Johnson et al

Newcastle upon Tyne NHS Foundation Trust, The Freeman Hospital, Newcastle upon Tyne; James O’Beirne, The Sheila Sherlock Liver
Centre, Royal Free Hospital, London; Richard Fox and Anna Skowronska, School of Cancer Sciences, University of Birmingham,
Birmingham, United Kingdom; Chiaki Kagebayashi and Shinji Satomura, Wako Life Sciences, Mountain View, CA; Rebecca Miksad, Beth
Israel Deaconess Medical Center, Institute for Technology Assessment, Massachusetts General Hospital, and Harvard Medical School, Boston,
MA; Winnie Yeo, Frankie Mo, and Stephen L. Chan, State Key Laboratory in Oncology in South China, Sir Y. K. Pao Centre for Cancer,
Chinese University of Hong Kong, Hong Kong Cancer Institute; Paul Lai, Prince of Wales Hospital, Chinese University of Hong Kong, Hong
Kong, China; Mercedes Ifiarrairaegui and Bruno Sangro, Clinica Universidad de Navarra, and Centro de Investigacion Biomedica en Red de
Enfermedades Hepaticas y Digestivas, Pamplona, Spain; Toshifumi Tada, Takashi Kumada, and Hidenori Toyoda, Ogaki Municipal Hospital,
Ogaki, Gifu, Japan.

558  © 2014 by American Society of Clinical Oncology JOURNAL OF CLINICAL ONCOLOGY
Information downloaded from jco.ascopubs.org and provided by at HIROSHIMA DAIGAKU on February 17, 2016 from
Copyright © 2015 American Sodigdy4df 93irtigal Oncology. All rights reserved.



Liver Function in Patients With HCC

AUTHORS' DISCLOSURES OF POTENTIAL CONFLICTS OF INTEREST

Assessment of Liver Function in Patients With Hepatocellular Carcinoma: A New Evidence-Based Approach—The ALBI Grade

The following represents disclosure information provided by authors of this manuscript. All relationships are considered compensated. Relationships are
self-held unless noted. I = Immediate Family Member, Inst = My Institution. Relationships may not relate to the subject matter of this manuscript. For more
information about ASCO’s conflict of interest policy, please refer to www.asco.org/rwe or jo.ascopubs.org/site/ifc.

Philip J. Johnson

Honeoraria: Bayer

Consulting or Advisory Role: Astellas

Travel, Accommodations, Expenses: Bayer, Wako Life Sciences

Sarah Berhane
No relationship to disclose

Chiaki Kagebayashi
Employment: Wako Life Sciences

Shinji Satomura
Employment: Wako Life Sciences

Mabel Teng
No relationship to disclose

Helen L. Reeves
No relationship to disclose

James O’Beirne
Speakers’ Bureau: Gilead Sciences
Travel, Accommodations, Expenses: Bristol-Myers Squibb

Richard Fox
No relationship to disclose

Anna Skowronska
No relationship to disclose

Daniel Palmer
Honoraria: Bayer, Celgene, Astellas Pharma
Consulting or Advisory Role: Bayer, Celgene, Astellas Pharma

Winnie Yeo
Honoraria: Roche

Consulting or Advisory Role: Novartis, GlaxoSmithKline, Boehringer
Ingelheim, Eisai, Pfizer

www.jco.org

Frankie Mo
No relationship to disclose

Paul Lai
Consulting or Advisory Role: Novartis

Mercedes Ifiarrairaegui
No relationship to disclose

Stephen L. Chan
No relationship to disclose

Bruno Sangro

Consulting or Advisory Role: Bayer Schering Pharma, Sirtex Medical,
MedImmune, Bristol-Myers Squibb, Transgene, Guerbet

Speakers’ Bureau: Bayer Schering Pharma, Sirtex Medical

Travel, Accommodations, Expenses: Bayer Schering Pharma, Sirtex
Medical, Gilead Sciences

Rebecca Miksad

Consulting or Advisory Role: Optum Insight, Acceleron Pharma, Onyx
Research Funding: Bayer/Onyx (Inst), NewLink (Inst), Genentech
(Inst), Daiichi Sankyo (Inst), ArQule (Inst), Acceleron Pharma (Inst)

Toshifumi Tada
No relationship to disclose

Takashi Kumada
No relationship to disclose

Hidenori Toyoda
No relationship to disclose

© 2014 by American Society of Clinical Oncology

Information downloaded from jco.ascopubs.org and provided by at HIROSHIMA DAIGAKU on February 17, 2016 from
Copyright © 2015 American Sodiddy4df. @3irtiBal Oncology. All rights reserved.



Johnson et al

Acknowledgment

We gratefully acknowledge the help of all those who contributed to the collection of the data sets used in this study. From Hong Kong, Jane
Koh played a major role in data collection and tabulation, and similar roles were fulfilled by Sara Carrillo and Janet Morse in Pamplona and
Birmingham, respectively. The US data abstraction team included Atinuke Babalola, Ugonna Nwosu, Olubunmi Oladunjoye, and Bethany
Burns. We also thank all those who played roles in managing the patients in this study, including the Newcastle upon Tyne Hospitals National
Health Service Foundation Trust and the Queen Elizabeth Hospital University Trust multidisciplinary teams. Additional support for data
collection and analysis came from the Biomedical Research Unit at the University of Birmingham and Liverpool Health Partners. Finally, we are
indebted to Pfizer and Bristol-Myers Squibb who generously gave us access to data from studies in which they acted as sponsor.

Appendix

Table At1. Univariable Analysis of Whole Japan Cohort

Variable HR SE z P>z 95% Cl of HR

Tumor size, cm
numbe

Abbreviations: HR, hazard ratio; INR, international normalized ratio.
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Table A2. Multivariable Cox Regression Using Stepwise Forward Selection of Variables (entire Japanese cohort)
Variable HR SE

z P>z 95% Cl

Tumor size 3-5 cm
Macroscopic vascular invasion

0.84 5.04 <.001 2.12105.55
Albumin, g/L 0.013 ~6.92 <.001 0.88100.93
Turmor number 0.057 4.08 < .001 11010 1.33
Log, bilirubin 0.77 2.55 .01 1.21t04.44

Age

003810 1.04

Tumor size > 10 cm

Albumin, g/L 0.91 0.022 —4.07 < .001 0.87100.95
Log,o bilirubin 10.25 5.52 432 <.001 3.56 10 29.48

Stage 1!
Logyo bilirubin < .001 1.4810 3.56
Albumin, g/L <.001 0.88100.92
Age 1.011t0 1.04
Sex {male) 1.03101.68

' Stage IV
Log4o bilirubin 3.13 0.76 4.72 <.001 1.95105.02
Albumin, g/L 0.95 0.012 —4.44 <.001 0.92100.97

Abbreviation: HR, hazard ratio.

Median survival,
1.0 Cohort n months (95% Cl)
== Europe 2,168 17.8 (16.3 to 19.1)
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Fig A1. Kaplan-Meier curves showing survival in the Japanese, European, Chinese, and US cohorts.
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Fig A2. Application of the Albumin-Bilirubin (ALBI) model to the training and validation sets. Kaplan-Meier curves depicting survival according to ALBI and Child-Pugh
(C-P) grade in the {A and B) Japanese training set and (C and D) validation set.
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Fig A3. Heat map for rapid assessment of the Albumin-Bilirubin (ALBI) grade.
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Abstract

Liver fibrosis remains an important risk factor for hepatocarcinogenesis in patients with
chronic hepatitis C even after the eradication of hepatitis C virus (HCV). However, itis diffi-
cult to estimate liver fibrosis based on liver biopsy after the eradication of HCV. We investi-
gated the ability of laboratory indices to predict liver fibrosis in patients with sustained
virologic response (SVR) to antiviral therapy. Three laboratory liver fibrosis indices (aspar-
tate aminotransferase-platelet ratio index (APRI), FIB-4 index, and Forns index) were cal-
culated based on data at the time of initial pretreatment liver biopsy and at second liver
biopsy performed approximately 5 years after SVR in 115 patients who underwent serial
liver biopsies. The indices at the time of initial biopsy were compared to histological degree
of liver fibrosis in initial biopsy, and laboratory indices at the time of second liver biopsy
were compared to the degree of fibrosis in second biopsy. In both comparisons, there
were significant increases in all 3 indices with the increase of liver fibrosis grade as
assessed in liver biopsy specimens. All 3 indices at the time of second biopsy were able to
predict moderate to advanced (METAVIR score F2-4) and advanced (F3-4) fibrosis on
liver biopsy, with the area under the receiver-operating characteristics curve >0.8 and the
accuracy >70%. All 3 laboratory indices of fibrosis accurately reflected liver fibrosis in
patients with SVR for 5 years despite the normalization of serum liver transaminase activ-
ity and the lack of liver inflammation.

Introduction

Chronic hepatitis C virus (HCV) infection is a major cause of cirrhosis and hepatocellular car-
cinoma (HCC) [1-3]. Chronic infection with HCV induces the progression of liver fibrosis,
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which results in the development of cirrhosis and HCC. The eradication of HCV with antiviral
therapy, defined as a sustained virologic response (SVR), will prevent the progression of
chronic hepatitis and associated complications [4]. Several studies have reported that achieve-
ment of SVR results in the resolution of liver fibrosis [5-7] and a decreased incidence of HCC
[8~12]. However, HCC sometimes develops in patients who achieve SVR [13~17], indicating
the necessity of continuous surveillance for HCC even after HCV eradication.

Several previous studies have reported that the degree of liver fibrosis is closely associated
with the risk of HCC development in chronic hepatitis C patients [10]. Since liver fibrosis
remains even after the eradication of HCV, albeit with gradual resolution after SVR, accurate

‘and serial estimation of liver fibrosis is desirable even after HCV eradication. However, per-

forming repeated liver biopsies to evaluate liver fibrosis after SVR is difficult and impractical.

Recently, several laboratory indices of liver fibrosis have been reported [18-27]. The accu-
racy of these indices in predicting liver fibrosis has been studied in patients with persistent
HCYV infection. However, whether these indices can identify mild and severe liver fibrosis in
patients after the eradication of HCV, in whom serum transaminase activity usually normalizes
and liver fibrosis resolves slowly, has not been clarified.

In the present study, we evaluated the accuracy of 3 laboratory liver fibrosis indices, i.e.,
aspartate aminotransferase-platelet ratio index (APRI), FIB-4 index, and Forns index, as mark-
ers of liver fibrosis in patients who achieved SVR and underwent liver biopsies 5 years after
HCV eradication.

Patients and Methods
Study Patients

A total of 348 consecutive patients with chronic HCV infection received interferon (IFN)-
based antiviral therapy (IFN monotherapy, IFN plus ribavirin combination therapy, or pegin-
terferon (PEG-IFN) plus ribavirin combination therapy) between 1992 and 2008 at Komaki
City Hospital. Patients were excluded if they had antibodies against human immunodefi-
ciency virus or hepatitis B virus surface antigen, excessive active alcohol consumption (daily
intake > 40 g of ethanol) or drug abuse, or other forms of liver disease (e.g., autoimmune hep-
atitis, alcoholic liver disease, or hemochromatosis). We excluded 56 patients from the study
due to a previous history of HCC. There were 178 patients who achieved SVR, defined as
undetectable serum HCV RNA 24 weeks after the completion of antiviral therapy with a real-
time PCR assay (COBAS TagMan HCV test; Roche Molecular Systems: Pleasanton, CA,
USA; lower limit of detection, 1.2 log;o IU/mL). Of the patients who achieved SVR, 40
patients did not undergo serial biopsies, due to the lack of a pretreatment biopsy (n = 2),
death from gastric cancer after SVR (n = 1), or loss to follow-up either by transferring to
another hospital or dropping out of the study within 5 years after SVR (n = 37). The remain-
ing 138 patients were scheduled for a protocol-driven second biopsy that was planned
approximately 5 years after SVR to investigate changes in liver fibrosis associated with the
eradication of HCV, but 20 patients did not provide consent for the second biopsy. Thus, 118
patients underwent the protocol-driven second biopsy, but 3 patients were excluded from the
study due to the development of HCC during the follow-up period. Ultimately, 115 patients
who achieved SVR were analyzed in the present study (Fig 1).

The entire protocol was approved by the institutional review board of Komaki City Hospital
and was carried out in compliance with the Declaration of Helsinki. Written informed consent
for liver biopsy and utilization of clinical data was obtained from all patients at the time of the
initial and second biopsies.

PLOS ONE | DOI:10.1371/journal.pone.0133515 July 27, 2015 2/12
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Fig 1. Study flow diagram.
doi:10.1371/journal.pone.0133515.g001

Calculation of Laboratory Liver Fibrosis Indices

Blood samples were collected after overnight fasting on the same day as the initial liver biopsy
(pretreatment), on the same day as the determination of SVR at 24 weeks after completion of
therapy (SVR24), and on the same day as the second biopsy (more than 5 years after therapy).
The following values were obtained through serum sample analysis: aspartate aminotransferase
(AST), alanine aminotransferase (ALT), gamma-glutamyl transpeptidase (GGTP), platelet
count, and cholesterol.

The APRI [18] was calculated as

(AST [IU/L] / upper limit of normal AST [TU/L]) x 100 / platelet count [10°/L].

The FIB-4 index [19, 20] was calculated as

AST [TU/L] x age [years]/ platelet count [10°/L] x ALT [TU/L]"2.

The Forns index [21] was calculated as

7.811-3.131"In(platelet count [10°/L]) + 0.781*In(GGT [IU/L]) + 3.467 In(age)- 0.014"
(cholesterol [mg/dL]).

Histologic Evaluation

The initial biopsy was performed within 2 weeks of the commencement of antiviral therapy,
and the second biopsy was performed 5.9 + 1.8 years after the initial biopsy. Ultrasound-

PLOS ONE | DOI:10.1371/journal.pone.0133515 July 27,2015 3/12
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guided, percutaneous needle liver biopsy was performed with a 16-G disposable needle (Bard
MAGNAM; C.R. Bard, Murray Hill, New Jersey, USA) in all patients. The median liver biopsy
length was 28 mm. The specimens were stained with Hematoxylin-Eosin, Azan, and Gitter
stains. A single pathologist, who was blinded to the clinical data, evaluated all the liver biopsy
samples. Fibrosis staging scores were assigned according to the METAVIR criteria [28]. Fibro-
sis was staged on a scale of 0 to 4: FO (no fibrosis), F1 (portal fibrosis without septa), F2 (few
septa), F3 (numerous septa without cirrhosis), or F4 (cirrhosis).

Statistical Analysis

Quantitative values are reported as means + SD. Differences in means were analyzed using
Student’s t test. Changes in the distribution of the liver fibrosis grade between the initial and
second liver biopsies were analyzed with the Cochran-Armitage test. Changes in the fibrosis
indices with the increase in the liver fibrosis grade were analyzed with Jonckheere-Terpstra

" test. The predictive performance of the 3 indices was assessed using receiver-operating char-

acteristics (ROC) analysis; the area under the ROC curve (AUROC) was calculated. The point
at which the Youden index (sensitivity + specificity- 1) was maximized was used as the cut-
off value for each index. Sensitivity, specificity, positive predictive value (PPV), negative pre-
dictive value (NPV), and accuracy were calculated for identifying morerate/advanced liver
fibrosis (METAVIR F2-4) and advanced liver fibrosis (METAVIR F3-4). Data analysis was
performed using JMP statistical software, version 10 (Windows version; SAS Institute, Cary,
NC, USA). All P values were derived from 2-tailed tests, with p <0.05 accepted as statistically
significant.

Results

Patients Characteristics and Changes in Laboratory Data, Liver Fibrosis
Indices, and Liver Histology between Pretreatment Initial Biopsy and
Second Biopsy After SVR

pretreatment initial biopsy and the second liver biopsy 5 years after the achievement of SVR.
Patients consisted of 70 (60.9%) males and 45 (39.1%) females, with a mean age of 58.7 £ 9.7
years at initial biopsy. Serum AST, ALT, and GGTP levels were significantly lower at the time
of the second biopsy than at the time of the initial biopsy (p<0.0001 for all comparisons).
Platelet count and serum total cholesterol levels at the time of the second biopsy was signifi-
cantly higher than values during the initial biopsy (p<0.0001 for both comparisons).

Regarding liver fibrosis indices, all 3 indices (APRI, FIB-4 index, Forns index) were signifi-
cantly lower at the time of the second biopsy compared to the time of the initial biopsy
(p<0.0001 for all comparisons). There was a shift toward lower histological fibrosis grades in
the second biopsy compared to the initial biopsy (p<0.0001). As for patients with advanced
fibrosis (F3-4), fibrosis grade decreased from F3 to F1 in one patient, from F3 to F2 in two
patients, and from F4 to F3 in one patient at the second biopsy from the pretreatment initial
biopsy. In contrast, fibrosis grade increased from F2 to F3 in two patients, F2 to F4 in two
patients, and F3 to F4 in one patient at the second biopsy from the pretreatment initial biopsy.
Among these 5 patients in whom liver fibrosis progressed, one patient had diabetes and 3
patients had obesity (body mass index >25.0). No patients had habitual alcohol intake. Hepatic
steatosis was observed at second biopsy in 4 patients.

PLOS ONE | DOI:10.1371/journal.pone.0133515  July 27,2015 4/12
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Table 1. Characteristics of the study patients and changes in laboratory data associated with SVR (n = 115). SVR, sustained virologic response;
HCV, hepatitis C virus; APRI, aspartate aminotransferase-platelet ratio index.

Characteristic At initial pretreatment biopsy” At second biopsy after SVR®
Age (years) : 58.7 +9.7 i 64.4 £9.3

HCV genotype (1b/ 2a or 2b)" 73 (66.4) / 37 (33.6) ' —
I

Gamma-glutamyl transpeptidase (IU/L) 53.4 +60.1 29.0+25.9

Serum cholesterol (mg/dL)

Liver fibrosis (FO / F1 / F2 / F3 / F4)° - 3(26)/66 (57.4)/31 (27.0)/ 12 (10.4) / 3 (2.6) 29 (25.2) /61 (53.0) /9 (7.8) / 11 (9.6) / 5 (4.4)

THCV genotype was not assessed in 5 patients.

2 28B polymorphism was not assessed in 18 patients.

3Based on the METAVIR scoring system.

“4At the time of the initial liver biopsy, before antiviral therapy.

SAt the time of the second liver biopsy, more than 5 years after the determination of SVR. Among 12 patients with F3 fibrosis at the pretreatment initial
biopsy, fibrosis grade decreased to F1 in one patient and F2 in two patients at the second biopsy. Among 3 patients with F4 fibrosis at the pretreatment
initial biopsy, fibrosis grade decreased to F3 in one patient at the second biopsy. Among 11 patients with F3 fibrosis at the second biopsy, fibrosis grade
was F2 at the pretreatment initial biopsy and increased in two patients. Among 5 patients with F4 fibrosis at the second biopsy, fibrosis grade was F2 in
two patients and F3 in one patient at the pretreatment initial biopsy.

doi:10.1371/journal.pone.0133515.1001

Association of Laboratory Liver Fibrosis Indices Calculated at the Time
of the Pretreatment Initial Liver Biopsy with Histological Liver Fibrosis
Grade and Predictive Performances for Moderate to Advanced (F2-4)
and Advanced (F3-4) Fibrosis

There were significant increases in all 3 laboratory liver fibrosis indices calculated at the time of
the pretreatment initial liver biopsy along with the increase in the histological liver fibrosis
grade of the initial liver biopsy (all, p<0.0001; Fig 2). The ROC analysis for each fibrosis index
in identifying moderate/advanced (F2-4) and advanced (F3-4) liver fibrosis (Fig 3) showed that

¥4

Liver fibrosis grade

Fig 2. Laboratory liver fibrosis indices calculated on data at the time of the pretreatment initial liver
biopsy based on the histological fibrosis in the initial biopsy. (A) The aspartate aminotransferase-
platelet ratio index (APRI), (B) FIB-4 index, and (C) Forns index. There are significant increases of all 3
indices with the increase in histological liver fibrosis (all, p< 0.0001).

doi:10.1371/journal pone.0133515.g002
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Fig 3. Receiver-operating characteristics (ROC) analysis of laboratory indices of liver fibrosis
calculated with laboratory data at the time of the pretreatment initial liver biopsy for identifying
moderate to advanced fibrosis (F2-4, upper panel) and advanced fibrosis (F3-4, lower panel) of the
liver in the initial biopsy. (A) The aspartate aminotransferase-platelet ratio index (APRI), (B) FIB-4 index,
and (C) Forns index. Vertical axis, Sensitivity; horizontal axis, 1 —specificity.

doi:10.1371/journal.pone.0133515.g003

all 3 indices had good predictive ability for both moderate/advanced and advanced liver fibrosis
with AUROC:s above 0.7 and with the accuracy above 70% (Tables 2 and 3). Although there
were minor differences in the sensitivity, specificity, PPV, NPV, and accuracy between the 3
indices, their ability to predict moderate/advanced and advanced fibrosis was comparable.

Association of Laboratory Liver Fibrosis Indices Calculated at the
Second Liver Biopsy 5 Years after SVR with Histological Liver Fibrosis
Grade and Predictive Performances for Moderate to Advanced (F2-4)
and Advanced (F3-4) Fibrosis

There were significant increases in all 3 laboratory liver fibrosis indices calculated on the data
at the second liver biopsy 5 years after SVR, i.e., eradication of HCV, along with the increase in
the histological liver fibrosis grade of the post-SVR second liver biopsy (all, p<0.0001; Fig 4).
The ROC analysis for each fibrosis index in identifying moderate/advanced (F2-4) and
advanced (F3-4) liver fibrosis (Fig 5) showed that all 3 indices had good predictive ability for
both moderate/advanced and advanced liver fibrosis of the pretreatment liver with AUROCs
above 0.8 and with the accuracy above 70%, except for FIB-4 index for the prediction of

Table 2. Parameters associated with the use of 3 laboratory indices of liver fibrosis calculated on data at the time of the initial liver biopsy prior to
interferon-based therapy for differentiating moderate to advanced histological liver fibrosis (METAVIR F2-4) from mild liver fibrosis (METAVIR
F0-1) of the liver on initial biopsy (n = 115). APRI, aspartate aminotransferase-platelet ratio index; AUROC, Area under the ROC curve; PPV, positive pre-
dictive value; NPV, negative predictive value.

Fibrosis marker AUROC Cut-off Youden index Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy
: £ 0.7262 587 65.9 743 71.3

0.8088
doi:10.1371/journal.pone.0133515.t002

Forns index
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Table 3. Parameters associated with the use of 3 laboratory indices of liver fibrosis calculated on data at the time of the initial liver biopsy prior to
interferon-based therapy for differentiating advanced histological liver fibrosis (METAVIR F3-4) from mild to moderate liver fibrosis (METAVIR
F0-2) of the liver on initial biopsy (n = 115). APRI, aspartate aminotransferase-platelet ratio index; AUROC, Area under the ROC curve; PPV, positive pre-
dictive value; NPV, negative predictive value.

Fibrosis marker AUROC Cut-off Youden index Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy
APRI 73.3 72.0

Foms index 0.8400 7.56 0.6933 86.7 76.0- 35.1 97.4 77.4
doi:10.1371/journal.pone.0133515.1003

B OFL F2 F3 F4 Fo FY P2 F3 P4

Liver fibrosis grade

Fig 4. Laboratory liver fibrosis indices calculated on data at the time of post-SVR second liver biopsy
(5 years after SVR) based on the histological fibrosis in the post-SVR second biopsy. (A) The aspartate
aminotransferase-platelet ratio index (APRI), (B) FIB-4 index, and (C) Forns index. There are significant
increases of all 3 indices with the increase in histological liver fibrosis (all, p< 0.0001). SVR, sustained
virologic response

doi:10.1371/journal.pone.0133515.g004
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Fig 5. Receiver-operating characteristics (ROC) analysis of laboratory indices of liver fibrosis
calculated with laboratory data at post-SVR second liver biopsy for identifying moderate to advanced
fibrosis (F2—-4, upper panel) and advanced fibrosis (F3-4, lower panel) of the liver in the second liver
biopsy. (A) The aspartate aminotransferase-platelet ratio index (APRI), (B) FIB-4 index, and (C) Forns index.
Vertical axis, Sensitivity; horizontal axis, 1 —specificity. SVR, sustained virologic response

doi:10.1371/journal.pone.0133515.g005
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Table 4. Parameters associated with the use of 3 laboratory indices of liver fibrosis calculated on data at the time of the second liver biopsy (more
than 5 years after SVR) for differentiating moderate to advanced histological liver fibrosis (METAVIR F2-4) from mild liver fibrosis (METAVIR F0-1)
of the liver on the post-SVR second biopsy (n = 115). SVR, sustained virologic response; APRI, aspartate aminotransferase-platelet ratio index; AUROC,
Area under the ROC curve; PPV, positive predictive value; NPV, negative predictive value.

Fibrosis markers AUROC Cut-off Youden index Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy

E

Foms index - 0.8604
doi:10.1371/journal.pone.0133515.1004

5.97

Table 5. Parameters associated with the use of 3 laboratory indices of liver fibrosis calculated on data at the time of the second liver biopsy (more
than 5 years after SVR) for differentiating advanced histological liver fibrosis (METAVIR F3-4) from mild to moderate liver fibrosis (METAVIR F0-2)
of the liver on the post-SVR second biopsy (n = 115). SVR, sustained virologic response; APRI, aspartate aminotransferase-platelet ratio index; AUROC,
Area under the ROC curve; PPV, positive predictive value; NPV, negative predictive value.

Fibrosis markers AUROC Cut-off Youden index Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy

Forns index 0.8567 6.07 0.6042 7 93.8 ) 66.7 31.3 98.5 70.4

doi:10.1371/journal.pone.0133515.1005

advanced fibrosis (67.8%) (Tables 4 and 5). Although there were minor differences in the sensi-
tivity, specificity, PPV, NPV, and accuracy between the 3 indices, their ability to predict moder-
ate/advanced and advanced fibrosis was comparable.

Discussion

The emergence of new direct-acting antiviral drugs against HCV will dramatically increase the
number of patients who achieve SVR [29-32]. Consequently, there will be an increase in the
number of patients who develop HCC after SVR in the near future. Several previous studies
have reported residual liver fibrosis as an important risk factor of the development of HCC
after the eradication of HCV [13-16]. In addition, our previous study revealed that continuous
progression of liver fibrosis was observed even after the eradication of HCV in some patients,
and that the likelihood of developing HCC was higher in these patients [33]. Therefore, contin-
ued monitoring of liver fibrosis status after the achievement of SVR will be preferable in the
management of this patient subpopulation.

Liver biopsy is the gold standard for assessing liver fibrosis [34]. However, it is associated
with rare but lethal complications [35], and it is impractical to perform serial liver biopsies
after the achievement of SVR. Several surrogate markers for liver fibrosis have been investi-
gated in patients with chronic hepatitis C. Although these markers were confirmed to reflect
liver fibrosis in patients with persistent HCV infection, their performances in predicting liver
fibrosis in patients who achieved SVR remains unclear. Whereas fibrosis is progressive in
patients with persistent HCV infection, fibrosis is usually resolving in patients who have
achieved SVR [5-7]. In addition, serum AST and ALT activity is usually normal in patients
after achieving SVR. Given these conditions, do these laboratory indices of liver fibrosis retain
the ability to predict liver fibrosis?

In the present study, we estimated the accuracy of 3 laboratory fibrosis indices, APRI, FIB-4
index, and Forns index, before and after antiviral therapy in patients who ultimately achieved
SVR. Our analysis of the associations between histological liver fibrosis and laboratory indices
at the time of the initial pretreatment liver biopsy, corresponding to conditions during persis-
tent HCV infection, confirmed the ability of these 3 indices to predict liver fibrosis as
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previously reported. For all 3 indices, the AUROC for identifying moderate/advanced liver
fibrosis (F2-4) was greater than 0.70 and greater than 0.75 for identifying advanced liver fibro-
sis (F3-4).

All 3 indices calculated based on laboratory data from the time of the second liver biopsy
were also strongly associated with histological findings of liver fibrosis 5 years after the eradica-
tion of HCV. The AUROC: for identifying mild liver fibrosis were more than 0.80, and more
than 0.75 for severe liver fibrosis, which indicates that these 3 indices can predict moderate/
advanced or advanced liver fibrosis, and can be used to estimate liver fibrosis in the long-term
after the eradication of HCV, when liver inflammation is usually absent with normal transami-
nase activity and liver fibrosis is regressing. A recent study by Degasperi et al. [36] reported low
predictive values of these fibrosis indices with 0.5 to 0.6 of AUROC in the analysis of 20
patients who achieved SVR. In contrast, our study with larger number of patients showed the
ability of these indices to predict both moderate/advanced and advanced liver fibrosis 5 years
after the achievement of SVR.

Interestingly, all 3 evaluated laboratory fibrosis indices have comparable ability for predicting
liver fibrosis; no index was clearly more or less useful. Although the cut-off values for APRI were
markedly lower for laboratory data from the time of the second liver biopsy after SVR due to the
normalization of serum transaminase activity, they retained the ability to identify mild and
severe fibrosis. This was also observed for the FIB-4 and Forns indices. The formula for the FIB-
4 index includes patient age. Although the age of the patients had increased at the second liver
biopsy 5 years after SVR, the cut-off levels for identifying moderate/advanced and advanced
fibrosis both decreased. However, based on the results of the present study, Forns index may be
the best when considering the application of these indices for the estimation of liver fibrosis in
both patients with persistent HCV infection (i.e., pretreatment) and patients after the eradication
of HCV, because Forns index showed more than 0.8 AUROC for all analyses.

The retention of the ability of these laboratory indices of liver fibrosis to predict histological
findings of liver fibrosis suggests that the regression of liver fibrosis can be evaluated without
invasive liver biopsies after the eradication of HCV. In addition, estimation of liver fibrosis as
surveillance for HCC after SVR may provide information on the risk of HCC development in
individual patients within this subpopulation. Therefore, these laboratory indices of liver fibro-
sis will be useful not only during persistent HCV infection but also after HCV eradication.

However, there is important weakness of these indices of laboratory liver fibrosis. The cut-
off values of these indices, especially APRI, to predict moderate to advanced fibrosis or
advanced fibrosis were largely different between pretreatment initial biopsy and post-treatment
second biopsy. This is owing to the rapid normalization of serum AST, ALT, and GGTP levels
with the eradication of HCV. Therefore, it would be difficult to evaluate serial changes liver
fibrosis before and after the eradication of HCV directly using these laboratory indices,
although changes in the grade of liver fibrosis can be compared before and after the eradication
of HCV after the prediction of fibrosis grade using laboratory liver fibrosis indices. Further
studies will be necessary for the stability of the cut-off values of these laboratory indices after
SVR for the prediction of liver fibrosis based on the duration after the eradication of HCV, and
for the ability of these indices to predict serial changes of liver fibrosis after SVR directly.

There are several limitations in this study. The number of study patients was not very large.
This was due to the difficulty in obtaining informed consent for invasive liver biopsies among
patients who have achieved SVR. In addition, percentage of patients with cirrhosis was low.
This was because IFN-based antiviral therapy is not covered by the Japanese National Medical
Insurance System for patients who had cirrhosis at the start of the antiviral therapy. The confi-
dence intervals of cut-offs of these laboratory indices to predict histological moderate/advanced
and advanced fibrosis after SVR were not evaluated due to the lack of validation study. The
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validation study would be necessary to confirm the stability for these cut-offs, although it will
not be feasible to obtain the dataset for validation. In addition, other reported laboratory liver
fibrosis indices, including FibroIndex [22], Fibrometer [23], FibroTest [24], and Hepascore
[25], were not evaluated due to the lack of laboratory data needed to calculate these indices.
Evaluation of these markers in patients with SVR is necessary for determining the best labora-
tory markers for estimating the degree of liver fibrosis in patients after HCV eradication in the
future. Finally, it should be verified whether these laboratory indices can predict the risk of
developing HCC after SVR. Although several previous studies reported the grade of liver fibro-
sis as one of risk factors for HCC development after SVR in patients with HCV [13-16,37], the
usefulness of these laboratory indices of liver fibrosis measured after SVR in the assessment of
the risk of HCC development after SVR is to be clarified.

Conclusion

The laboratory fibrosis indices APRI, FIB-4 index, and Forns index can predict histological
moderate/advanced and advanced fibrosis in the liver even after HCV has been eradicated for

5 years, in addition to the livers with persistent HCV infection. These indices will remain useful
for estimating liver fibrosis after HCV eradication and may also be useful for assessing the risk
of developing HCC after SVR.

Supporting Information

§1 Table. Data at pretreatment biopsy: histological liver fibrosis grade (based on META-
VIR criteria), age (years), and laboratory data (AST [IU/L], ALT [IU/L], GGT [IU/L], cho-
lesterol [mg/dL], and platelet count [10°/L]) at pretreatment initial liver biopsy.

(XLSX)

S2 Table. Data at second biopsy after SVR: histological liver fibrosis grade (based on
METAVIR criteria), age (years), and laboratory data (AST [IU/L], ALT [IU/L], GGT [IU/
L], cholesterol [mg/dL}], and platelet count [10°/L)) at post-treatment second liver biopsy at
5 years after SVR.

(XLSX)

Author Contributions

Conceived and designed the experiments: YT HT. Performed the experiments: YT T. Hirai KH
MIHG T. Honda. Analyzed the data: HT TT TK. Wrote the paper: HT. Supervised the study:
HG TK.

References

1. El-Serag HB, Mason AC. Rising incidence of hepatocellular carcinoma in the United States. N Engl J
Med 1999; 340: 745-750. PMID: 10072408

2. Fattovich G, Giustina G, Degos F, Tremolada F, Diodati G, Aimasio P, et al. Morbidity and mortality in
compemsated cirrhosis type C: a retrospective follow-up study of 384 patients. Gastroenterology 1997;
112: 463-472. PMID: 9024300

3. Poynard T, Yuen MF, Ratziu V, Lai CL. Viral hepatitis C. Lancet 2003; 362: 2095-2100. PMID:
14697814 :
4. Singal AG, Volk ML, Jensen D, Di Bisceglie AM, Schoenfeld PS. A sustained viral response is associ-

ated with reduced liver-related morbidity and mortality in patients with hepatitis C virus. Clin Gastroen-
terol Hepatol 2010; 8: 280-288. doi: 10.1016/j.cgh.2009.11.018 PMID: 19948249

5. Marcellin P, Boyer N, Gervais A, Martinot M, Pouteau M, Castelnau C, et al. Long-term histologic
improvement and loss of detectable intrahepatic HCV RNA in patients with chronic hepatitis C and sus-
tained response to interferon-alpha therapy. Ann Intern Med 1997; 127: 875-881. PMID: 9382365

PLOS ONE | DOI:10.1371/journal.pone.0133515  July 27,2015 10/12



& PLOS | one

Laboratory Liver Fibrosis Indices after SVR

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

Shiffman ML, Hofmann CM, Thompson EB, Ferreira-Gonzalez A, Contos MJ, Koshy A, et al. Relation-
ship between biochemical, virological, and histological response during interferon treatment of chronic
hepatitis C. Hepatology 1997; 26: 780-785. PMID: 9303513

Shiratori Y, Imazeki F, Moriyama M, Yano M, Arakawa Y, Yokosuka O, et al. Histologic improvement of
fibrosis in patients with hepatitis C who have sustained response to interferon therapy. Ann Intern Med
2000; 132:517-524. PMID: 10744587

lkeda K, Saitoh S, Arase Y, Chayama K, Suzuki Y, Kobayashi M, et al. Effect of interferon therapy on
hepatocellular carcinogenesis in patients with chronic hepatitis type C: a long-term observation study of
1643 patients using statistical bias correction with proportional hazard analysis. Hepatology 1999; 29:
1124-1130. PMID: 10094956

Imai Y, Kawata S, Tamura S, Yabuuchil, Noda S, Inada M, et al. Relation of interferon therapy and
hepatocellular carcinoma in patients with chronic hepatitis C. Ann Intern Med 1998; 129: 94-99. PMID:
9669992

Yoshida H, Shiratori Y, Moriyama M, Arakawa Y, Ide T, Sata M, et al. Interferon therapy reduces the
risk for hepatocellular carcinoma: national surveillance program of cirrhotic and noncirrhotic patients
with chronic hepatitis C in Japan. Ann Intern Med 1999; 131: 174-181. PMID: 10428733

Kasahara A, Hayashi N, Mochizuki K, Takayanagi M, Yoshioka K, Kakumu S, et al. Risk factors for
hepatocellular carcinoma and its incidence after interferon treatment in patients with chronic hepatitis
C. Hepatology 1998; 27: 1394-1402. PMID: 9581697

Ogawa E, Furusyo N, Kajiwara E, Takahashi K, Nomura H, Maruyama T, et al. Efficacy of pegylated
interferon alpha-2b and ribavirin treatment on the risk of hepatocellular carcinoma of patients with
chronic hepatitis C: a prospective multicenter study. J Hepatol 2013; 58: 495-501. doi: 10.1016/j.jhep.
2012.10.017 PMID: 23099187

Ilwasaki Y, Takaguchi K, lkeda H, Makino Y, Araki Y, Ando M, et al. Risk factors for hepatocellular carci-
noma in Hepatitis C patients with sustained virologic response to interferon therapy. Liver Int 2004; 24:
603-610. PMID: 15566511

Tokita H, Fukui H, Tanaka A, Kamitsukasa H, Yagura M, Harada H, et al. Risk factors for the develop-
ment of hepatocellular carcinoma among patients with chronic hepatitis C who achieved a sustained
virological response to interferon therapy. J Gastroenterol Hepatol 2005; 20: 752-758. PMID:
15853990

lkeda M, Fujiyama S, Tanaka M, Sata M, Ide T, Yatsuhashi H, et al. Risk factors for development of
hepatocellular carcinoma in patients with chronic hepatitis C after sustained response to interferon. J
Gastroenterol 2005; 40: 148-156. PMID: 15770398

Makiyama A, ltoh Y, Kasahara A, Imai Y, Kawata S, Yoshioka K, et al. Characteristics of patients with
chronic hepatitis C who develop hepatocellular carcinoma after a sustained response to interferon ther-
apy. Cancer 2004; 101: 1616—-1622. PMID: 15378504

Aleman S, Rahbin N, Weiland O, Davidsdottir L, Hedenstierna M, Rose N, et al. A risk for hepatocellular
carcinoma persists long-term after sustained virologic response in patients with hepatitis C-associated
liver cirrhosis. Clin Infect Dis 2013; 57: 230-236. doi: 10.1093/cid/cit234 PMID: 23616492

Wai CT, Greenson JK, Fontana RJ, Kalbfleisch JD, Marrero JA, Conjeevaram HS, et al. A simple nonin-
vasive index can predict both significant fibrosis and cirrhosis in patients with chronic hepatitis C. Hepa-
tology 2003; 38: 518-526. PMID: 12883497

Sterling RK, Lissen E, Clumeck N, Sola R, Cassia Correa M, Montaner J, et al. Development of a simple
noninvasive index to predict significant fibrosis in patients with HIV/HCV coinfection. Hepatology 2006;
43:1317-1325. PMID: 16729309

Vallet-Pichard A, Mallet V, Nalpas B, Verkarre V, Nalpas A, Dhalluin-Venier V, et al. FIB-4: an inexpen-
sive and accurate marker of fibrosis in HCV infection. Comparison with liver biopsy and FibroTest.
Hepatolofy 2007; 46: 32-36.

Forns X, Ampurdanes S, Liovet JM, Aponte J, Quinto L, Martinez-Bauer E, et al. Identification of chronic
hepatitis C patients without hepatic fibrosis by a simple predictive model. Hepatology 2002; 36: 986
992. PMID: 12297848

Koda M, Matsunaga Y, Kawakami M, Kishimoto Y, Suou T, Murawaki Y. Fibrolndex, a practical index
for predicting significant fibrosis in patients with chronic hepatitis C. Hepatology 2007; 45: 297-306.
PMID: 17256741

Cales P, Oberti F, Michalak S, Hubert-Fouchard |, Rousselet M-C, Konate A, et al. A novel panel of
blood markers to assess the degree of liver fibrosis. Hepatology 2005; 42: 1373-1381. PMID:
16317693

Halfon P, Imbert-Bismut F, Messous D, Antoniotti G, Benchetrit D, Cart-Lamy P, et al. A prospective
assessment of the inter-laboratory variability of biochemical markers of fibrosis (Fibro Test) and activity
(Acti Test) in patients with chronic liver diseases. Comp Hepatol 2002; 1: 3. PMID: 12537583

PLOS ONE | DOI:10.1371/journal.pone.0133515 July 27, 2015 11/12



@PLOS j ONE

Laboratory Liver Fibrosis Indices after SVR

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.
36.

37.

Adams LA, Bulsara M, Rossi E, DeBoer B, Speers D, George J, et al. Hepascore: an accurate validated
predictor of liver fibrosis in chronic hepatitis C infection. Clin Chem 2005; 51: 1867—1873. PMID:
16055434

Sebastiani G, Vario A, Guido M, Noventa F, Plebani M, Pitis R, et al. Stepwise combination aigorithms
of non-invasive markers to diagnose significant fibrosis in chronic hepatitis C. J Hepatol 2006; 44:
686-693. PMID: 16490278

Guzelbulut F, Akkan Centinkaya Z, Sezikli M, Yasar B, Ozkara S, Kurdas Ovunc AO. AST-platelet ratio
index, Forns index and FIB-4 index in the prediction of significant fibrosis and cirrhosis in patients with
chronic hepatitis C. Turk J Gastroenterol 2011; 22: 279-285. PMID: 21805418

The French METAVIR Cooperative Study Group. Intraobserver and interobserver variations in liver
biopsy interpretation in patients with chronic hepatitis C. Hepatology 1994; 20: 15-20. PMID: 8020885

Lok AS, Gardiner DF, Lawitz E, Matrorell C, Everson GT, Ghalib R, et al. Preliminary study of two antivi-
ral agents for hepatitis C genotype 1. N Engl J Med 2012; 366: 216-224. doi: 10.1056/
NEJMoa1104430 PMID: 22256805

Gane EJ, Stedman CA, Hyland RH, Ding X, Svarovskaia E, Symonds WT, et al. Nucleotide polymerase
inhibitor sofosbuvir plus ribavirin for hepatitis C. N Engl J Med 2013; 34-44. doi: 10.1056/
NEJMoa1208953 PMID: 23281974

Lawitz E, Mangia A, Wyles D, Rodriguez-Torres M, Hassanein T, Gordon SC, et al. Sofosbuvir for previ-
ously untreated chronic hepatitis C infection. N Engl J Med 2013; 368: 1878-1887. doi: 10.1056/
NEJMoa1214853 PMID: 23607594

Zeuzem S, Soriano V, Asselah T, Bronowicki JP, Lohse AW, Mullhaupt B, et al. Faldaprevir and deleo-
buvir for HCV genotype 1 infection. N Engl J Med 2013; 369: 630-639. doi: 10.1056/NEJMoa1213557
PMID: 23944300

TachiY, Hirai T, Miyata A, Ohara K, lida T, Ishizu Y, et al. Progressive fibrosis significantly correlates
with hepatocellular carcinoma in patients with a sustained virological response. Hepatol Res 2015; 45:
238-246. doi: 10.1111/hepr.12331 PMID: 24655233

Gebo KA, Herlong HF, Torbenson MS, Jenckes MW, Chander G, Ghanem KG, et al. Role of liver
biopsy in management of chronic hepatitis C. Hepatology 2002; 36: S161-S172. PMID: 12407590

Bravo AA, Sheth SG, Chopra S. Liver biopsy. N Engl J Med 2001; 344: 495-500. PMID: 11172192

Degasperi E, Grassi E, Fraquelli M, Aghemo A, D’Ambrosio R, Colombo M. Low accuracy of non-inva-
sive tests for assessing residual cirrhosis in hepatitis C patients with a sustained virological response. J
Hepatol 2014; 60: S418-S419.

Toyoda H, Kumada T, Tada T, Kiriyama S, Tanikawa M, Hisanaga Y, et al. Risk factors for HCC devel-
opment in non-cirrhotic patients with sustained virologic response for chronic HCV infection. J Gastro-
enterol Hepatol (in press).

PLOS ONE | DOI:10.1371/journal.pone.0133515  July 27,2015 12/12









