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Abstract: The direct acting antivirals (DAAs) are now the standard of care for hepatitis C virus (HCV) treatment with high and 
effective sustained virologic responserate (SVR) and great safety profile, including solid organ transplant patients. There are 
increasing reports showing DAAs are effective with high SVR rates and safety profile in kidney transplant recipients. There are 
reports on drug-drug interaction (DDI) between tacrolimus with DAAs. However, data remain lacking on potential DDIs between 
tacrolimus and DAA regimens and the management process. This case series reports three kidney transplant patients on tacrolimus 
who were successfully treated for HCV with multidisciplinary approach, although there was DDI between tacrolimus with 
sofosbuvir/velpatasvir and glecaprevir/pibrentasvir, which required tacrolimus dose adjustment to maintain therapeutic level during 
and after DAA treatment. Such DDIs should be aware of and closely monitored by pharmacist and physicians with tacrolimus dose 
adjustment as needed during and right after DAA treatment in post-kidney transplant patients. 
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1. Introduction 

Hepatitis C virus (HCV) infection is a common 

comorbidity in patients with End Stage Renal Disease 

(ESRD) and undergone kidney transplantation and is 

associated with increased allograft loss, morbidity, and 

mortality [1]. Calcineurin inhibitors (CNIs), cyclosporine 

and tacrolimus are cornerstone immunosuppressants 

in solid organ transplant recipients, which may 

increase the liver damage caused by HCV infection 

[2-4]. The CNIs have narrow therapeutic ranges and 

extensive interactions with other drugs, and drug level 

monitoring is necessary to ensure appropriate 
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immunosuppression and avoid adverse reactions. The 

recommended tacrolimus level by most international 

guidelines was 4-8 ng/mL in patients who use 

tacrolimus and mycophenolate mofetil or do not use 

corticosteroids [5]. 

Direct acting antiviral (DAA) treatment has become 

the standard of care for HCV treatment with high 

sustained virologic response (SVR) rates, shorter 

duration, and minimal side effects [6]. Drug-drug 

interactions (DDIs) have been reported between 

tacrolimus with several DAA regimens, such as 

simeprevir, paritaprevir/ritonavir/ombitasvir/dasabuvir 

and elbasvir/grazoprevir, and frequent monitoring of 

tacrolimus level and dosage adjustment is necessary 

during the treatment with these combinations. 

However, there are few research reports on the DDIs 
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of tacrolimus with sofosbuvir/velpatasvir and 

glecaprevir/pibrentasvir regimens and their treatment 

methods [7-9]. In this case report, three renal 

transplant recipients were treated with DAA, DDIs 

was developed between tacrolimus and 

sofosbuvir/velpatasvir and glecaprevir/pibrentasvir, 

the dose of tacrolimus needs to be adjusted during and 

after tacrolimus treatment to maintain appropriate 

treatment levels, and 3 patients were successfully 

treated and cured from HCV by using 

multidisciplinary approach. 

2. Case Report 

All three patients agreed in this study at University 

of California Irvine Medical Center and their consents 

were obtained. 

2.1 Case1 

A 57-year-old male with HCV genotype 3 infection, 

treatment-naive, ESRD and status post Deceased Donor 

Renal Transplant (DDRT). His immunosuppressive 

medications included tacrolimus 1 mg morning and 

0.5 mg bedtime, mycophenolate sodium (Myfortic®) 

360 mg three times daily and prednisone 5 mg daily. 

At post-DDRT week 41, he had stable renal graft 

function and was started HCV treatment with 

sofosbuvir/velpatasvir with baseline tacrolimus level 

5.6 ng/mL. Four days after the initiation of treatment, 

tacrolimus trough level was elevated to supratherapeutic 

level of 10.8 ng/mL, and the dose was reduced to 0.5 

mg twice a day, that resulted in a gradually decreased 

trough level to 4-8 ng/mL, the target therapeutic level. 

However, after discontinuation of sofosbuvir/velpatasvir 

after 12-weeks treatment course, tacrolimus trough 

level dropped to subtherapeutic level of 2.9 ng/mL at 

the post-treatment day 6. The tacrolimus dose was 

then increased back to 1 mg in the morning and 0.5 

mg before going to bed, and the level gradually 

increasing and then maintained at the therapeutic goal 

(Figure 1). He responded very well to 

sofosbuvir/velpatasvir treatment, achieved SVR12 and 

was cured from hepatitis C. 
 

 
Fig. 1  Dynamic Changes of Tacrolimus Dosing and the Trough Level, and HCV RNA Level before, during, and after 
Sofosbuvir/Velpatasvir Treatment in Case 1. Tacrolimus trough level was elevated after DAA initiation and was dropped 
after DAA completion and both required tacrolimus dosage adjustments to maintain therapeutic level. Abbreviations: DAA, 
Direct Acting Antiviral; Rx, treatment medication; EOT, End of Treatment; Tx, treatment; Wk, week; and D, Day. 
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2.2 Case 2 

A 57-year-old male with HCV genotype 3 infection, 

treatment-naive, ESRD due to type II diabetes and 

hypertension, and status post DDRT. Elastography 

reported stage 4 fibrosis/cirrhosis, and Child-Pugh 

Class A. His immunosuppressive medications 

included tacrolimus 3 mg morning and 2 mg bedtime, 

and mycophenolate sodium (Myfortic®) 720 mg twice 

daily with stable renal allograft function, and 

tacrolimus trough level at goal 4-8 ng/mL. At the 

post-transplantation week 25, he was started HCV 

treatment with glecaprevir/pibrentasvir. His baseline 

trough level of tacrolimus was 5.2 ng/mL. Four days 

after the initiation of treatment, tacrolimus trough 

level was elevated to supratherapeutic level of 11.4 

ng/mL. After reducing tacrolimus dose to 2 mg twice 

daily, the trough level was maintained at the target 

therapeutic level during HCV treatment. He tolerated 

HCV treatment very well with no side effects. When 

glecaprevir/pibrentasvir was discontinued after 

12-week treatment, tacrolimus trough level dropped to 

subtherapeutic level of 3.7 ng/mL at post-treatment 

day 4. Tacrolimus dose was then increased to 3 mg 

twice daily, and tacrolimus trough level gradually 

went up and was then stabilized at the target level 

(Figure 2). He achieved SVR12 and was cured from 

hepatitis C. 

2.3 Case 3 

A 58-year-old male with HCV genotype 1b 

infection, untreated, ESRD due to diabetes, and post 

DDRT status. His immunosuppressive medication 

included tacrolimus 3 mg morning and 2 mg bedtime, 

mycophenolate sodium (Myfortic®) 720 mg twice 

daily, with stable graft function and tacrolimus level at 

goal 4-8 ng/mL. At post-DDRT week 16, he was 

started HCV treatment with glecaprevir/pibrentasvir. 

His baseline tacrolimus level was 4 ng/mL. Nine days  
 

 
Fig. 2  Dynamic Changes of Tacrolimus Dosing and the Trough Level, and HCV RNA Level before, during, and after 
Glecaprevir/Pibrentasvir Treatment in Case 2. Tacrolimus trough level was elevated after DAA initiation and was dropped 
after DAA completion and both required tacrolimus dosage adjustments to maintain therapeutic level. Abbreviations: DAA, 
Direct Acting Antiviral; Rx, treatment medication; EOT, End of Treatment; Tx, treatment; Wk, week; and D, Day. 
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Fig. 3  Dynamic Changes of Tacrolimus Dosing and the Trough Level, and HCV RNA Level before, during, and after 
Glecaprevir/Pibrentasvir Treatment in Case 3. Tacrolimus trough level was elevated after DAA initiation and was dropped 
after DAA completion and both required tacrolimus dosage adjustments to maintain therapeutic level. Abbreviations: DAA, 
Direct Acting Antiviral; Rx, treatment medication; EOT, End of Treatment; Tx, treatment; Wk, week; and D, Day. 
 

after treatment initiation, the tacrolimus trough level 

was elevated to supratherapeutic level of 8.3 ng/mL 

and the dose was reduced to 2 mg twice daily, and the 

trough level was then stabilized and remained at 

therapeutic goal during the treatment. When 

glecaprevir/pibrentasvir was discontinued after 

12-week treatment, tacrolimus trough level dropped to 

subtherapeutic level of 2.5 ng/mL at post-treatment 

day 23. Tacrolimus dose was then increased to 3 mg 

morning and 2 mg bedtime, and the tacrolimus trough 

level gradually went up and was then stabilized at the 

target level (Figure 3). He also achieved SVR12 and 

was cured from hepatitis C. 

3. Discussion 

All DAA regimens carry risk of DDIs with other 

drugs, including tacrolimus and cyclosporine, but 

there have been limited reports on such DDIs, 

especially the detailed course of DAA-related DDIs 

with tacrolimus and cyclosporine. In the present report, 

we experienced three post-DDRT cases with dynamic 

changes of tacrolimus trough level during HCV 

treatment using two different DAA regimens. These 

three cases reassured the effectiveness and safety of 

DAAs in kidney transplant patients with good 

virologic, biochemical response and safety profile and 

also demonstrated the successfulness of 

multidisciplinary approach in managing these DDIs. 

To date, there have been limited studies evaluating 

the safety and effectiveness of sofosbuvir/velpatasvir 

fixed-dose combination therapy in kidney transplant 

recipients and its potential DDI with tacrolimus. 

Mathias et al. reported that there was no clinically 

significant DDIs between sofosbuvir and 

immunosuppressants (including cyclosporine and 

tacrolimus) in healthy volunteers [10]. Mogalian et al. 

study showed that no clinically relevant interactions 

observed between velpatasvir or sofosbuvir and 

cyclosporine or tacrolimus after administration, but 

data remain lacking on interaction of velpatasvir with 

tacrolimus [11]. In case 1, we observed within first 

week of treatment initiation with sofosbuvir/velpatasvir, 
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tacrolimus trough level was almost doubled from 

baseline. Tacrolimus dose had to be reduced by 30% 

to prevent further level elevation. After 

sofosbuvir/velpatasvir was discontinued, tacrolimus 

level was dropped to sub-therapeutic level within a 

week, and tacrolimus dose had to be re-adjusted up to 

maintain its therapeutic level. 

There have also been limited reports on DDIs 

between tacrolimus and glecaprevir/pibrentasvir. Reau 

et al. reported that glecaprevir/pibrentasvir is effective 

and well tolerated in liver and kidney transplant 

patients. However, the potential about its DDI with 

cyclosporine and tacrolimus has not been fully studied 

[12]. A pharmacokinetic study by Kosloski et al. 

showed that in healthy subjects, the area under curve 

(AUC) value of tacrolimus was 45% higher when 

administered with glecaprevir/pibrentasvir [13]. In the 

cases 2 and 3, we also observed around first week of 

treatment initiation of glecaprevir/pibrentasvir, 

tacrolimus trough level was doubled, and the dose had 

to be reduced by 20% to maintain its therapeutic level. 

When glecaprevir/pibrentasvir was discontinued, the 

tacrolimus trough level was dropped to the 

sub-therapeutic level, and the dose had to be 

re-adjusted up to maintain therapeutic level. 

It should be noted that all three cases were followed 

closely by both hepatologist and transplant 

nephrologist with pharmacist involvement during 

DAA treatment with frequent check on tacrolimus 

trough level and timely dosage adjustment. During the 

visits, patient’s tolerability, medication compliance 

and treatment responses were assessed by laboratory 

monitoring and patient assessments. The medication 

supply was also monitored by pharmacist to make 

sure medication adherence. All patients took 

medications regularly with no missing doses and 

completed the course. No new medications were 

started during HCV treatment. These cases confirmed 

the frequency of DDIs in tacrolimus with 

sofosbuvir/velpatasvir and glecaprevir/pibrentasvir 

regimens, and the need for close monitoring of 

tacrolimus and timely dose adjustment during DDA 

treatment. With such efforts from the providers, DDA 

treatment course was not interrupted, there were no 

unexpected adverse events during the treatment, and 

their renal graft function remained stable. In general, 

sofosbuvir/velpatasvir and 

glecaprevir/pibrentasvir-induced DDIs with 

tacrolimus increased trough level of tacrolimus as 

early as treatment week 1, the dose of tacrolimus 

needs to be adjusted, but it has no effect on the safety, 

treatment process, kidney transplant function and SVR 

of our three cases. Thus, a close monitoring is 

essential when providing such DAA treatment to 

post-kidney transplanted patients. We would assume 

the same DDI may occur and the same precaution 

should also be exercised in patients with other organ 

transplantation and receiving DAA and tacrolimus 

treatment. 

Our three cases showed the same pattern of DDIs 

between tacrolimus and sofosbuvir/velpatasvir and 

glecaprevir/pibrentasvir. However, the exact 

mechanism remains unknown. Most DDIs are linked 

to metabolism of cytochrome P450 3A4 (CYP3A4), 

hepatic and/or intestinal transporters, such as organic 

anion-transporting polypeptide (OATP) and 

P-glycoprotein (P-gp) [14]. Tacrolimus is a substrate 

for cytochrome P450 (CYP) 3A4 and P-gp, 

metabolized by CYP3A and transported by 

transmembrane protein P-gp, and also an inhibitor of 

OATP1B1 and uptake transporter in the liver [15]. 

Sofosbuvir and velpatasvir are substrates of drug 

transporters P-gp and breast cancer resistance protein 

(BCRP). Velpatasvir is transported by organic anion 

transporting polypeptide, OATP1B1 and OATP1B3, 

and also an inhibitor of drug transporter P-gp, BCRP, 

OATP1B1, OATP1B3, and OATP2B1. Glecaprevir 

and pibrentasvir are inhibitors of P-gp, BCRP, and 

OATP1B1/3, weak inhibitors of cytochrome P450 

(CYP) 3A, CYP1A2, and uridine 

glucuronosyltransferase (UGT) 1A1, and substrates of 

P-gp and/or BCRP. Glecaprevir is a substrate of 
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OATP1B1/3 [9]. These pharmacology characteristics 

indicate that the metabolic and transport profiles of 

sofosbuvir/velpatasvir and glecaprevir/pibrentasvir 

have considerable overlap with tacrolimus, which 

could result in above observed DDIs. 

4. Conclusions 

To our knowledge, this is one of the first case 

reports on DDIs between tacrolimus and two 

pangenotypic DAAs, sofosbuvir/velpatasvir and 

glecaprevir/pibrentasvir, in post-DDRT patients and it 

showed the effectiveness of pharmacist and physicians 

involvement in managing these DDIs. By providing 

highly detailed dynamic changes in tacrolimus trough 

level and the way of tacrolimusdose adjustment during 

these DAA treatments, it demonstrated importance of 

a multidisciplinary approach with close monitoring 

and timely tacrolimus dose adjustment during DAA 

treatment in post-DDRT patients. Our experience not 

only enriches our knowledge, but also provides a 

management model on delivering DAA treatment to 

post-DDRT patients and other patients as well. This is 

especially valuable as we are promoting HCV-positive 

donors for kidney transplant, and post-transplantation 

HCV treatment with DAA regimens has become 

standard of care for these patients [16]. 
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