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Hepatitis C treatment in kidney transplant
recipients: the need for sustained vigilance after
sustained viral response
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Hepatitis C virus (HCV) infection is a global health

problem with an estimated 71 million people infected

worldwide. Approximately 400 000 people die each year

from HCV, primarily from cirrhosis and hepatocellular

carcinoma (Global Hepatitis Report, 2017, WHO)

(http://www.who.int/hepatitis/publications/global-hepa

titis-report2017). HCV infection in kidney transplant

recipients is associated with increased morbidity and

mortality [1–3]. Compared with noninfected patients,

HCV is associated with increased risk of allograft loss

due to higher rate of rejection, transplant glomerulopa-

thy [4], and de novo post-transplant glomerular disease

[5].

Historically, interferon-based HCV treatment in

transplant recipients was limited by poor tolerability

and low efficacy [6,7] and was associated with higher

rates of allograft loss [8,9]. HCV treatment has been

revolutionized by the development of interferon-free

direct-acting antivirals (DAAs). The HCV genome

encodes a single ~3000 amino acid polyprotein, from

which 10 viral proteins are cleaved by the action of viral

and host proteases. The identification of the nonstruc-

tural proteins (p7, NS2, NS3, NS4A, NS4B, NS5A, and

NS5B) has been crucial for the development of DAAs.

Currently, three major classes of antiviral HCV drugs

exist: inhibitors of the NS3/NS4A protease, for example

Simeprevir; inhibitors of the NS5A complex, for exam-

ple Ledipasvir (LDV); and inhibitors of the NS5B poly-

merase, which are further subdivided into nucleoside

inhibitors (NI), for example Sofosbuvir (SOF) (cofor-

mulation as Harvoni� containing 400 mg SOF and

90 mg LDV per tablet), and non-nucleoside inhibitors

(NNI), for example Dasabuvir [10]. The advent of

interferon-free DAAs has provided a breakthrough

with an all oral-based therapy, and more than 95% sus-

tained virologic response (SVR) in kidney transplant
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recipients [11]. Although a number of small-sample-size

studies reported a favorable outcome in HCV-infected

kidney recipients at least in the short and medium term,

the long-term outcomes are still unclear. The assump-

tion, although unproven, is that eradication of HCV

with DAAs after kidney transplantation will lead to a

reduction in risk and improved outcomes overall.

In their article in this month’s journal, Fernandez-

Ruiz and colleagues present outcomes from a single

center study of 49 kidney transplant recipients treated

with DAAs [12]. Notably, median initiation of treat-

ment was years beyond kidney transplant, average

155.5 months, and patients were followed up for a med-

ian of 12.7 months after completion of therapy. There

were varied treatment regimens and durations, with the

most common regimen of SOF plus LDV along with

Ribavirin (RBV) in 51%. The authors report an impres-

sive SVR rate of 95.8% at 12 weeks of treatment, in line

with other studies [13–15]. Calcineurin inhibitor (CNI)

and everolimus levels dropped on average, and 80.6%

of patients on tacrolimus required dose escalation while

on DAA therapy. The need to adjust CNI doses during

treatment was similar to previous reports [15–17].
While drug interactions with DAAs have been impli-

cated in the drop in CNI drug levels [18], the signifi-

cant decrease in tacrolimus levels persisting at 3 months

after completion of therapy in this study suggests that

changes in metabolism may have been independent of

drug–drug interactions. Improvement in hepatic syn-

thetic function may have led to improved CNI metabo-

lism, as serum transaminase and bilirubin levels

decreased after treatment. Intriguingly, a lower degree

of fibrosis on pretreatment liver biopsy was associated

with a trend for tacrolimus dose escalation and amount

of dose change after DAA therapy, suggesting a link

related to residual hepatic function and increased drug

metabolism after viral clearance. Hemoglobin A1c

improved as well, demonstrating a potential benefit of

improved glycemic control after achieving SVR which

may attenuate the well-described association of HCV

and post-transplant diabetes [19].

The investigators next compared pre- and post-treat-

ment 12-month trajectories of estimated glomerular fil-

tration rate (DeGFR) and 24-h proteinuria (D24-h
proteinuria) and found significant changes in both. In

the 12 months pre- and post-treatment, median DeGFR
was 3.9% and �6.1% (P = 0.002) and median D24-h
proteinuria was �5.3% and 26% (P = 0.057). The

authors thus offer a note of caution and expand upon a

previous report that described a trend in decreased

eGFR with an increase in proteinuria in a subset of

patients after DAA treatment [20]. In that prior study,

there was no link to rejection in the subset of patients

biopsied. In the study herein, two cases of cellular rejec-

tion were noted in the first year after treatment, along

with a case of transplant glomerulopathy (TG) on

biopsy. No episodes of antibody-mediated rejection or

donor-specific antibodies were described.

The exact reason for renal functional decline in this

cohort was unclear. There may have been direct renal

toxicity exhibited by DAAs, although this has not been

reported in the nontransplant population. Some patients

may have developed CNI toxicity, as tacrolimus levels

increased after completion of treatment, and dose esca-

lation correlated independently with decline in eGFR.

However, CNI levels at twelve months post-treatment

appeared to be similar to pretreatment levels. RBV was

also used in the majority of patients and was associated

with a drop in hemoglobin. RBV also commonly causes

leucopenia, and, while not reported, this may have led

to a reduction in the dosing of adjunct mycophenolate-

based immunotherapy, increasing the risk of immuno-

logic injury after treatment.

The differential diagnosis in renal dysfunction after

HCV treatment could also include a form of “immune

reconstitution syndrome,” which has been described

with treatment of HIV leading to an autoimmune

response or response to another infection [21]. Alterna-

tively, HCV treatment in transplant patients may

increase the risk of an alloimmune response. Cellular

immunity has been shown to be impaired with active

HCV infection [22,23] and may explain the heightened

infectious mortality seen in HCV-infected transplant

recipients [24]. HCV-specific CD8+ T cells are restored

to normal levels after DAA therapy [25]. It is unknown

whether alloimmune T-cell response is also altered by

HCV eradication, but the two cellular rejection episodes

in this cohort, as well as the case of TG [26], may have

been related to an accelerated T-cell response after ther-

apy.

Weaknesses of the study relate to the heterogeneity of

the patient population in terms of immunosuppressive

therapy and DAA regimens, as well as a lack of a non-

treated control group for comparison. Secondly, differ-

ences in proteinuria and eGFR on average were modest

and of unclear clinical significance. Another acknowl-

edged weakness was the lack of uniform histologic data

with biopsy on all patients with allograft deterioration

post-treatment.

Regardless, Fernandez-Ruiz and colleagues should be

commended for reporting on longer term follow-up

beyond the early post-treatment phase of HCV with
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DAA. Changes in renal function were not noted until

4 months beyond completion of HCV treatment in this

cohort. After DAA therapy, a combination of increased

drug metabolism and perhaps alteration in cellular

immunity may converge to increase immunologic risk.

These data show that sustained vigilance is required fol-

lowing DAA therapy, with the need for frequent blood-

work and drug monitoring even in patients out years

from transplantation. Future studies with systematic

biopsy data may help to further define the etiology of

allograft deterioration in some patients after DAA treat-

ment for HCV.
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