nagasaki
University, Nagasaki, Japan for their kind cooperation and support. 

References

1 Wallemacq P, Armstrong VW, Brunet M, Haufroid V, Holt DW,
Johnston A, Kuypers D, Le Meur Y, Marquet P, Oellerich M,
Thervet E, Toenshoff B, Undre N, Weber LT, Westley IS and
Mourad M: Opportunities to optimize tacrolimus therapy in solid
organ transplantation: report of the European consensus
conference. Ther Drug Monit 31(2): 139-152, 2009. PMID:
19177031. DOI: 10.1097/FTD.0b013e318198d092

2 Sugano K: Vonoprazan fumarate, a novel potassium-competitive
acid blocker, in the management of gastroesophageal reflux
disease: safety and clinical evidence to date. Therap Adv
Gastroenterol 11: 1756283X17745776, 2018. PMID: 29383028.
DOI: 10.1177/1756283X17745776

3 Iwasaki K: Metabolism of tacrolimus (FK506) and recent topics
in clinical pharmacokinetics. Drug Metab Pharmacokinet 22(5):
328-335, 2007. PMID: 17965516. DOI: 10.2133/dmpk.22.328

4 Isoda K, Takeuchi T, Kotani T, Hirano-Kuwata S, Shoda T, Hata
K, Yoshida S, Makino S and Hanafusa T: The proton pump
inhibitor lansoprazole, but not rabeprazole, the increased blood
concentrations of calcineurin inhibitors in Japanese patients with
connective tissue diseases. Intern Med 53(13): 1413-1418, 2014.
PMID: 24990333. DOI: 10.2169/internalmedicine.53.2394

5 Yamasaki H, Kawaguchi N, Nonaka M, Takahashi J, Morohashi
A, Hirabayashi H, Moriwaki T and Asahi S: In vitro metabolism
of TAK-438, vonoprazan fumarate, a novel potassium-
competitive acid blocker. Xenobiotica 47(12): 1027-1034, 2017.
PMID: 27414183. DOI: 10.1080/00498254.2016.1203505

6 Eguchi S, Takatsuki M, Hidaka M, Tajima Y and Kanematsu T:
Evolution of living donor liver transplantation over 10 years:
experience of a single center. Surg Today 38(9): 795-800, 2008.
PMID: 18751944. DOI: 10.1007/s00595-007-3729-8

7 Hidaka M, Eguchi S, Takatsuki M, Soyama A, Ono S, Adachi T,
Natsuda K, Kugiyama T, Hara T, Okada S, Imamura H, Miuma
S and Miyaaki H: The Kupffer cell number affects the outcome
of living donor liver transplantation from elderly donors.
Transplant Direct 2(8): e94, 2016. PMID: 27819035. DOI:
10.1097/TXD.0000000000000608

8 Muta K, Kitamura M, Hidaka M, Ota Y, Hara T, Soyama A,
Miuma S, Miyaaki H, Nakao K, Eguchi S, Mukae H and

CANCER DIAGNOSIS & PROGNOSIS 2: 553-557 (2022)

556



Nishino T: Association between trough level of tacrolimus and
change in estimated glomerular filtration rate 1 year after living
donor liver transplantation. Ann Transplant 26: e928858, 2021.
PMID: 33558451. DOI: 10.12659/AOT.928858

9 Imai E, Horio M, Nitta K, Yamagata K, Iseki K, Hara S, Ura N,
Kiyohara Y, Hirakata H, Watanabe T, Moriyama T, Ando Y,
Inaguma D, Narita I, Iso H, Wakai K, Yasuda Y, Tsukamoto Y, Ito
S, Makino H, Hishida A and Matsuo S: Estimation of glomerular
filtration rate by the MDRD study equation modified for Japanese
patients with chronic kidney disease. Clin Exp Nephrol 11(1): 41-
50, 2007. PMID: 17384997. DOI: 10.1007/s10157-006-0453-4

10 Mei T, Noguchi H, Suetsugu K, Hisadome Y, Kaku K, Okabe Y,
Masuda S and Nakamura M: Effects of concomitant administration
of vonoprazan fumarate on the tacrolimus blood concentration in
kidney transplant recipients. Biol Pharm Bull 43(10): 1600-1603,
2020. PMID: 32999170. DOI: 10.1248/bpb.b20-00361

11 Suzuki Y, Yoshihashi T, Takahashi K, Furuya K, Ohkohchi N, Oda
T and Homma M: Drug-drug interaction between tacrolimus and
vonoprazan in kidney transplant recipients. J Clin Med 10(17):
3964, 2021. PMID: 34501411. DOI: 10.3390/jcm10173964

12 Homma M, Itagaki F, Yuzawa K, Fukao K and Kohda Y: Effects
of lansoprazole and rabeprazole on tacrolimus blood
concentration: case of a renal transplant recipient with CYP2C19
gene mutation. Transplantation 73(2): 303-304, 2002. PMID:
11821750. DOI: 10.1097/00007890-200201270-00028

13 Yasuda S, Horai Y, Tomono Y, Nakai H, Yamato C, Manabe K,
Kobayashi K, Chiba K and Ishizaki T: Comparison of the kinetic
disposition and metabolism of E3810, a new proton pump
inhibitor, and omeprazole in relation to S-mephenytoin 4’-
hydroxylation status. Clin Pharmacol Ther 58(2): 143-154, 1995.
PMID: 7648764. DOI: 10.1016/0009-9236(95)90192-2

14 van Gelder T, Meziyerh S, Swen JJ, de Vries APJ and Moes
DJAR: The clinical impact of the C0/D ratio and the CYP3A5
genotype on outcome in tacrolimus treated kidney transplant
recipients. Front Pharmacol 11: 1142, 2020. PMID: 32848756.
DOI: 10.3389/fphar.2020.01142

15 Watari S, Araki M, Matsumoto J, Yoshinaga K, Sekito T,
Maruyama Y, Mitsui Y, Sadahira T, Kubota R, Nishimura S,
Wada K, Kobayashi Y, Takeuchi H, Tanabe K, Kitagawa M,
Morinaga H, Kitamura S, Sugiyama H, Ariyoshi N, Wada J,
Watanabe M, Watanabe T and Nasu Y: Blood concentrations of
tacrolimus upon conversion from rabeprazole to vonoprazan in
renal transplant recipients: Correlation with cytochrome P450
gene polymorphisms. Drug Metab Pharmacokinet 40: 100407,
2021. PMID: 34352707. DOI: 10.1016/j.dmpk.2021.100407

16 Hosohata K, Masuda S, Ogura Y, Oike F, Takada Y, Katsura T,
Uemoto S and Inui K: Interaction between tacrolimus and
lansoprazole, but not rabeprazole in living-donor liver transplant
patients with defects of CYP2C19 and CYP3A5. Drug Metab
Pharmacokinet 23(2): 134-138, 2008. PMID: 18445994. DOI:
10.2133/dmpk.23.134

17 Pearce RE, Rodrigues AD, Goldstein JA and Parkinson A:
Identification of the human P450 enzymes involved in
lansoprazole metabolism. J Pharmacol Exp Ther 277(2): 805-
816, 1996. PMID: 8627562.

Received June 9, 2022
Revised July 6, 2022

Accepted July 12, 2022

Hidaka et al: Effect of Vonoprazan on Tacrolimus After LT

557


