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Interferon-free therapy has revolutionized the treatment of

hepatitis C (HCV) in patients with cirrhosis, including

those with decompensated disease. In December 2013, the

Food and Drug Administration (FDA) approved simepre-

vir, a second-generation NS3/4A protease inhibitor, and

sofosbuvir, the first-in-class nucleotide analogue NS5B

polymerase inhibitor, providing the first opportunity for all

oral therapy for HCV. Sofosbuvir with ribavirin was

approved for use in patients of all viral genotypes wait-

listed for liver transplantation, based upon results from a

phase 2 study of patients with Child-Pugh (CP) class A

cirrhosis and hepatocellular carcinoma. Simeprevir and

sofosbuvir use, initially off-label, was based upon results

from the phase 2 COSMOS study [1], where patients with

genotype 1 with varying degrees of fibrosis, including

compensated cirrhosis, were treated for 12 or 24 weeks.

The frequency of sustained virologic response at week 12

(SVR12) reached 93 % (38/41) among those with com-

pensated cirrhosis [1]. Recently, the FDA approved sof-

osbuvir and simeprevir for treatment of genotype 1 HCV,

including cirrhotics. However, the safety information for

this combination in patients with CP class B cirrhosis is

limited.

In this issue of Digestive Diseases and Sciences, Stine

et al. [2] describe two patients with CP-B cirrhosis and

elevated baseline total bilirubin concentrations (5.3 and

9.5 mg/dL) who developed worsening hepatic decompen-

sation during treatment with sofosbuvir and simeprevir.

Both patients developed significant elevations of total

bilirubin (indirect fraction unknown), by week 4–5 in Case

1 and by week 2 in Case 2. The authors concluded that

simeprevir was ‘‘probably’’ (Case 1) and ‘‘possibly’’ (Case

2) causative of these events, based on the Roussel Uclaf

Causality Assessment Method (RUCAM), a system that

assigns specific points for clinical, biochemical, serologic,

and radiologic features of liver injury to yield a composite

score that reflects the likelihood that the hepatic injury is

due to a specific medication [3]. Essential aspects of these

cases are not included, such as changes in renal function,

the results of evaluations for infectious or other causes of

acute hepatic decompensation, and if drug–drug interac-

tions may have been contributory. Moreover, the validity

of RUCAM criteria in patients with cirrhosis and marked

elevations of bilirubin at baseline is questionable. None-

theless, these two cases highlight the striking changes in

clinical status that can occur during HCV treatment for

patients with decompensated cirrhosis and the heightened

concerns of clinicians regarding use of protease inhibitors

in this setting.

Treatment of patients with decompensated cirrhosis, of

whom many have renal dysfunction, requires detailed

knowledge of antiviral drug metabolism and excretion.

Sofosbuvir is extensively metabolized in the liver to the

pharmacologically active nucleoside triphosphate analog

GS-461203 with eventual dephosphorylation to the inactive

metabolite GS-331007 [4]. Relative to subjects with nor-

mal hepatic function, the sofosbuvir areas under the curves

from 0 to 24 h (AUC0–24) were 130 and 140 % higher in

patients with CP class B and C cirrhosis, whereas the GS-

331007 AUC0–24 was only 18 and 9 % higher, respectively

[4]. Further, no dose adjustments for sofosbuvir are rec-

ommended for patients with CP class B or C cirrhosis due

to the lack of adverse effects with exposure to sofosbuvir

and GS-331007 based on population pharmacokinetic
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analysis [4]. Instead, renal clearance is the major elimi-

nation pathway for sofosbuvir, via GS-331007. Compared

to subjects with normal renal function, the sofosbuvir

AUC0–? was 1.7-fold higher and the GS-331007 AUC0–?

was 4.5-fold higher in those with eGFR \30 mL/min/

1.73 m2 [4]. As a result, use of sofosbuvir is not recom-

mended for patients with eGFR\30 mL/min/1.73 m2. In

contrast, simeprevir is extensively metabolized by the

hepatic cytochrome CYP3A system and possibly the

CYP2C8 and CYP2C19 systems and eliminated via biliary

excretion [5]. Relative to subjects with normal hepatic

function, simeprevir AUC0–24 values were 2.4- and 5.2-

fold higher in patients with CP class B and class C cir-

rhosis, respectively [5]. In clinical trials, higher exposure to

simeprevir was associated with increased frequency of

adverse reactions [5]. As a result, it is recommended that

risks and benefits be carefully considered prior to sime-

previr use in patients with CP class B cirrhosis and avoided

in patients with CP class C cirrhosis [5].

While these pharmacokinetic data are helpful, their utility

for predicting adverse drug reactions in the clinic is limited

due to lack of data for most drug combinations and for

patients with varying degrees of combined liver and renal

dysfunction as occurs frequently in patients with CP class B

and C cirrhosis. In the absence of more comprehensive data,

selecting direct antiviral drugs that are unaffected by liver

dysfunction may be a safer option. Certainly, these data

highlight the need for careful weighing of risks and benefits

of treatment in patients with advanced liver disease, the

value of closer monitoring for adverse events in patients

with decompensated cirrhosis receiving antiviral therapy

and, ideally, the availability of liver transplantation as a

rescue therapy should clinical status worsen.

The report by Stine and colleagues highlights the chal-

lenge in establishing a causal relationship between drug

exposures and decompensating events in patients with

advanced cirrhosis. Natural history studies highlight the

frequency of decompensating events among patients with

cirrhosis (Table 1). Based on data reported for the HALT-

C study [6], the annualized incidence of decompensation

(defined as variceal hemorrhage, ascites, bacterial perito-

nitis, or encephalopathy) was 12.9 % once patients had

developed CP class B (CP score C7) cirrhosis [6]. The

Model of End-stage Liver Disease (MELD), which predicts

3-month mortality, indicates that the two cases reported by

Stine et al. with MELD scores of 17 and 20 had an esti-

mated 3-month mortality risk of 6.0 % and 19.6 %,

respectively [7]. Recognizing that decompensating events

can occur independently of treatment exposure, there is a

need for controlled studies to ascertain which direct anti-

viral drugs increase the risk of decompensation.

In the absence of controlled studies, the substantial ‘‘real

life’’ experiencewith sofosbuvir and simeprevir is informative

(Table 2). The HCV-TARGET cohort of 2,063 patients

treated with sofosbuvir-including regimens included 1,126

treated with sofosbuvir and simeprevir (243 treated with

ribavirin), of which 577 had cirrhosis and 227 with history of

decompensation [8]. Serious adverse events were similar in

patients treated with sofosbuvir plus ribavirin (7.9 %) versus

sofosbuvir plus simeprevir (4.6 and 7.5 % if ribavirin added)

[8]. Twelve deathswere reported, themajority (9 of 12, 75 %)

in patients with cirrhosis; eight among patients treated with

simeprevir and sofosbuvir with and without ribavirin (8 of

1,126, 0.7 %) [8]. In composite, available preliminary data

suggest that simeprevir and sofosbuvir can be safely admin-

istered in thosewithmildly decompensated diseasewith a low

rate of adverse events, although serious events including

deaths occur.

For patients with decompensated cirrhosis who are not

candidates for transplantation, antiviral therapy may be

their only hope for survival. For patients with decompen-

sated cirrhosis on the transplantation waiting list, the

benefit of antiviral therapy includes prevention of post-

transplant recurrence and possibly reversal of decompen-

sation [11]. Certainly, drawing upon the experience of

antiviral therapy in HBV-infected patients with decom-

pensated disease suggests that avoiding the need for

transplant should be an attainable goal in many HCV

patients if viral eradication is achieved [12]. Nonetheless,

in contrast to the HBV treatment experience, the HCV drug

armamentarium includes multiple drug classes, multiple

drug combinations, and higher risk of adverse effects. The

best outcome of therapy would be reversal of decompen-

sation and avoidance of need for transplantation. The worse

outcome would be worsening of decompensation to the

point that transplantation is no longer an option. If drug

Table 1 Annualized incidence of each clinical outcome following

CP score C7

Outcome Events after CP

score C7

(n = 137) (%)

Variceal hemorrhage 1.2

Ascites 12.7

Encephalopathy 10.3

HCC or presumed HCC 4.5

All-cause death 10.0

All-cause death or liver transplantation 14.7

Liver-related death 8.7

Liver-related death or liver transplantation 14.3

Decompensation (variceal hemorrhage, ascites,

bacterial peritonitis, encephalopathy)

12.9

HCC/presumed HCC or decompensation

(variceal hemorrhage, ascites, bacterial

peritonitis, encephalopathy)

14.8

Adapted from Table 2 of Dienstag et al.’s [6] HALT-C trial

Dig Dis Sci (2015) 60:806–809 807

123



therapy substantially increases the risk of decompensating

events, either via drug toxicity or related to viral clearance,

then deferring treatment until post-transplant may be the

preferred strategy. Since safe and highly effective therapies

are available for transplant recipients, treatment may be

easier post-transplant when liver function is restored and

renal function stable [11].

Overall, implicating a drug as a cause of hepatic

decompensation requires a substantial amount of data [3].

The cases reported by Stine et al. serve to raise awareness

but are insufficient to meet that burden of proof. Among

patients with decompensated cirrhosis whose natural his-

tory is prone to further decompensation [6], rigor is

required to separate the effects of drug versus natural his-

tory, likely best accomplished with the use of matched,

untreated control groups within the context of large

cohorts. Moving forward, as additional new HCV combi-

nations are approved for treatment of patients with cir-

rhosis, continued scrutiny of the frequency of adverse

events within the population with decompensated cirrhosis

combined with robust assessment of the cause of decom-

pensation will further improve therapy of HCV-infected

patients complicated by cirrhosis.
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