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Table 3 Correlations between quantitative indices for liver functional reserve and conventional liver function tests

ICG R15 LHL 15 HH 15 HC
T P value ' 4 P value r P value r P value
Platelets (x 10'/mm’) -0.160 0.161 0.235 0.038 -0.185 0.105 0.348 0.002
Prothrombin time (INR) 0.082 0.473 -0.122 0.289 -0.016 0.888 -0.287 0.011
Albumin (g/dL) -0.044 0.703 0.263 0.020 -0.123 0.285 0.233 0.040
Total bilirubin (mg/dL) 0.204 0.073 -0.217 0.057 0.289 0.010 -0.345 0.002
Cholinesterase (U/L) -0.113 0.324 0.221 0.052 -0.263 0.020 0.419 0.0001

LHL15 was correlated with platelet count and albumin level. HH15 was correlated with total bilirubin level and cholinesterase level. HC was correlated
with all conventional liver function tests. ICG R15: Indocyanine green dye retention at 15 min; HC: Hepatic clearance.

Table 4 Univariate and multivariate analyses of variables predictive of severe fibrosis

Variable Severe fibrosis P value
Yes (n = 27) No (7 = 51) Univariate analysis Multivariate analysis

Gender (male/female) 23/4 Nov-40 0474

Age (yr) 665 +10.0 66.8+10.5 0.950

HBs-Ag (+/-) 10/17 16/35 0.616

HCV-Ab (+/-) 10/17 11/40 0.145

Alcohol abuse (+/-) 2/25 8/43 0.301

NASH (+/-) 4/23 10/41 0.602

Platelets (x 10/ mm’) 127439 18.7+74 <0.001 0.09
Prothrombin time (INR) 1.09+0.12 1.03£0.10 0.032 0.223
Albumin (g/dL) 4006 41106 0.388

Total bilirubin (mg/dL) 09103 0.7+£0.3 0.001 0.354
Cholinesterase (U/L) 234+75 255 + 68 0.229

Tumor size (cm) 3516 57142 0.042 0.137
Tumor number 1104 12+0.6 0.543

Tumor vascular invasion (+/-) 5/22 16/35 0.226

MELD score 58+71.1 51E£1.2 0.009

CTP score 53+0.6 52+04 0.685

ICG R15 (%) 143+ 6.1 102+5.5 0.019 0.183
LHL 15 0.901 + 0.044 0.935 + 0.024 0.042 0.041
HH 15 0.648 + 0.068 0.556 + 0.067 0.004 0.053
HC 263.3+90.4 381.1+96.7 <0.001 0.030

Platelet count, prothrombin time, total bilirubin level, tumor size, MELD score, ICG R15, LHL15, HH15, and HC were significant predictors of severe
cirrhosis in the univariate analysis. In the multivariate analysis, HC and LHL15 were the significant independent predictors. HBs-Ag: Hepatitis B surface
antigen; HCV-Ab: Hepatitis C virus antibody; NASH: Nonalcoholic steatohepatitis; MELD score: Model for end-stage liver disease score; CTP score: Child-
Turcotte-Pugh score; ICG R15: Indocyanine green dye retention at 15 min; HC: Hepatic clearance.

cannot be used as indices for determining the extent of
liver resection for patients with liver tumors. In contrast,
several studies have evaluated the liver functional reserve
before hepatectomy™ ™. In particular, the indocyanine
green (ICG) clearance test has been widely used to evalu-
ate liver functional reserve™’? for liver resection. Howev-
er, it does not provide quantitative parameters. Moreover,
there are occasional discrepancies between the ICG clear-
ance values and histologic findings in the liver because of

DISCUSSION

In the current study, we demonstrated correlations be-
tween the degree of liver fibrosis and ICG R15, HH15,
LHL15, and HC. Among these indicators, HC showed
the best correlation with conventional liver function tests.
HC was the most valuable index for predicting severe
cirrhosis. An HC of 298 could be used to predict severe
cirrhosis.

The degree of liver fibrosis is a negative predictor
of liver regeneration and the restoration of liver func-
tion after liver resection”. Therefore, estimating the liver
functional reserve, which is a reflection of liver fibrosis,
is important. Several laboratory variables, such as pro-
thrombin time and cholinesterase, have prognostic value
in chronic liver disease”. In addition, the Alb level, T-bil
level, and prothrombin time are the most useful routine
laboratory tests for establishing a prognosis for hepatitis
patients™. However, none of these laboratory variables
reflects liver fibrosis directly. As a result, these variables
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the imbalance of portal inflow or portasystemic shunts.
Such discrepancies make direct assessments of the extent
of liver fibrosis difficult. Therefore, a new method to es-
timate the liver functional reserve that accurately reflects
the degree of fibrosis is required.

The asialoglycoprotein receptor (ASGPR) is local-
ized on hepatocytes and is involved in the clearance of
glycoproteins containing terminal galactose residues
from the circulation® . The expression of this receptor
decreases according to the number of functional hepa-
tocytes. Therefore, liver scintigraphy with *Tc-GSA,
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Figure 1 Receiver operating characteristic curve and interactive dot diagrams of hepatic clearance and LHL15 for the diagnosis of severe fibrosis. A ROC
analysis for HC and LHL15. There was a significant difference between the two values (P = 0.0146); B: Interactive dot diagrams showing HC predicts severe cirrho-
sis. The cutoff value for predicting severe cirrhosis with the highest sensitivity and specificity was 298 (sensitivity, 77.8%; specificity, 84.3%) for HC. The horizontal
line indicates the cutoff point with the best separation between the 2 groups (severe fibrosis+, severe fibrosis-); C: Interactive dot diagrams showing LHL15 predicts
severe cirrhosis. The cutoff value for predicting severe cirrhosis with the highest sensitivity and specificity was 0.926 (sensitivity, 74.1%; specificity, 60.8%) for LHL15.
The horizontal line indicates the cutoff point with the best separation between the 2 groups (severe fibrosis+, severe fibrosis-). AUC: Area under the ROC curve; ROC:

Receiver operating characteristic, HC: Hepatic clearance.

an analog of asialoglycoprotein, enables the quantitative
evaluation of liver functional reserve. SPECT analysis in
" Tc-GSA liver scintigraphy, which allows the evaluation
of GSA accumulation in the liver, was also developed to
investigate liver function™. ”*Tc-GSA HC, which is de-
termined based on SPECT data, demonstrates the precise
distribution of ASGPR in the liver, thereby providing an
accurate calculation of liver functional reserve™. In this
study, ?Te-GSA HC showed a correlation with conven-
tional liver function tests and the extent of liver fibrosis
that was better than that of LHL15 or HH15. LHL15
and HH15, which are hepatic uptake and blood clearance
ratios in ~“Tc-GSA liver scintigraphy, are the simplest
and most commonly used variables. However, they may
be insufficient for accurately estimating the degree of
liver fibrosis because these indices are calculated from
planar scintigraphic images, which do not correctly reflect
hepatocyte volume. In contrast, ""Te-GSA HC measured
by SPECT analysis contains volumetric information and
may correctly estimate the hepatocyte volume, thus re-
flecting the degree of liver fibrosis.

In liver surgery, the risk of perioperative complica-
tions is generally believed to increase when the remnant
liver volume (RLYV) is excessively small”®”. Therefore,
reports have advocated preoperatively assessing RLV
with CT volumetrypl]. However, CT volumetry can never
reflect the function of the remnant liver, especially in
patients with parenchymal disease™ ™, such as chronic
hepatitis or cirrhosis. Additionally, several reports con-
cerning ~"Tc-GSA SPECT findings have indicated that
regional function is not necessarily uniform throughout
the liver®™?Y, suggesting that an accurate estimation of
regional liver function is more important for predicting
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postoperative liver functional reserve. In this study, **Tc-
GSA HC strongly reflected the degree of liver fibrosis.
Therefore, we believe that using the combined s
GSA HC and CT volumetric measurements of the rem-
nant liver can evaluate remnant liver functional reserve
after hepatectomy"”. Further studies are needed to test
this hypothesis.

In conclusion, we demonstrated that HC measured
with ”Tc-GSA SPECT showed correlations with the
degree of liver fibrosis and conventional liver function
tests. ""Tc-GSA HC was the most valuable index for
predicting severe fibrosis. It could yield a more accurate
estimation of liver fibrosis compared with currently used
measures before hepatectomy for hepatobiliary surgeons.

COMMENTS

Background

Liver fibrosis is a negative predictive factor for postoperative hepatic failure.
Therefore, the accurate preoperative estimation of the extent of hepatic fibrosis
is essential for successful liver surgery. Although many liver fibrosis indicators
have been proposed for preoperative evaluation, the best indicator for evaluat-
ing liver fibrosis has not yet been established.

Research frontiers

Technetium-99m-diethylenetriaminepenta-acetic acid-galactosyl human serum
albumin (%mTc-GSA) liver scintigraphy reflects the liver functional reserve and
is reported to correlate with several hepatic function tests. In addition, single-
photon emission computed tomography analysis in ®™Tc-GSA liver scintigraphy,
which can evaluate GSA accumulation in the liver, was also developed to inves-
tigate liver function.

Innovations and breakthroughs

Hepatic clearance which was measured with *™Tc-GSA single-photon emission
computed tomography (SPECT) is a reliable index for assessing liver fibrosis.
Applications

Hepatic clearance which was measured with *™Tc-GSA SPECT could yield a
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more accurate estimation of liver fibrosis compared with currently used mea-
sures before hepatectomy for hepatobiliary surgeons.

Terminology

*mc-GSA liver scintigraphy: Technetium-99m-diethylenetriaminepenta-acetic
acid-galactosyl human serum albumin liver scintigraphy. SPECT analysis:
Single-photon emission computed tomography analysis.

Peer review

The manuscript evaluates the utility of #m1c-GSA SPECT to reliably predict the
degree of liver fibrosis in patients for liver resection is planned. Comparisons
are made to particularly state that hepatic clearance is superior to other mea-
surements (LHL15 and HH15), other techniques (ICGR15), and clinical param-
eters of liver function when predicting fibrosis. The study has relevance and is
interesting in its concept; however some conclusions are made that need to be
justified by more rigorous data analysis.
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ABSTRACT

Because of the critical shortage of deceased donor grafts, using a donation after cardiac
death (DCD) donor is an important resource. However, the ischemic damage of those DCD
grafts jeopardizes organ viability during cold storage. Maintaining organ viability after
donation until transplantation is important for optimal graft function and survival. This
review describes the effective preservation in transplantation for DCD livers. Concepts and
development of machine perfusion for DCD liver grafts to reduce ischemia/reperfusion
injury are discussed. Despite the fact that hypothermic machine perfusion might be superior
to static cold preservation, DCD livers are exposed to hypothermia-induced damage.
Recently, some groups introduced the beneficial effects of normothermic or sub-
normothermic machine perfusion in DCD liver preservation and transplantation.

HE SHORTAGE of donors for transplantation is a
universal problem. The wait list for organs has
continued to grow. However, the use of marginal donors is a
promising way to increase the supply. In particular, use of
organs from non—heart-beating donors (NHBD) and dona-
tion after cardiac death (DCD) are gaining importance as
potential sources of vital organs for clinical transplantation.
The two approaches to preservation before transplantation are
simple cold storage (SCS) and machine perfusion (MP). The
simplicity, lower cost, and need for transport make cold storage
the method of choice for the majority of transplantation cen-
ters. However, the major principle of simple hypothermic liver
preservation is the reduction of metabolic activity. Although
MP using hypothermia may have a theoretical advantage in
providing metabolic support and oxygenation, its use has not
become widespread in clinical practice. Recently, the short-
and long-term function of kidneys procured from DCDs by
means of normothermic recirculation were reported [1]. The
principle of normothermic and subnormothermic perfusion is
to recreate the physiological environment by providing the
essential substrates for cellular metabolism, oxygenation, and
nutrition. In this review, based on the historical background of
transplantation from DCD, clinical donor criteria for DCD
livers and the progress of MP for DCD livers in cold storage are
introduced. Finally, the method of rewarming preservation for
DCD liver transplantation is introduced as a challenge using a
new MP system.

© 2014 by Elsevier Inc. All rights reserved.
360 Park Avenue South, New York, NY 10010-1710

Transplantation Proceedings, 46, 1099-1103 (2014)

HISTORICAL BACKGROUND FOR LIVER
TRANSPLANTATION FROM DCD DONORS

In March 1995, an international workshop for NHBD was
held in Maastricht, Netherlands. DCDs had been classified
as the Maastricht classification [2]. Categories 1, 2, and 4
include uncontrolled DCDs, and category 3 includes
controlled DCDs. DCDs have come to represent the fastest
growing proportion of the donor pool. In some United
Network for Organ Sharing (UNOS) regions with limited
standard criteria for donors, DCDs comprised up to 16% to
21% of the total donor pool [3]. After successful use of
DCD kidney grafts for clinical transplantation, interest has
moved toward using extrarenal organs such as the liver,
pancreas, and lungs [4]. However, in the early phase, liver
transplantations from DCDs did not always show favorable
post-transplantation results. The development of ischemic
biliary stricture is a major source of morbidity after DCD
liver transplantation.

Retransplantation is also associated with a significantly
higher mortality risk. The difficulty with using DCD livers
has been considered to be that, although the incidence of
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Department of Innovative and Transplant Surgery, National
Center for Child Health and Development, 2-10-1 Okura, Seta-
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delayed graft function (DGF) in the kidneys is high, it can
be treated with hemodialysis until the kidneys recover. In
contrast, DGF in the liver often requires retransplantation
as rescue therapy. For this reason, there has been great
caution in using DCD liver grafts. Recently, the incidences
of primary non-function (PNF) and severe DGF have been
remarkably reduced due to the use of selected controlled
DCD livers, better selection criteria for advanced preser-
vation technologies, and shortened warm and cold ischemic
times. However, this strategy does not always lead to a
significant increase in donor numbers. Further studies are
needed to identify clinical strategies, such as improving or-
gan preservation, and policies to reduce incidences and
improve the outcome of PNF and ischemic cholangiopathy
in recipients who have DCD liver grafts.

MP Preservation of Liver Grafts

The introduction of kidney perfusion preservation in clinical
practice started in the late 1960s. Folkert O.Belzer had
already been working on the continuous hypothermic iso-
lated perfusion and auto-kidney transplantation with blood
[5] and cryoprecipitated plasma [6]. The hypothermic MP
(HMP) of the first human kidney became a clinical reality
soon thereafter; a patient received a kidney that had been
preserved for 17 hours using this preservation circuit, and
had acceptable function post-transplantation [6]. In the
1970s, HMP was used by transplantation centers mainly in
the United States and Europe to preserve and transport
kidneys. Consequently, different perfusion machines were

A

RM 3

Pulsatile renal perfusion

Fig 1. (A) RM-3 by Waters Medical
System (Rochester, MN, USA). (B) Life-
Port Kidney Transporter by Organ Re-
covery System Des Plaines. (C, D)
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also developed and used clinically for kidney preservation.
Currently, there are three commercially available renal
perfusion devices: the RM3 from Waters Medical Systems
(Rochester, MN, USA) (Fig 1A), the LifePort from Organ
Recovery Systems (Fig 1B), and the Kidney Assist by Organ
Assist b.v. (Groningen, The Netherlands) (Figs 1C,D).
However, in 1980, the development of the University of
Wisconsin (UW) solution produced by the same UW group
allowed surgeons to preserve kidneys for much longer time,
up to 72 hours, by simple cold storage [7]. The development
of the UW solution provided an alternative to MP, and most
centers abandoned the clinical use of MP. During the last
few decades, the success of kidney transplantation as the
treatment of choice for end-stage renal failure has led to an
increasing shortage of suitable organs. This shortage has
forced the transplantation community to (re-) consider the
transplantation of organs from marginal donors, such as
older donors, hemodynamically unstable donors, and
NHBD donors. Thereafter, the MP of kidneys from these
marginal donors regained worldwide interest.

The international multicenter trial for HMP during kid-
ney transplantation is a well-designed prospective random-
ized trial of paired kidneys [8], one preserved with SCS and
one with MP. The study examined 672 renal trans-
plantations performed in Europe. MP significantly reduced
the risk of DGF, as well as significantly improving the rate
of the decrease in the serum creatinine level. The number of
use of HMP before kidney transplantation is now increased.
Regarding liver preservation, Guarrera et al [9] showed the

Life Port

Kidney Assist by Organ Assist b.v. (Gro-
ningen, The Netherlands).
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Fig 2. Changes of pressure in hepatic artery during machine
perfusion.

outcomes of liver transplantation after 12 hours of HMP or
with SCS in a miniature swine model using a new preser-
vation solution, the Vasosolution, which uses a modified
Belzer’'s MP solution. The serum aspartate aminotrans-
ferase (AST) and total bilirubin levels were similar in the
HMP and SCS groups, indicating that HMP can be used
successfully. Later, the Guarrera group reported successful
use in human livers. The outcomes of liver transplantation
were reported to be satisfactory compared with simple cold
storage [10].

Pretransplantation viability testing for a DCD graft is
particularly important. An advantage of using MP preser-
vation is that it enables the performance of viability tests on
the grafts while they are stored. Preservation by machine
enables the physician to judge the acceptability of the graft by
registering the flow and pressure characteristics and
analyzing the enzymes in the perfusate. Developing a system
of MP to establish viability assessments of the liver has not
been easy due to the unique blood supply of liver grafts.
Predicting viability by evaluating flow in the portal system is
not possible because the portal flow is wide ranged and the
systems used have found it difficult to generate portal pres-
sure that shows efficient portal flow in the hypothermic stage.
Even tissue and vascular resistance, which provide important
information in kidney preservation, are particularly low due
to easy destruction in the liver. The effluent AST and lactate
dehydrogenase (LDH) levels collected in preservation solu-
tion have been reported to be useful and predictable
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biomarkers in previous reports [ 1 1-13]. Recently, Obara et al
developed a novel liver perfusion system and found that the
degree of decreasing hepatic arterial pressure is significantly
correlated with the length of warm ischemic time (Fig 2) and
the levels of liver enzymes (AST, LDH) in cold perfusate
during continuous preservation [14] (Fig 2).

Challenge in DCD Liver Grafts Using MP

Despite successful MP for- DCD kidney grafts, DCD liver
transplantation has been challenging. There are important
limitations of basic research using small animals because of
the difficulties associated with assessment of the hepatic
artery flow. In large-animal and clinical studies, successful
transplantation was achieved by Brettschneider et al after
24 hours of MP in a canine model [[5]. Starzl et al pre-
served the first 11 human livers up to 7.5 hours by the same
method [16]. However, the use of fresh diluted blood is
inconvenient in the clinical setting. Low-pressure HMP
was applied via the hepatic artery in porcine livers for 2
hours before transplantation and compared to similar
grafts stored in cold Euro-Collins solution for the same
period. Both the LDH and AST levels were consistently
lower in the HMP group compared with the SCS group
[17]. A new preservation solution, Polysol, was developed
for MP by the Amsterdam group in 2005. Polysol solution
contains many vitamins and a protein-like, enriched tissue
culture medium for functional recovery during preserva-
tion, which is expensive [18.19]. As for DCD liver grafts in
large animals, most groups agree that 30 minutes of warm
ischemic time (WIT) plus 4 to 5 hours of cold preservation
results in primary loss of function in the pig liver [20.21].
Dutkowski used a large animal model to test whether
short-term hypothermic oxygenated perfusion (HOPE) —
treated DCD livers could experience the same benefits as
those noted in the previous report using a rat model. The
porcine DCD liver with 60 minutes of WIT preserved with
SCS for 6 hours could be rescued by a 1 hour short-term
HOPE treatment [22]. Lower values of AST and LDH
after reperfusion, and a higher survival rate up to 30 hours
in the HOPE group were shown. We developed a new
preservation machine with a temperature-controlled sys-
tem (NES) (Fig 3A). We reported beneficial functional
recovery in the HMP group after 30 minutes of WIT plus 4

Fig 3. (A, B) Liver Perfusion System
(NES).
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to 5 hours of total ischemic time compared to the SCS-only
group in a porcine liver transplantation model [23]. On the
other hand, the concept for DCD graft has been changed
and reported in recent years. Experimental studies have
shown that even brief periods of cold preservation will
cause injury to hepatocytes, Kupffer cells, and endothelial
cells in DCD livers, even those later recirculated under
normothermia. The use of normothermic extracorporeal
membrane oxygenated (NECMO) perfusion is based on
experimental studies which have shown that the recircu-
lation of oxygenated blood at 37°C improves the cellular
energy load, reduces tissue injury, and improves the post-
transplantation graft function in livers damaged by the
period of warm ischemia caused by cardiac arrest [24,25].
In 2002, the Hospital Clinic in Barcelona developed a
clinical protocol to resuscitate organs from donors and to
maintain viability for transplantation [26]. The protocol
includes cannulation of the femoral vessels to establish an
NECMO circuit. NECMO is used to reperfuse and
oxygenate abdominal organs after cardiac arrest while the
potential DCD is evaluated and consent for organ dona-
tion is obtained. In 2007, the first 10 human liver trans-
plantations were performed with uncontrolled DCDs in
which the donor was maintained with NECMO before
organ retrieval. Ten DCD livers were transplanted with
only 1 graft lost to PNF and 1 to hepatic artery thrombosis.
In March 2013, two cases of human warm liver perfusion
were successfully transplanted in Kings College Hospital
group. The great advantage of normothermic preservation,
including the use of NECMO, is the ability to overcome
the disadvantaged aspects of hypothermic cellular physi-
ology [27]. However, the use of blood-based perfusates

MATSUNO, UCHIDA, AND FURUKAWA

may increase the risk of microvascular failure and sinu-
soidal plugging and bacterial growth. Normothermic
preservation requires full metabolic support with a large
machine. Additionally, any equipment failures result in
unexpected warm ischemic injury. Therefore, achieving
normothermic liver preservation remains troublesome and
expensive. The reality of clinical organ retrieval might
require a period of cold preservation due to transport
between institutions. Some studies have investigated the
perfusion temperature. For example, subnormothermic
MP performed at 20°C resulted in reduced vasoconstric-
tion, as well as lower metabolic requirements in DCD [28]
and steatotic [29] rat models. Shigeta et al successfully
transplanted porcine livers with 60 minutes of WIT plus 4
hours of total ischemic time by rewarming preservation
from 4°C to 22°C using MP [30]. Development of liver
perfusion system in the world is shown in Figure 4.

CONCLUSION

Traditional methods of hypothermic preservation based on
both static and machine storage may not be best for DCD
liver grafts because liver organs from DCDs have already
suffered severe tissue damage secondary to hypoxia and
hypoperfusion before the initial period of warm ischemia.
Additional cold storage damage to the organ caused by
hypothermic conditions may limit the ability to improve
cellular function because metabolic activity is decreased in
the cold storage. Ideally, these livers will be continuously
perfused ex vivo with warm or subnormothermic oxygenated
preservation solution. Rewarming preservation during
perfusion may become practically available and useful.

Liver perfusion system

Fig 4. Development of liver perfusion
system.

Groningen
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SUMMARY. Genotype 2 hepatitis C virus (HCV) accounts for
up to 30% of chronic HCV infections in Japan. The standard
of care for patients with genotype 2 HCV — peginterferon and
ribavirin for 24 weeks — is poorly tolerated. especially among
older patients and those with advanced liver disease. We con-
ducted a phase 3, open-label study to assess the efficacy and
safety of an all-oral combination of the NS5B polymerase
inhibitor sofosbuvir and ribavirin in patients with chronic
genotype 2 HCV infection in Japan. We enrolled 90 treat-
ment-naive and 63 previously treated patients at 20 sites in
Japan. All patients received sofosbuvir 400 mg plus ribavirin
(weight-based dosing) for 12 weeks. The primary endpoint
was sustained virologic response at 12 weeks after therapy
(SVR12). Of the 153 patients enrolled and treated, 60% had
HCV genotype 2a, 11% had cirrhosis, and 22% were over the

aged 65 or older. Overall, 148 patients (97%) achieved
SVR12. Of the 90 {treatment-naive patients, 88 (98%
achieved SVR12, and of the 63 previously treated patients,
60 (95%) achieved SVR12. The rate of SVR12 was 94% in
patients with cirrhosis and in those aged 65 and older. No
patients discontinued study treatment due to adverse events.
The most common adverse events were nasopharyngitis,
anaemia and headache. Twelve weeks of sofosbuvir and riba-
virin resulted in high rates of SVR12 in treatment-naive and
previously treated patients with chronic genotype 2 HCV
infection. The treatment was safe and well tolerated by
patients, including the elderly and those with cirrhosis.

Keywords: Hepatitis C virus, HCV genotype 2, direct-acting
antiviral agents, nucleotide polymerase inhibitor.

INTRODUCTION

Approximately two million people in Japan — nearly 2% of
the population — are chronically infected with the hepatitis C

Abbreviations: CI, confidence interval: GCP. Good Clinical Practice:
HCV, hepatitis C virus: ICH, International Conference on Harmoni-
zation: Peg-IFNz, pegylated interferon alpha: PK, pharmacokinetics:
RBV, ribavirin: SVR12, 12 weeks after therapy.

Correspondence: Masao Omata, Yamanashi Prefectural Hospital
Organization, 1-1-1 Fujimi. Kofu City, Yamanashi 400-0027,
Japan. E-mail: momata-tky@umin.ac.jp

Trial registration details: ClinicalTrials.gov number
NCT01910636.

virus (HCV) [1]. The population of patients with chronic HCV
infection in Japan differs from that of other countries; patients
are generally older, have more advanced liver disease and are
more likely to have received previous treatment for HCV
infection [2,3]. It is estimated that 15-30% of Japanese
patients with HCV will develop serious complications, includ-
ing liver cirrhosis, end-stage liver disease and hepatocellular
carcinoma [4]. Although genotype 1 HCV is currently the
most prevalent strain of the virus in Japan, genotype 2 HCV,
which now accounts for up to 30% of infections, is rising in
prevalence [5]. The current standard of care regimen for the
treatment of chronic genotype 2 HCV infection in Japan is
24 weeks of pegylated interferon alpha (Peg-IFNx) and
ribavirin (RBV) [6]. Although relatively high rates of SVR

© 2014 The Authors. Journal of Viral Hepatitis Published by John Wiley & Sons Ltd.
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have been reported in clinical trials with this regimen (71~
86%), the use of Peg-IFNx+RBV in an ageing population with
progressive liver disease is limited by safety and tolerability
issues. Moreover, a substantial number ol patients have abso-
lute or relative contraindications to interferon. As a result,
many Japanese patients with chronic genotype 2 HCV infec-
tion have no available treatment options and are thus at risk
for worsening of liver disease and complications of cirrhosis,
including hepatocellular carcinoma.

Sofosbuvir (Gilead Sciences) is an oral nucleotide ana-
logue inhibitor of the HCV-specific NS5B polymerase that
has recently been approved in the United States and Bur-
ope for the treatment of chronic HCV infection |7]. The
labelled use for patients with chronic genotype 2 HCV
infection is sofosbuvir and RBV for 12 weeks. In phase 3
studies, 12 weeks of treatment with sofosbuvir plus RBV in

patients infected with genotype 2 HCV resulted in rates of

SVR12 of 97% in treatment-naive patients, 93% in
patients ineligible to receive interferon and 86-90% in pre-
viously treated patients [S-10].

We conducted a phase 3 trial to determine the efficacy
and safety of 12 weeks ol solosbuvir and RBV in treat-
ment-naive and previously treated Japanese patients with
chronic genotype 2 HCV infection with and without com-
pensated cirrhosis.

METHODS

Patients

Patients were enrolled between 16 July 2013 and 30 Septem-
ber 2013 at 20 sites in Japan. Eligible patients were aged
20 years or older with a body weight of at least 40 kg.
Patients were required to be chronically infected with
genotype 2 HCV and with HCV RNA levels >10* [U/mlL at
screening. Planned enrolment was for approximately 84
treatment-naive and 50 previously treated patients. See Sup-
plement for definitions of types of response to prior treatment.

Up to 40% of enrolled subjects in each group (i.e. treat-
ment naive or treatment experienced) could have evidence
of compensated cirrhosis at screening (Child-Pugh A). Cir-
rhosis was defined as liver biopsy showing a Metavir score
of 4 or Ishak score =5 or a FibroScan score of »12.5 kPa.
Patients were required to have ALT and AST <10 x upper
limit of the normal range, platelet count =50 000 per pL,
haemoglobin >11 g/dL for women and >12 g/dL for men
and albumin >3 g/dL. There were no upper limits on age
or body mass index. Similarly, no restriction was applied to
white blood cell or absolute neutrophil count at screening.

Study design

In this multicenter, open-label trial, all patients received
12 weeks of treatment with 400 mg of sofosbuvir, adminis-
tered orally once daily, and ribavirin (Copegus®, Chugai

Sofosbuvir in Japanese patients with HCV genotype 2 763

Pharmaceutical Co., Ltd. Tokyo, Japan), administered orally
twice daily, with doses determined according to body weight
(600 mg daily in patients with a body weight of <60 kg,
800 mg daily in patients weighing »60 and <80 kg, and
1000 mg daily in patients with a body weight of >80 kg).

In addition to the main study of efticacy and salety, sparse
PK samples were collected from all patients over the course of
the study for population PK analyses and all patients were eli-
gible to participate in an optional substudy to determine the
steady-state pharmacokinetics (PK) of sofosbuvir (and its pre-
dominant circulating metabolite GS-331007). The target en-
rolment per treatment group was approximately 15 patients.
For the PK substudy, intensive serial pharmacokinetic sam-
ples were collected (samples obtained over 24 h postdose) at
either the week 2 or week 4 treatment visits.

Study assessments

Screening assessments included serum HCV RNA levels
and IL28B (rs12979860) genotyping, as well as standard
laboratory and clinical tests. Serum HCV RNA was mea-
sured with the COBAS™ TaqMan®” HCV Test, version 2.0
for Use with the High Pure System (Roche Molecular Sys-
tems, West Sussex, UK), which has a lower limit of quanti-
fication (LLOQ) of 25 IU/mlL. HCV genotype and subtype
were determined at screening using the Siemens VERSANT
HCV Genotype INNO-LIPA 2.0 assay.

On-treatment assessments included standard laboratory
testing, serum HCV RNA, vital signs, electrocardiography
and symptom-directed physical examinations. All adverse
events were recorded and graded according to a standard-
ized scale (see Supplementary Table S7).

NS5B amplification and deep sequencing was performed
at DDL Diagnostics Laboratory (Rijswijk, The Netherlands)
for all subjects who did not achieve SVR12. Deep sequenc-
ing of HCV NS5B was performed at the first virologic fail-
ure time point if a plasma/serum sample was available and
HCV RNA was >1000 IU/mL, along with the respective
baseline samples. Amino acid substitutions in NS5B in the
samples collected at virologic failure were compared with
the genotype 2 reference and the respective baseline
sequence for each patient.

The population pharmacokinetic parameters for sofosbu-
vir and GS-331007 were computed for all subjects from
concentration data from intensive and/or sparse samples
using the previously established sofosbuvir and GS-331007
population PK models [11].

Statistical analysis

For treatment-naive patients without cirrhosis, the SVR12
rate was compared to an adjusted historical SVR rate of
69%, using a two-sided exact one-sample binomial test.
The historical control rate was calculated from the
weighted average of historical SVR rates for noncirrhotic,
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treatment-naive Japanese patients with genotype 2 HCV
infection receiving 24 weeks of Peg-IFN«+RBV (79% with
a 10% discount applied due to the expected improvement
in safety profile and shorter treatment duration — see Sup-
plementary Table S2 for further details). We calculated
that a sample size of 50 patients would provide 80% power
to detect an 18% improvement in the SVR12 rate over the
adjusted historical rate at a significance level of 0.05. For
SVR12 rates for the overall population, for treatment-naive
patients with cirrhosis, and for previously treated patients,
statistical hypothesis testing was not performed. For these
outcomes, we calculated point estimates of SVR12 rates
with two-sided 95% exact confidence interval using the
binomial distribution (Clopper-Pearson method).

Study oversight

This trial was approved by the institutional review board
or independent ethics committees at all participating sites
and was conducted in accordance ‘with local regulations
and with recognized international scientific and ethical
standards. including the International Conference on Har-
monization (ICH) guideline for Good Clinical Practice (GCP)

Table 1 Baseline Demographic Characteristics

and the original principles embodied in the Declaration of
Helsinki. The study was designed and conducted according
to protocol by the sponsor (Gilead Sciences) in collabora-
tion with the principal investigators. The sponsor collected
the data, monitored study conduct and performed the sta-
tistical analyses. The manuscript was prepared by Gilead
Sciences with input from all authors.

RESULTS

Baseline characteristics

Of the 188 patients who were initially screened, 153 (90
treatment-naive and 63 previously treated patients) were
enrolled and began treatment (Table S1 and Figure S1).
The demographic and baseline clinical characteristics of
the patients are provided in Table 1. Overall, the majority
of patients were female (54%), and all were Japanese. The
mean age was 57 years (ranging from 25 to 74 years)
and 22% were aged 65 or older.

Previously treated patients were slightly older than the
treatment-naive patients, with a higher percentage of males,
higher baseline viral load, with a higher prevalence of cirrho-

Characteristic Overall (N = 153)

Treatment naive (n = 90) Previously treated (n = 63)

Mean age. years (range) 57 (25, 74)
Mean BMI, kg/m? (range) 24 (16.5, 34)
Male, n (%) 70 (46)

Mean HCV RNA, logyo [U/mL £ SD 6.3 (0.84)
HCV RNA >5 log [U/mL, n (%) 140 (92)
HCV genotype, n (%)
2a 92 (60)
2b 61 (40)
Cirrhosis, 1 (%)
No 136 (89)
Yes 17(11)
IL28B genotype, n (%)
cC 121 (79)
CcT 28 (18)
T 4 (3)
Median baseline ALT, U/L (range) 34 (12, 412)
Baseline ALT >1.5 x ULN, n (%) 43 (28)
Interferon eligibility, n (%)*
Interferon eligible 72 (80)
Interferon ineligible 5(6)
Interferon unwilling 13 (14)
Response to prior HCV treatment, n (%)
Nonresponse 15 (24)
Relapse/breakthrough 45(71)
Interferon intolerant 3(5)
Median eGFR, mL/min (range) 85 (51, 209)

52
38 (42%)

55 (25, 73) 60 (34, 74)
24 (17, 34) 24 (16.5. 34)
33 (37) 37 (59)

6.2 (0.92) 6.5 (0.66)

78 (87) 62 (98)

40 (63%)
23 (37%)

82 (91) 54 (86)

8 (9) 9 (14)
73 (81) 48 (76)
17 (19) 11 (17)

0 4 (6)
32(12,412) 36 (12, 232)
28 (31) 15 (24)

72 (80) Not applicable

5 (6) Not applicable
13 (14) Not applicable

Not applicable 15 (24)

Not applicable 45 (71)

Not applicable 3 (5)

86 (52, 175) 84 (51, 209)

*Interferon eligibility was determined by the site investigator based on whether or not, in their judgment, the patient had

contraindications to interferon therapy.
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sis and non-CC I1L28B genotype. Overall, 11% ol participat-
ing subjects had cirrhosis. The proportions of patients
infected with genotype 2a and 2b HCV were 60% and 40%,
respectively, which is similar to previous reports of HCV sub-
type distribution in the Japanese population [4]. Most (80%)
of the treatment-naive patients were considered eligible lor
interferon therapy, with 6% having contraindications to
interferon therapy and 14% unwilling to receive this treat-
ment. Most (71%) of the previously treated patients had
experienced virologic breakthrough or relapse alter previous
treatment, with 24% reporting nonresponse to prior therapy.

Efficacy

Overall, 148 of the 153 patients (97%. 95% conlidence
interval [CI| 93-99%) achieved SVR12 (Table 2). By prior
treatment history, 88 of the 90 treatment-naive patients
(98%, 95% CI, 92~100%) and 60 ol the 63 previously trea-

ted patients (95%, 95% CI, 87-99%) achieved SVR12. Of

the 82 treatment-naive patients without cirrhosis, 80 (97%,
95% CI 91-100%) achieved SVR12, thus meeting the pri-
mary efficacy endpoint for this group of superiority to the
adjusted historical control rate of 69% (P < 0.001). Of note,
all eight treatment-naive patients (100%) with cirrhosis and
eight of the nine previously treated patients with cirrhosis
(89%) achieved SVR12. Overall, 16 ol the 17 patients with
cirrhosis (94%, 95% CI 71-100%) achieved SVR12.

Patient responses according to baseline characteristics are
shown in Supplementary Table $3. Rates of SVR12 were
high in all subgroups of patients. Patients with characteris-
tics historically associated with poor response to interferon-
based treatment — non-CC IL28B genotype, high baseline
viral load, elderly patients, cirrhosis — had rates of SVR12
similar to those in patients without these characteristics.

Relapse accounted for all cases of virologic {ailure; there
were no patients with virologic breakthrough or nonresponse
during treatment. Among all patients treated, 97% had HCV
RNA <LLOQ by treatment week 2, and 100% achieved HCV
RNA <LLOQ by treatment week 4. Overall, five patients expe-
rienced virologic relapse after the end of therapy: two (2%)

Table 2 Response during and after Treatment

Sofosbuvir in Japanese patients with HCV genotype 2 765
treatment-naive patients and three (5%) treatment-experi-
enced patients. Four patients relapsed by post-treatment
week 4, and one patient relapsed between post-treatment
weeks 4 and 12. Characteristics of patients who relapsed are
provided in Table 84, There were no consistent host or viral
characteristics in the five subjects who relapsed; however,
the number of virologic failures is too small for any conclu-
sions o be drawn concerning predictors of virologic failure.
No patient relapsed alter post-treatment week 12. All 148
SVR12 patients (100%) also achieved SVR24,

Viral resistance testing

The NS5B region was deep sequenced in samples collected
from the five relapsers at baseline and at the time of
relapse. No $2827T variant — known to be associated with
reduced susceptibility to sofosbuvir — or any other nucleo-
tide inhibitor resistance-associated variants were detected
in any patient at relapse. Phenotypic analysis of the NS5B
gene showed no change in susceptibility to either sofosbu-
vir or ribavirin,

Pharmacokinetics

Population pharmacokinetic analysis was performed to
estimate the pharmacokinetics of sofosbuvir and its major
circulating nucleoside metabolite, GS-331007. The mean
(CV%) of steady-state AUC(. 54 and Chae were 973 (31.2)
ng*h/mlL and 544 (33.6) ng/mL for sofosbuvir (N = 45),
respectively, and 10 400 (27.2) ng h/mlL and 818 (27.9)
ng/mL for GS-331007 (N = 153), respectively. Within the
Japanese study population, there were no clinically rele-
vant differences in the pharmacokinetics of GS-331007
and solosbuvir, based on age. sex, BMI, cirrhosis status,
prior treatment experience or SVR12 outcome.

Safety

Overall, 73% ol patients experienced at least one adverse
event; however, the majority of patients experiencing

Response Overall (N = 153)

Treatment naive (n = 90)

Previously treated (n = 63)

HCV RNA <LLOQ during treatment, n (%)*

At week 2 148 (97%)
At week 4 153 (100%)

HCV RNA <LLOQ alter end of treatment, n (%)

SVR4 149 (97%)
SVR12 148 (97%)
95% confidence interval 92.5-99%
On-treatment failure 0
Relapse, n/n (%) 5 (3%)

88 (98%)
90 (100%)

89 (99%)

60 (95%)
63 (100%)

60 (95%)

88 (98%) 60 (95%)
92->99% 8§7-99%
0 0
2 (2%) 3 (5%)

*LLOQ denotes lower limit of quantification, which is 25 IU/mL. SVR denotes sustained virologic response.
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adverse events (84%) had only mild (grade 1) events. The
most common treatment-emergent adverse events were
nasopharyngitis (upper respiratory viral illness), anaemia,
headache, malaise and pruritus (Table 3). No patient in the
study discontinued treatment prematurely due to adverse
events (or for any other reason). Twenty-two patients (14%)
had adverse events that led to modification or interruption
of a study drug; 20 patients had ribavirin dose reductions to
manage anaemia, and one patient interrupted sofosbuvir
and RBV for 1 day because of an event of nasopharyngitis.
All but one of the 22 patients with modification or interrup-
tion of study drugs achieved SVR12. Two patients experi-
enced treatment-emergent serious adverse events: one
treatment-experienced 63-year-old woman had a worsening
of anaemia for which she was hospitalized, and one treat-
ment-naive 36-year-old woman had a severe anaphylactic
reaction to a bee sting. No patient experienced a life-threat-
ening (grade 4) adverse event, and only three patients expe-
rienced severe (grade 3) events, two of which were deemed
to be related to study treatment, the above-mentioned case
of anaemia and one case of transient, ribavirin-associated
hyperbilirubinaemia in a treatment-experienced 65-year-old
man, which resolved during follow-up.

The overall rates of adverse events
(<65 years) and older (=65 years) patients did not differ
substantially (72% vs 76%, respectively), although there
was a higher incidence of anaemia and pruritus in older

in  younger

Table 3 Discontinuations, Adverse Events and Laboratory
Abnormalities by Age

Parameter Overall (N = 153)

Discontinuation of any study 0
drug due to adverse event

Serious adverse events 2 (1%)
Anaemia 1 (1%)
Anaphylactic reaction 1 (1%)

Any adverse event 112 (73%)

Common adverse events*

Nasopharyngitis 45 (29%)
Anaemia 18 (12%)
Headache 15 (10%)
Malaise 11 (7%)
Pruritus 9 (6%)

Laboratory abnormalities, n (%)
Decreased haemoglobin concentration

<10 g/dL 19 (12%)
<8 g/dL 1 (1%)
Neutropenia (500-<750 per mum?) 1 (1%)
Hyperglycaemia (>250-500 mg/dL) 3 (2%)
Hyperbilirubinaemia 2 (1%)

(>2.5-5.0 x ULN)

ULN, upper limit of normal.
*Adverse events occurring in at least 5% of patients.

patients {Table S5). The incidence and severity of adverse
events in patients with and without cirrhosis at baseline
were similar (Table S6).

Overall, the mean change in haemoglobin from baseline
to week 12 of treatment was —1.2 g/dL. For patients aged
65 and older, the mean change in haemoglobin was
—1.7 g/dL, as compared with 1.0 g/dL in patients under
the age of 65. Of all 153 patients enrolled and treated, 19
(12%) had at least one postbaseline haemoglobin value of
<10.0 g/dL, and one (1%) had a postbaseline haemoglobin
value of <8.5 g/dL. Two patients (1%) had grade 3 hyper-
bilirubinaemia: no grade 4 hyperbilirubinaemia occurred.
One patient, who had grade 2 neutropenia at baseline, had
transitory grade 3 neutropenia.

DISCUSSION

In this phase 3 trial, twelve weeks of treatment with sof-
osbuvir and RBV resulted in high rates of sustained viro-
logic response (>935%) in treatment-naive and previously
freated Japanese patients with chronic genotype 2 HCV
infection. Patients with host and viral characteristics that
have historically been predictive of lower rates of SVR
— older age, presence of cirrhosis, high viral load, non-CC
I1.28B alleles — had rates of SVR12 similar to patients with-
out these characteristics. In patients who had been previ-
ously treated for HCV infection, the nature of the prior
response was not associated with significant differences in
rates of SVR following treatment with sofosbuvir and riba-
virin; patients who had nonresponse to prior treatment
had similar response rates as patients who had previously
experienced relapse or viral breakthrough. No clear or con-
sistent baseline predictors of treatment failure were evident
among the five patients who relapsed after treatment.

The current standard-of-care treatment for Japanese
patients with chronic genotype 2 HCV infection is 24 weeks
of Peg-IFNz+RBV, Although patients who received this regi-
men in clinical trials achieved SVR12 rates ranging from
72% to 86%, these studies were restricted to patients
<65 years of age [12,13]. However, the Japanese population
chronically infected with genotype 2 HCV includes many
patients with characteristics that make the use of interferon-
based therapy problematic — older age, progressive liver dis-
ease, prior treatment experience and comorbid conditions
such as diabetes and cardiovascular disease [14]. Moreover,
many patients cannot receive interferon therapy due to rela-
tive or absolute contraindications. The interferon-free com-
bination of sofosbuvir and ribavirin may represent a
promising treatment option for these patients.

Given the characteristics of the patient population in
Japan with HCV infection ~ generally older, and more
likely to have advanced liver disease — safety and tolerabil-
ity of therapeutic regimens is an important issue. In the
present study, 22% of patients were aged 65 or older and
11% had cirrhosis. Analyses of safety data by age (<65 vs
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>65 years) showed increases in reported adverse events
and laboratory abnormalities in older patients, but these
differences did not present a barrier to treatment as no pre-
mature discontinuation ol study treatment occurred in any
patient. Analysis ol safety data according to the presence
or absence of cirrhosis did not indicate clinically important
differences in salety or tolerability of the 12-week solosbu-
vir plus ribavirin regimen.

Consistent  with previous reports, the results of this
study confirm the high barrier to resistance afforded by
the sofosbuvir plus RBV treatment regimen. Rapid viral
suppression was observed with all patients achieving HCV
RNA undetectable status by week 4, with no virologic
breakthrough observed during treatment in any of the
153 patients. The percentage of patients who relapsed
alter treatment was low (3%), and none of the subjects
who relapsed had S282T or other nucleoside inhibitor
resistance-associated variants. No change in susceptibility
to sofosbuvir or ribavirin compared with the correspond-
ing baseline or wild-type reference was observed at the
relapse time point.

The main limitation of this study was the lack of a con-
trol arm to allow direct comparison with interferon-based
regimens. Several considerations guided our choice of an
uncontrolled study design, Adding an interferon-based con-
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Aim: The efficacy and safety of simeprevir in combination
with peginterferon-o-2b and ribavirin (PEG IFN-a-2b/RBV)
were investigated in patients infected with hepatitis C virus
(HCV) genotype 1 who were treatment-naive or had previ-
ously received interferon (IFN)-based therapy.

Methods: CONCERTO-4 (NCT01366638) was an open-label,
non-comparative, multicenter study of once-daily simeprevir
(TMC435) 100 mg in combination with PEG IFN-0-2b/RBV
in treatment-naive and -experienced patients (prior relapsers
or non-responders to IFN-based therapy) with chronic HCV
genotype 1 infection. Twelve-week combination treatment
was followed by 24/48-week response-guided PEG IFN-0-2b/
RBV therapy for treatment-naive patients and prior relapsers,
and 48-week PEG IFN-0-2b/RBV therapy for prior non-
responders. Patients were followed for 72 weeks after treat-
ment initiation. The proportions of patients with sustained
viral response (SVR; undetectable HCV RNA) at treatment end
and 12 weeks after the last treatment (SVR12) were among
the major efficacy end-points. Safety, including adverse
events (AE), was monitored.

Results: Of the 79 patients treated, the proportion achieving
SVR12 was highest among treatment-naive patients (91.7%)
and prior relapsers (100%) versus 38.5% of prior non-
responders. All treatment-naive patients and prior non-
responders who achieved SVR12 also achieved SVR at
treatment end and 24 weeks after last dose; 96.6% of prior
relapsers achieved both end-points. Most AE were of grade 1
or 2 severity. Grade 3 AE occurred in 17 patients, most
frequently neutropenia (6.3%).

Conclusion: Simeprevir combined with PEG IFN-0-2b/RBV
was effective in patients infected with HCV genotype 1,
both for initial treatment of naive patients and for
retreatment of patients in whom previous IFN-based therapy
had failed.

Key words: chronic hepatitis C, direct-acting antiviral,
protease inhibitor, simeprevir (TMC435), sustained virologic
response
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