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Abstract
Hepatitis C viral infection is associated with loss of liver function due to liver cirrhosis and increased risk for the development of liver
carcinoma. HCV is quite prevalent and has various extra-hepatic manifestations including loss of renal function. Earlier, HCV patients were treated
with pegylated interferon and ribavirin, which showed a decline in the risk of development of end-stage renal disease in HCV patients, but it was
discouraged as a primary mode of treatment because of adverse effects and intolerance [1]. After the emergence of Direct-acting antivirals (DAAs)
HCV treatment has revolutionized. The goal of treatment was to attain sustained virologic response (SVR) and with DAA regimens, it exceeded
to over 90%. Numerous DAAs such as NS5A and NS5B inhibitors with protease inhibitors are used to target different aspects of the HCV genome
and prevent replication of the virus. Ledipasvir (Harvoni) is a commonly used inhibitor of HCV NS5A protein, which is required for the viral
replication process and hence is widely used for HCV treatment worldwide. However, these regimens were only allowed for HCV patients with
mild to moderate renal loss because of the increased risk of accumulation of toxic metabolites in patients with eGFR < 30 ml/min/1.73 m^2 [2,3].
We present a case of treatment of hepatitis C viral infection with Direct-acting anti-virals that has been linked to nephrotoxicity in a renal
transplant patient due to drug interactions between Tacrolimus and ledipasvir. Tacrolimus is a widely used immunosuppressant for renal
transplant patients. Tacrolimus and Harvoni share the same P-gp transporter and if administered together, they may cause nephrotoxicity. We
will discuss how direct-acting antivirals interact in patients who are also taking certain immunosuppressants and why this can lead to induced
acute renal failure in a hepatitis C infected patient with a renal transplant.
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Introduction
Acute kidney injury (AKI) is characterized by the rapid
loss of the kidney’s function and is typically diagnosed by the
accumulation of end products of nitrogen metabolism (urea and
creatinine) or decreased urine output, or both [4]. There are
many possible aetiologias for AKI, and the following case report
will investigate an apparent association of Tacrolimus and DAAs
resulting in AKI in a renal transplant patient who also suffers from
unrelated hepatitis C. Hepatitis C virus (HCV) is a single-stranded
enveloped RNA virus that causes hepatitis along with cirrhosis
(for which hepatitis C viral infection is the second most common
cause of in the USA) and hepatocellular carcinoma, an estimated
2.4 million people are suffering from chronic hepatitis C infection
in the USA. Historically, chronic hepatitis C were treated with
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pegylated interferon and ribavirin; however adverse effects from
the interferons were the major limiting factor for this regimen
of treatment [5]. Recent treatments for hepatitis C utilize directacting antiviral agents (DAAs), and the patient in this case report
was on the HARVONI treatment combination of the DAAs ledipasvir
and sofosbuvir for his type 1 genotype HCV infection. These DAA
combination treatments, including the glecavaprvir/pibrentasvir
combination for type 2 and 3 genotypes, have shown remarkable
efficacy with a sustained virological response (SVR) of over 90%
across genotypes, an immensely significant improvement on
the 50% SVR of the pegylated interferon/ribavirin treatment.
[6,7] However, this treatment regime is associated with several
toxicities in renal transplant patients on Tacrolimus. We report a
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case of acute kidney injury associated with increased Tacrolimus
plasma levels, secondary to the unique drug interactions of
ledipasvir (HARVONI) and Tacrolimus [8].

Case Presentation

A 65-year-old patient with a past medical history of Type 2
diabetes mellitus, essential hypertension, end-stage renal disease
status post recent cadaveric renal transplant, and chronic hepatitis
C infection, initiated on Harvoni (ledipasvir). He had recently
undergone an unrelated cadaveric renal transplant 1 month
ago and was hospitalized 2 weeks for it. The patient was being
followed outpatient by the transplant team, gastroenterology team
for the hepatitis C treatment initiation, and the vascular surgery
clinic for his left arteriovenous fistula site swelling, which had
aneurysmal changes that were successfully stented and repaired
by Interventional Radiology. But patient reported back to the
vascular surgery clinic with worsening left arm pain and during
his visit had atypical left-sided chest pain. The patient was then
transferred to the emergency department over concerns of acute
coronary syndrome and underwent a coronary angiogram, which
was found to be normal During his hospitalization, the patient
was found to have acute creatinine elevation from his baseline of
1.5mg/dl to 2.15mg/dl on admission before heart catheterization.
No significant changes were reported by the patient regarding the

amount of urination or character of urine and denied any fever,
dysuria, urgency, or frequency. The had remained consistent
with taking his immunosuppressive medications and the
gastroenterology team had started him on Harvoni (ledipasvir)
2 weeks ago for his chronic hepatitis C infection. The urinalysis
performed showed no hematuria, proteinuria, red blood cells, or
any casts. The fractional excretion of sodium and urea were less
than 1% and 35% respectively, with the rest of the lab being within
normal limits. Ultrasound was negative for hydronephrosis, and
the resistive indices were within normal limits. During preceding
visits, tacrolimus and creatinine levels were obtained, showing
creatinine of 1.6 when tacrolimus was [9] and a creatinine of 2.15
when tacrolimus was 14. Tacrolimus toxicity was the most likely
cause of elevated creatinine and renal failure due to the absence
of any known nephrotoxins or other causes. Research showed that
tacrolimus and Harvoni (ledipasvir) share the same transporter,
P-gp Protein for absorption and the elevation of tacrolimus levels
and renal were secondary to tacrolimus interacting with Harvoni
(ledipasvir) that initiated for patient’s hepatitis C. Our hypothesis
was tested by holding the next dose of tacrolimus and cutting back
the 5mg twice daily to 4mg in the AM and 3mg in the PM. The level
of tacrolimus fell to [10] and the creatinine level started to drop,
i.e., 2.02, strengthening our hypothesis. Daily blood draws were
done to check the levels and after 5 days the tacrolimus level fell to
6.3 and the creatinine level was back to a baseline of 1.5 (Figure 1).

Figure 1: Show daily Tacrolimus dose (mg/day), Tac trough levels (ng/ml), serum Creatinine (mg% x10), and Est. Creat (Cl ml/min).
The acute bump in the creatinine graph to 23.8(mg% x10), was strongly correlated with elevated tacrolimus trough levels of 14.2(ng/
ml), which warranted us to cut back on the dose of tacrolimus resulting in creatinine dropping to 15.3 (mg% x10) when the related
tacrolimus trough level was 6.3(ng/ml).
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Case Discussion
The results show increased Tacrolimus trough level and
increased serum creatinine following the initiation of Harvoni
(Ledipasvir) for Hepatitis C infection in our patient who recently
underwent a cadaveric renal transplant 1 month ago. The
literature search was done, and it was instituted that Tacrolimus
and Ledipasvir share the same transporter (P-gp Protein) for
absorption, and the elevated levels of tacrolimus and renal failure
were secondary to the interaction between Tacrolimus and
Ledipasvir.

P-glycoprotein (MDR1; ABCB1), the permeability glycoprotein
or plasma glycoprotein is an active, 170kDa efflux membranebound transport protein pump discovered in 1976. P-gp is
a member of the ATP binding cassette (ABC) superfamily
[9]. P-glycoprotein is expressed in tissues such as intestinal
enterocytes, hepatocytes, renal proximal tubular cells, the
blood-brain, and blood-testis barrier, and cancer cells [10]. The
P-glycoprotein can be inhibited, activated or its expression can be
induced by some drugs, food components, and herbs, affecting its
activity. P-glycoprotein inhibitors or substrates such as Ledipasvir,
increase the permeability, and as a result serums levels of
P-glycoprotein substrates such as Tacrolimus, resulting in its
toxicity, which was presented in our patient as acute renal injury
(AKI). Also, studies have shown that the use of Tacrolimus posttransplant has seen to be associated with downregulating P-gp
expression on CD4 lymphocytes, influencing its own concentration
[11] and concomitant use of Ledipasvir can exaggerate that effect.
In line with our hypothesis, prescribing DAAs with tacrolimus
should be given careful consideration with close follow-up of
their tacrolimus levels while on therapy with DAAs for Hepatitis
C infection 13. Our hypothesis could’ve been tested further by
monitoring Tacrolimus trough level on a varied dosage of Harvoni
(Ledipasvir) [12].

Conclusion

Prescribing direct-acting antiviral agents (DAA’s) for Hepatitis
C infections in renal transplant or renal disease patients needs
contemplation because there is a chance of interaction with
tacrolimus and P-glycoprotein. Newer DAAs that have been recently
developed have a lower risk of adverse effects because of their
less frequent drug interactions. This will increase their use in the
treatment of Hepatitis C treatment in patients who have received

003

renal transplants. The dose titration of immunosuppressive
medications such as tacrolimus should be strictly monitored in
renal transplant HCV infected patients who are being treated with
DAA’s. This should be done to prevent nephrotoxicity of these
immunosuppressive drugs at higher plasma levels, and to avoid
the risk of renal transplant rejection at their lower plasma levels.
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