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Supplementary Figure 1.

Selection flowchart of patients enrolled in this study.

960 HCV patients treated with DAAs

838 patients included in this analysis

122 patients excluded due to lack of

clinical data for analysis

HCC (+) group
79 patients
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759 patients
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Abstract

Direct-acting antiviral (DAA) treatment can achieve a high sustained virological
response (SVR) rate in patients with hepatitis C virus (HCV) infection regardless
of a history of hepatocellular carcinoma (HCC [+]). We examined 838 patients
(370 men, median age: 69 years) who were treated with DAAs for comparisons
of clinical findings between 79 HCC (+) (9.4%) and 759 HCC (-) (90.6%) patients
and associations with treatment outcome. Male frequency was significantly
higher in the HCC (+) group (60.8% vs. 42.4%, p = 0.006). There were
significant differences between the HCC (+) and HCC (-) groups for platelet
count (115 vs. 152 x10%L, p < 0.001), baseline AFP (9.9 vs. 4.5 ng/ml, p < 0.001),
and the established fibrosis markers of FIB-4 index (4.7 vs. 3.0, p <0.001), APRI
(1.1 vs. 0.7, p = 0.009), M2BPGi (3.80 vs. 1.78 COlI, p < 0.001), and autotaxin
(1.91 vs. 1.50 mg/L, p < 0.001). The overall SVR rate was 94.7% and
significantly lower in the HCC (+) group (87.3 vs. 95.5%, p = 0.001). Multivariate
analysis revealed that a history of HCC was independently associated with DAA
treatment failure (odds ratio: 3.56, 95% confidence interval: 1.32-9.57, p = 0.01).
In conclusion, patients with chronic HCV infection and prior HCC tended to

exhibit more advanced disease progression at DAA commencement. HCC (+)
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status at the initiation of DAAs was significantly associated with adverse

therapeutic outcomes. DAA treatment for HCV should therefore be started as

early as possible, especially before complicating HCC.



81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

Sugiura A et al.

1 Introduction

With an estimated 130-170 million people chronically infected
worldwide including 1.5 million cases in Japan, hepatitis C virus (HCV) infection
has become a global health concern, Chronic long-term HCV infection
eventually results in severe liver disease manifesting as advanced fibrosis,
cirrhosis, and hepatocellular carcinoma (HCC) . HCV eradication is the most
effective treatment to halt disease progression. During the late 1990s and early
2000s, major advances in interferon (IFN) and combinations of IFN or pegylated
IFN and ribavirin (RBV) were approved for chronic HCV infection to increase
sustained virological response (SVR) rates from 5% to 40-80% %8. Progress in
the understanding of viral kinetics has provided tools to identify patients most
likely to attain a SVR, and insights into the HCV genome and proteins has also
improved the efficacy and tolerability of HCV treatment, culminating in the
development of multiple direct-acting antivirals (DAAs) that target specific steps
within the HCV life cycle 7. The approval of DAAs has revolutionized therapy
against HCV infection, with current SVR rates of over 90% despite factors like
advanced age or the presence of cirrhosis 8.

Liver cirrhosis caused by chronic HCV infection is a leading risk factor
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for the development of HCC, with an annual incidence rate of 1-8% per year °.
Although IFN therapy has been contraindicated for patients with cirrhosis and/or
HCC due to several side effects, DAAs have shown high tolerability and SVR
rates for such patients. Advanced fibrosis is a known risk factor of DAA treatment
failure 81012 but there remains debate on the clinical impact of a history of HCC
on DAA outcome. This study aimed to uncover the clinical features of patients
with prior HCC and determine the influence of this status on the therapeutic

results of DAAs in patients with chronic HCV infection.

2 Patients and Methods
2.1 Patients

In this retrospective, multi-center, cohort analysis across Nagano
prefecture, Japan, a total of 960 patients with chronic HCV infection underwent
DAA therapy at Shinshu University Hospital (Matsumoto, Japan) or its affiliated
institutions between April 2015 and October 2017. After excluding cases lacking
sufficient clinical data for analysis, 838 patients chronic HCV infection were
ultimately enrolled (supplementary figure 1). The racial background of all

patients was Japanese. The diagnosis of chronic hepatitis C was based on
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previously reported criteria as the presence of serum HCV antibodies and
detectable HCV RNA 3. The presence of chronic HCV infection was defined as
detectable HCV RNA by the real-time polymerase chain reaction at the initiation
of therapy.

This study was reviewed and approved by the Institutional Review
Board of Shinshu University School of Medicine (approval number: 3244) and its
affiliated hospitals. Written informed consent was obtained from all participating
subjects. The study was conducted according to the principals of the Declaration

of Helsinki.

2.2 Study design

All patients in this cohort were registered upon commencing DAAs for
age, gender, history of IFN treatment, history of a HCC complication, and
comorbidities such as hypertension, diabetes, and hyperlipidemia.

The patients were treated with DAA regimens that included daclatasvir
+ asunaprevir (DCV+ASV) for 24 weeks '* or ledipasvir/sofosbuvir (LDV/SOF),
ombitasvir/paritaprevir/ritonavir (OBV/PTV/r), or elbasvir + grazoprevir

(EBR+GZR) for 12 weeks for patients infected with HCV genotype 1, or with
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SOF+RBV for 12 weeks for those with genotype 2, based on guidelines from the
Japan Society of Hepatology '5. Since a resistance-associated substitution
(RAS) at position 93 of the HCV NS5A region (NS5A-Y93H) was reported to
reduce the effectiveness of DCV+ASV 6, patients with this variant were advised
to wait for next generation DAA therapies for as long as possible. Individuals
who were unable to postpone treatment due to clinical reasons including
progression to liver cirrhosis or advanced age were treated with DCV+ASV. A
SVR12 was defined as undetectable HCV RNA at 12 weeks after completion of
DAA therapy. Treatment failure was defined as detectable HCV RNA during

treatment or within 12 weeks of completion or discontinuation of DAAs.

2.3 Laboratory testing

All laboratory data, such as hemoglobin, platelet count, albumin,
aspartate aminotransferase (AST), alanine aminotransferase (ALT), and alpha
fetoprotein (AFP), were determined using standard methods at respective

institutions.

2.4 Fibrosis markers
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153 The fibrosis-4 (FIB-4) index and AST-to-platelet ratio index (APRI)
154  were respectively calculated as: age (years) x AST (IU/L) / (platelet count [10°/L]
155  x ALT [IU/L]Y2) 17 and (AST / upper limit of normal; 40 IU/L) x (100 / platelet
156  count [10%/L]) '8"°. Isolated blood samples were immediately stored at -20°C
157 until testing. Serum autotaxin (ATX) antigen concentration was simultaneously
158 measured using frozen serum samples by a specific two-site enzyme
159 immunoassay with an AlA-2000 system (Tosoh Co., Tokyo, Japan) as described
160  previously %22, The recently established macrophage galactose-specific lectin-2
161  binding protein glycosylation isomer (M2BPGi) fibrosis marker was quantified as
162  earlier described 2.

163

164 2.5. Resistance testing of NS5A-Y93H for DCV+ASV therapy

165 The NS5A-Y93H RAS was detected by RT-PCR as described

166  previously 24, with a value of 20% or more defined as NS5A-Y93H-positive.

167

168 2.6 Statistical analysis

169 Statistical analysis and data visualization were carried out using

170  StatFlex ver. 6.0 (Artech Co., Ltd., Osaka, Japan). Continuous baseline data are
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expressed as the median £ interquartile range and statistically evaluated by

means of the Mann-Whitney U test. Categorical variables are presented as the

frequency (percentage) and were analyzed using the chi-square test. Cutoff

values were identified by the Youden index, and the nearest clinically applicable

value to the cutoff was considered as the optimal threshold for clinical

convenience. Multivariate analysis was performed using regression analysis with

stepwise method after cateqgorizing continuous variables to minimize

interference. All statistical tests were two-sided and evaluated at the 0.05 level of

significance.

3 Results

3.1 Baseline clinical characteristics

The baseline clinical characteristics in this study are summarized in

Table 1. Of the 838 enrolled patients, 370 (44.2%) were male and 468 (55.8%)

were female and median age was 69 years. Roughly half of patients were

complicated with hypertension, followed next by diabetes mellitus and

dyslipidemia. Seventy-nine (9.4%) patients had a history of HCC and were

placed into the HCC (+) group, while 759 (90.6%) had no prior HCC and were
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classified as HCC (-). The number of patients who were treated with DCV+ASYV,
LDV/SOF, OBV/PTV/r, EBV+GRZ, and SOF+RBV was 288, 267, 22, 60, and

201, respectively. The overall SVR rate was 94.7% in our cohort.

3.2 Comparisons between HCC (+) and HCC (-) groups

Comparisons of the clinical characteristics of the HCC (+) and HCC (-)
groups are presented in Table 1. The HCC (+) group was significantly older (p <
0.001), and the frequency of male HCC (+) patients was significantly higher
(60.8 vs. 42.4%, p = 0.002). Other significant differences for the HCC (+) group
included lower platelet count (115 vs. 152 x10°/L, p < 0.001), higher baseline
AFP (9.9 vs. 4.5 ng/ml, p <0.001), and higher scores for FIB-4 index (4.7 vs. 3.0,
p <0.001), APRI (1.1 vs. 0.7, p = 0.009), M2BPGi (3.80 vs. 1.78 COlI, p < 0.001),
and ATX (1.91 vs. 1.50 mg/L, p < 0.001). Interestingly, the overall SVR rate was
significantly lower in the HCC (+) group than in the HCC (-) group (87.4 vs.

95.4%, p = 0.001).

3.3 Comparisons of DAA treatment failure and SVR groups

Comparisons of clinical characteristics between DAA failure and SVR
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groups are shown in Table 2. There were significant differences for platelet count
(138 vs. 151 x10°/L, p = 0.012), albumin (3.9 vs. 4.1 g/dL, p = 0.002), AST (50 vs.
37 U/L, p = 0.002), FIB-4 index (3.9 vs. 3.0, p < 0.001), APRI (1.2 vs. 0.7, p <
0.001), M2BPGi (2.38 vs. 1.86 COI, p = 0.004), and ATX (1.80 vs. 1.51 mg/L, p =
0.001). The frequency of HCC (+) was significantly higher in the DAA failure

group than in the SVR group (22.7 vs. 8.7%, p = 0.001).

3.4 Predictive ability of clinical markers for DAA treatment failure

We assessed the ability of clinical markers to predict DAA treatment
failure using receiver operating characteristic (ROC) analysis for continuous
variables. As shown in Figure 1, the area under the ROC curve (AUROC) for
platelet count, albumin, AST, FIB-4 index, APRI, M2BPGi, and ATX was 0.680,
0.630, 0.602, 0.684, 0.672, 0.564, and 0.635, respectively. Based on determined
AUROC values, the optimal cutoff value, sensitivity, specificity, positive
predictive value, negative predictive value, and accuracy in relation to DAA
treatment failure were calculated and summarized in Table 3. HCC history

showed the highest accuracy in terms of DAA treatment failure prediction.
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3.5 Predictors of DAA treatment failure in univariate and multivariate
analysis

The univariate predictors of HCV treatment failure presented in Table 4
identified significant associations for platelet count < 152 x 10° /L (DAA failure vs.
SVR: 49.2 vs. 31.8%, p = 0.02), albumin < 4.0 g/dL (72.8 vs. 41.7%, p < 0.001),
FIB-4 index = 3.25 2° (54.1 vs. 28.6%, p = 0.02), APRI = 1.0 (68.1 vs. 42.9%, p =
0.02), M2BPGi = 2.2 COI (56.2 vs. 45.0%, p = 0.16), ATX 2 2.2 mg/L ?° (80.3 vs.
64.9%, p = 0.02), and HCC (+) (22.7 vs. 8.7%, p = 0.001).

Multivariate analysis confirmed that HCC (+) status (odds ratio [OR]:
3.56, 95% confidence interval [Cl] 1.32-9.57) was an independent risk factor

predicting DAA treatment failure (Table 4).

3.6 Comparisons between DAA treatment failure and SVR patients without
HCC history

Since a history of HCC was the highest independent DAA failure factor,
we excluded all patients with prior HCC and compared the clinical characteristics
of DAA failure and SVR groups (Table 5). The DAA failure group showed

significantly lower albumin, higher AST, and higher established fibrosis markers
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than did the SVR group, suggesting that clinically progressed disease could also

be associated with DAA outcome in the cohort.

4 Discussion

This study identified two important clinical features of a history of HCC
in chronic HCV under DAA treatment: 1) patients with prior HCC receiving DAAs
exhibited more advanced pre-treatment liver disease progression than those
without, and 2) a history of HCC was an independent risk factor of treatment
failure with oral DAAs. These findings have important clinical implications on the
optimal timing of chronic HCV infection treatment.

The patients with a history of HCC in this cohort were significantly older
than those without and were more frequently male. These results were
consistent with a previous report that showed independent predictive factors of
complicating HCC in HCV infection to be male and over 60 years of age 2. The
subjects with prior HCC also exhibited lower platelet count, lower albumin,
higher AST, and higher fibrosis marker scores for FIB-4 index, APRI, M2BPGi,
and ATX, indicating more progressed liver fibrosis. It is important to understand

the natural history of HCV infection, whereby chronic HCV infection slowly but
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significantly progresses to HCC over time ' in the absence of eradication therapy
27, Moreover, a HCC history was more frequent in patients with genotype 1 HCV
than in those with genotype 2, suggesting that genotype 1 led to more advanced
disease progression in support of previous reports 2628, Thus, patients with prior
HCC may require more intensive care during DAA treatment considering their
disease status.

To date, it remains uncertain whether a history of HCC influences DAA
outcome. Although active HCC at the initiation of HCV therapy has been
significantly associated with DAA treatment failure 2°, such treatment is not
approved in Japan and so no patient had active HCC at the commencement of
DAAs. Our results demonstrated that subjects with past HCC achieved a lower
SVR rate than did those without, which was confirmed by multivariate analysis.
Several factors are reportedly associated with DAA treatment failure, including
fibrosis, cirrhosis, and drug regimen and adherence 8163033 The present
findings indicate that a history of HCC should be included as a failure risk factor
as well.

The molecular and biological mechanisms of DAA failure in relation to

HCC history remain unresolved. There were significant differences in M2BPGi
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and ATX between the study groups, suggesting the involvement of multiple
mechanisms since M2BPGi and ATX reflected both fibrosis and hepatitis activity
2034 and have been considered to exhibit pleiotropic functions. Genetic

polymorphisms, such as interleukin 28B and HCV core-region substitutions,

have been linked to IFN treatment outcome and HCC complications 3°:3%: indeed,

the frequency of IFN treatment failure in our cohort was significantly higher in the

DAA failure group (53.7%) than in the SVR group (37.0%: p = 0.032). Moreover,

tumor-associated antigen (TAA)-specific CD8* T-cell responses have been

correlated to impaired IFN-gamma production in patients with HCC, which

indicated exhaustion of TAA-specific CD8* T cells 37. The exhaustion of

HCV-specific CD8* T cells by mechanisms involving the expression of inhibitory

receptors has been associated with HCV eradication as well 3. Taken together,

there are likely other unknown molecular and biological mechanisms modulating

the influence of prior HCC on DAA failure that merit future study. Meanwhile,

HCC history represents an important indicator easily obtained in medical

interviews that may reliably predict DAA failure.

In certain populations, testing for pre-existing RASs is considered

beneficial prior to the use of certain regimens, such as DCV+ASV. Our strategy
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was that if patients harboring the NS5A-Y93H RAS could no longer postpone
treatment due to age, disease progression, or other clinical reasons, they
commenced DCV+ASYV instead of waiting for next-generation DAAs. Accordingly,
the DCV+ASV cohort showed lower platelet count and higher AFP that did the
other regimen groups (median platelet count: 132 vs. 158 x10% L, p < 0.001, and
median AFP: 6.2 vs. 4.5 ng/mL, p = 0.037), indicating more advanced disease
progression. As reported previously ', RAS was an independent and the
strongest failure risk factor in DCV+ASV therapy (OR: 2.15, 95% CI 1.37-3.37, p
< 0.001). Indeed, RASs should be considered in DAA treatment planning to
maximize SVR rates.

Our study has several limitations apart from its retrospective design.
Since patients with Child—Pugh class B and C cirrhosis were not approved for
DAA therapy in Japan were not included, the risk factors and optimal timing of
DAAs for such patients require further investigation. Second, the merits of
treating patients before advanced progression of hepatic disease have been
clearly shown, with several-fold decreases in the risk of death and development
of HCC 3°. It was also reported that a past history of HCC was independently

associated with HCC recurrence after achieving a SVR 4. Therefore, the



315

316

317

318

319

320

321

322

323

324

325

326

327

328

329

330

331

332

20
Sugiura A et al.

long-term outcome of HCC history requires attention in the future.

In conclusion, chronically infected HCV patients with a history of HCC

showed more advanced disease progression at the onset of DAA therapy. As

prior HCC at the initiation of DAAs was significantly associated with treatment

failure, DAA treatment for HCV should be induced as early as possible,

especially before complicating HCC.

Acknowledgments

The authors thank Trevor Ralph for his English editorial assistance. We

sincerely appreciate the research support provided in part by a Grant-in-Aid for

Scientific Research from the Ministry of Education, Science, Sports, and Culture

of Japan (18K07907) and the Promotion Project of Education, Research, and

Medical Care from Shinshu University Hospital.

Additional information

Conflict of interest: Koji lgarashi is an employee of TOSOH Corporation.

The remaining authors declare that they have nothing to disclose regarding

funding from industries or other conflicts of interest with respect to this



333

Sugiura A et al.

manuscript.

21



334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
3568
359
360
361
362
363

22

Sugiura A et al.

10.

1.

References
Kiyosawa K, Sodeyama T, Tanaka E, et al. Interrelationship of blood
transfusion, non-A, non-B hepatitis and hepatocellular carcinoma:
analysis by detection of antibody to hepatitis C virus. Hepatology.
1990;12:671-675.
Scheel TK, Rice CM. Understanding the hepatitis C virus life cycle paves
the way for highly effective therapies. Nat Med. 2013;19:837-849.
Thomas DL. Global control of hepatitis C: where challenge meets
opportunity. Nature medicine. 2013;19:850-858.
Tanaka E, Kiyosawa K. Natural history of acute hepatitis C. J
Gastroenterol Hepatol. 2000;15 Suppl:E97-104.
Fried MW, Shiffman ML, Reddy KR, et al. Peginterferon alfa-2a plus
ribavirin for chronic hepatitis C virus infection. New England Journal of
Medicine. 2002;347:975-982.
Manns MP, McHutchison JG, Gordon SC, et al. Peginterferon alfa-2b plus
ribavirin compared with interferon alfa-2b plus ribavirin for initial treatment
of chronic hepatitis C: a randomised trial. The Lancet. 2001;358:958-965.
Poordad F, Dieterich D. Treating hepatitis C: current standard of care and
emerging direct-acting antiviral agents. J Viral Hepat. 2012;19:449-464.
Majumdar A, Kitson MT, Roberts SK. Systematic review: current concepts
and challenges for the direct-acting antiviral era in hepatitis C cirrhosis.
Aliment Pharmacol Ther. 2016;43:1276-1292.
El - Serag HB, Kanwal F. Epidemiology of hepatocellular carcinoma in the
United States: where are we? Where do we go? Hepatology.
2014;60:1767-1775.
Boccaccio V, Bruno S. Management of HCV patients with cirrhosis with
direct acting antivirals. Liver International. 2014;34:38-45.
Foster GR, Irving WL, Cheung MC, et al. Impact of direct acting antiviral
therapy in patients with chronic hepatitis C and decompensated cirrhosis.
Journal of hepatology. 2016;64:1224-1231.



364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393

23

Sugiura A et al.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Foster GR, Irving WL, Cheung MC, et al. Impact of direct acting antiviral
therapy in patients with chronic hepatitis C and decompensated cirrhosis.
J Hepatol. 2016;64:1224-1231.

McGovern BH, Birch CE, Bowen MJ, et al. Improving the diagnosis of
acute hepatitis C virus infection with expanded viral load criteria. Clin
Infect Dis. 2009;49:1051-1060.

Chayama K, Takahashi S, Toyota J, et al. Dual therapy with the
nonstructural protein 5A inhibitor, daclatasvir, and the nonstructural
protein 3 protease inhibitor, asunaprevir, in hepatitis C virus genotype
1b-infected null responders. Hepatology. 2012;55:742-748.

JSH Guidelines for the Management of Hepatitis C Virus Infection: A 2014
Update for Genotype 1. Hepatol Res. 2014;44 Suppl S1:59-70.

Karino Y, Toyota J, lkeda K, et al. Characterization of virologic escape in
hepatitis C virus genotype 1b patients treated with the direct-acting
antivirals daclatasvir and asunaprevir. J Hepatol. 2013;58:646-654.

Vallet - Pichard A, Mallet V, Nalpas B, et al. FIB - 4: An inexpensive and
accurate marker of fibrosis in HCV infection. comparison with liver biopsy
and fibrotest. Hepatology. 2007;46:32-36.

Castéra L, Vergniol J, Foucher J, et al. Prospective comparison of
transient elastography, Fibrotest, APRI, and liver biopsy for the
assessment of fibrosis in chronic hepatitis C. Gastroenterology.
2005;128:343-350.

Joshita S, Umemura T, Ota M, Tanaka E. AST/platelet ratio index
associates with progression to hepatic failure and correlates with
histological fibrosis stage in Japanese patients with primary biliary
cirrhosis. J Hepatol. 2014;61:1443-1445.

Yamazaki T, Joshita S, Umemura T, et al. Association of Serum Autotaxin
Levels with Liver Fibrosis in Patients with Chronic Hepatitis C. Sci Rep.
2017;7:46705.

Joshita S, Ichikawa Y, Umemura T, et al. Serum autotaxin is a useful liver



394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423

24

Sugiura A et al.

22.

23.

24.

25.

26.

27.

28.

29.

fibrosis marker in patients with chronic hepatitis B virus infection. Hepatol
Res. 2018;48:275-285.

Joshita S, Umemura T, Usami Y, et al. Serum Autotaxin Is a Useful
Disease Progression Marker in Patients with Primary Biliary Cholangitis.
Scientific Reports. 2018;8:8159.

Umemura T, Joshita S, Sekiguchi T, et al. Serum Wisteria floribunda
Agglutinin-Positive Mac-2-Binding Protein Level Predicts Liver Fibrosis
and Prognosis in Primary Biliary Cirrhosis. Am J Gastroenterol.
2015;110:857-864.

Suzuki F, Sezaki H, Akuta N, et al. Prevalence of hepatitis C virus variants
resistant to NS3 protease inhibitors or the NS5A inhibitor (BMS-790052)
in hepatitis patients with genotype 1b. J Clin Virol. 2012;54:352-354.
Yamasaki K, Tateyama M, Abiru S, et al. Elevated serum levels of
Wisteria floribunda agglutinin-positive human Mac-2 binding protein
predict the development of hepatocellular carcinoma in hepatitis C
patients. Hepatology. 2014;60:1563-1570.

Bruno S, Crosignani A, Maisonneuve P, Rossi S, Silini E, Mondelli MU.
Hepatitis C virus genotype 1b as a major risk factor associated with
hepatocellular carcinoma in patients with cirrhosis: a seventeen-year
prospective cohort study. Hepatology. 2007;46:1350-1356.

Goossens N, Hoshida Y. Hepatitis C virus-induced hepatocellular
carcinoma. Clinical and molecular hepatology. 2015;21:105.

Kobayashi M, Tanaka E, Sodeyama T, Urushihara A, Matsumoto A,
Kiyosawa K. The natural course of chronic hepatitis C: a comparison
between patients with genotypes 1 and 2 hepatitis C viruses. Hepatology.
1996;23:695-699.

Prenner SB, VanWagner LB, Flamm SL, Salem R, Lewandowski RJ, Kulik
L. Hepatocellular carcinoma decreases the chance of successful hepatitis
C virus therapy with direct-acting antivirals. J Hepatol.

2017;66:1173-1181.



424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453

25

Sugiura A et al.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Schneider MD, Sarrazin C. Antiviral therapy of hepatitis C in 2014: do we
need resistance testing? Antiviral Res. 2014;105:64-71.

Pawlotsky JM. Treatment failure and resistance with direct-acting antiviral
drugs against hepatitis C virus. Hepatology. 2011;53:1742-1751.

Perez AB, Chueca N, Garcia F. Resistance testing for the treatment of
chronic hepatitis C with direct acting antivirals: when and for how long?
Germs. 2017;7:40.

Pawlotsky J-M. Hepatitis C virus resistance to direct-acting antiviral drugs
in interferon-free regimens. Gastroenterology. 2016;151:70-86.

Yamazaki T, Joshita S, Umemura T, et al. Changes in serum levels of
autotaxin with direct-acting antiviral therapy in patients with chronic
hepatitis C. PLoS One. 2018;13:e0195632.

Akuta N, Suzuki F, Hirakawa M, et al. Amino acid substitutions in hepatitis
C virus core region predict hepatocarcinogenesis following eradication of
HCV RNA by antiviral therapy. J Med Virol. 2011;83:1016-1022.

Tanaka Y, Nishida N, Sugiyama M, et al. Genome-wide association of
IL28B with response to pegylated interferon-alpha and ribavirin therapy
for chronic hepatitis C. Nat Genet. 2009;41:1105-1109.

Flecken T, Schmidt N, Hild S, et al. Imnmunodominance and functional
alterations of tumor-associated antigen-specific CD8+ T-cell responses in
hepatocellular carcinoma. Hepatology. 2014;59:1415-1426.

Bengsch B, Seigel B, Ruhl M, et al. Coexpression of PD-1, 2B4, CD160
and KLRG1 on exhausted HCV-specific CD8+ T cells is linked to antigen
recognition and T cell differentiation. PLoS Pathog. 2010;6:e1000947.
Veldt BJ, Heathcote EJ, Wedemeyer H, et al. Sustained virologic
response and clinical outcomes in patients with chronic hepatitis C and
advanced fibrosis. Ann Intern Med. 2007;147:677-684.

Conti F, Buonfiglioli F, Scuteri A, et al. Early occurrence and recurrence of
hepatocellular carcinoma in HCV-related cirrhosis treated with
direct-acting antivirals. J Hepatol. 2016;65:727-733.



454

Sugiura A et al.

26



2.0 %E€Z %9°€ %692 «(HEBA) SVH

a0 %6E€°0 %00°0 %SE0 vvQ Joud
2000 %2 9¢ %L ¥G %6°LE N4| Joud
paoualladx]
8y'0 %9 %¥'S %L elwspidiisiqg
GE0 %.L9l %y LL %E 9l sejeqgeld
¥0°0 %9°8¢ %S ¥S %€ 0% uoisuspedAy
saljlpigiowlio)d
100°0> (82'+-€5°0) 0S'L (£€°5-09°0) 16°L (££'6-€G°0) LG (7/6w) uixejoiny
L00°0> (Zz'9L-¥2°0) 8/'1L (LL'6L-€2°0) 08¢ (1'6L-¥2°0) G8'L (102) 1949z
6000 (§'12-1°0) L0 (€8-Z°0) L'l (§'12-€1°0) L0 I4dY
100°0> (5°8¢-5°0) 0¢ (€ve-v1L) L'V (5°8¢€-25°0) 0'¢ xapul -g|4
sJayJew siso.qi4
¥6.°0 (5 1€1-6G°0) 0L (0°2oL-0'2h) 6'69 (5'1€1-GS°0) 1’0 (zWg /" Luww) Y499
100°0> (6291L-6°0) G'Y (0°1L8¢-2°1) 6'6 (0°18¢-6°0) 6t (qw/bu) d4v
9250 (€29-2) /€ (ZrL-c1) 8Y (€29-2) 8¢ (/n) 1v
600 (02€-01) L€ (P21-12) GY (02€£-01) 8¢ (/n) LSV
100°0> (1'5+¥'2) A (9¥+'2) 6°¢ (1'5-¥'2) L'y (p/Bw) ulwunqly
L00°0> (0L¥-22) ZSL (L22-¥€) GLL (0Lt-01) oSl (7/601%) 3UnO2 }3|8)€E|d
6100 (8'81-9'G) 8¢l (6'91L-2'6) AN (8'81-9'G) L€l (p/6) aH
L00'0>  (069°CL-089°L)  009't (00€°2-0659) ooL'y  (069°ZL-069) 0LG¥y (/1) ogm
ejep Aiojesoge]
2000 (%2¥) 22< (%19) 8v 891 / 0.€ (slewsy / sjew) Jlspus
100°0> (06-91) 69 (¥8-6%) Z/ (06-91) 69 (s1eaf) yuswijoius je by
anjea d oI uelpsiy HOI TETEN HOI ueipsjy
(<) DOH "sA (6G2=V) (62=u) (8gg=u)
(+) OOH (-) OOH (+) OOH syuened ||y

‘K103s1y 3sed H9H Inoyum 1o yum sjuaned jo suosuedwod pue soijsiiajoedeyd auljaseq "| ajqeL

‘le 19 y ednibng
LC



asuodsal |ealbo|olIA
paulelsns  ‘YAS UUIABJQU+IIANGSOJ0S  ‘AGY+40S  ‘Jinaidozelb+inseqie  ‘Y7O+4g3  ‘diAeuold/inaideled/ainseliquio
UYNALD/NGO ‘JIANQs0J0s/JInsedIpa| ‘4OS/AA1 JiInaudeunse+linselejoep ‘ASV+A\Dd :uonnyisgns
pajeloosse-aoue)sisal ‘Syy ‘[ediajue Bunoe-10alip ‘Y@ ‘uodapeul ‘N4l Jawos! uonejAsodA|6 ulejosd Buipulq Z-uijos)
ol0ads-asojoeleb abeydosoew ‘1949z Xapul onel 1o|9)e|d-0}-aselajsuejoulle ayeuedse ‘|Ydy xepul p-sisoiql ‘p-g14
‘o)el uolely|iy Jeiniawolb ajewnss ‘Y499 ‘uivjoidols) eydie ‘d4y ‘oselajsueljouiwe sujuele |y ‘oselajsueljouiwe ajeuedse
‘LSY ‘uigojboway ‘gH ‘s||@2 poo|q auym ‘Ogpa ‘ebues ajiuenblisul ‘Y| ‘ewouloled Jejnjeooleday ‘QOH :suoljeinalqqy

"HoY0o ASVY+ADd 8Y} Ul sAesse Japeaul-y4Dd AQ paulwialap sem Sy .

8¢€0

990
1000
100°0>
100°0>
LY0

€000
1000

¢LL'0

8'G6 006 G'G6 AgH+40S
Z adAjousan)
9'96 00l 196 HZo+493
00l 0'0S G'G6 JALd/AGO
£'86 1'G8 0.6 40S/AQ7
1’86 £'G8 8'96 (Ile) syvq@ uonelsusb puoosg
0'Z6 G'88 L'L6 ASY+ADQ
Sy uonelauab 1si14
¥'G6 0'/8 G'v6 (Ile) | edAjouss
G'G6 €/8 L6 [I2EWe)}
(%) YAS
(2'52) 161 (2°Z1) oL (0'¥2) L0Z Agd+40S
Z 9dAjousn)
(Z'2) S (€9)s (Z'2) 09 Z49+Ag3
(£2) 0z (2¢ (92) 2z JALd/NGO
(9°'1L€) 0¥2 (Z¥¢) L2 (6°1€) 292 40S/AQ1
(g¢ee) €62 (€¥¥) G¢ (€'¥¢) 882 ASY+ADd
| 8dAjouss

(%) Joaquinu ‘suswibay

‘le 19 y ednibng
8¢



(%) Joaquinu ‘suswibay

100°0> %222 %L'Y «(HEBA) SYY
8200 (%E€°0) C (%E€2) L vvqa Joud
Z€0'0 (%0°2€) 6.2 (%72°€9) 22 N4| Joud

paoualadxg

1000 (%2°8) 69 (%2°22) 0L DOH Jo Aioisiy 1sed
¥29°0 (%€2) LG (%E€'6) ¥ elwaspidiisiq
66£°0 (%6°GL) v (%2722) S sejaqgelq
8610 (%9°'6€) 6ET (%0°09) 02 uoisuspedAH

sefIpIgiowo)
1000  (££6-€5°0) 1G'L (86'¢-28°0) 08l (7/6w) uixejoiny
000  (LL'6L-¥2°0) 98’1 (25'8L-1¥°0) 8¢'C (102) 19492\
100°0> (5'8-0°0) L0 (Z'5-€0) .0 4dV
1000>  (£+€-00) 0¢ (1'€z-9'1) 6'¢ xapul t-g14

sJayJew SsiIsolqi4
19v'0  (9'LEL-SS0) G0L (0'201-09°0) 6’79 (zWg /" L/uiww) Y499
0.6'0 (0'18¢£-60) 8'v (0'05-8°L) 02 (qw/bu) d4v
0Zv'0 (€29-2) L€ (661-L1) Zv (/n) 11v
2000 (02€£-01) /€ (9/2-¢1) 0S (/n) LSV
2000 (1'5+'2) L'y (S¥-0¢) 6'¢ (p/Bw) ulwng|y
Z1L00 (0Lt-01) LGl (£92-12) 8¢l (7/ 601X) JUnoo }8|81€|d
6170 (8'81-9'9) 8¢l (5'81-6'8) el (p/6) aH
0,00 (069°CL-062°L)  0€S'v (00%'8-06S) G8L'Yy (/1) ogm

ejep Aiojeioge]

G820 (%¥'SS/9Vvy) Oby/¥Se (%9€9/+9€) 8Z/9l (elewsy / sjew) Jspus

GSZ'0 (06-91) 69 (Z8-¢P) 69 (s1eek) yuswiyjosus je eby

anjea d oI ueips|y HoI ueips|y
(¥6.2=U) YAS (P¥=u) ainjie} yva

6¢

'sdnoub YAS pue ainjiej Juswileal) Yy Jo suosiiedwod [esiul) z ajqer

‘le 19 y ednibng



ULIABQLI+JIANQS0J0S ‘AGY+40S ‘dinaidozelb+linseq|oe ‘Zy9+Ag3 ‘liAeuo)ll/linaidelied/inseuquio
UNALD/INGO ‘dinngsojos/iiasedipsl ‘4OS/AQT] Hdinaideunse+dinseleloep ‘ASY+ADQ ‘Uolniiisgns pajeloosse-aoue)sisal ‘Syy
‘uoJaualul ‘N4| ‘ewouloied Jejnj@ooieday ‘DOH ‘dawosi uonelAsooA|b uisyold Buipuiq z-unos| oyvads-asojoejeb ebeydoioew
19492 Xopul onjes }oj9je|d-0)-aselajsueiouiwe ajeuedse ‘|YdV Xapul -sisoiqly ‘f-g|4 -eled uonesyjy Jejniswolb sjewnse
‘Y4499 ‘uivjoidols) eydie ‘d4y ‘@selsjsueljouiwe auluee |y ‘aselajsueliouiwe ajeuedse ‘| QY ‘uiqojbowsy ‘qH ‘S|190
poo|q allym ‘DgA\ ‘obued sjienblalul ‘Y| ‘esuodsal |edIbojolIA paulelsns ‘HYAS ‘[ediajue Buioe-10alip ‘Y Suoieinalqqy

¥00°0 = d (%8°€) 0€S J0 0Z 'SA (%E'8) 88C
JO 2 :suswibal pauiquiod Jayjo ay} Jo jey) uey Jaybiy Apueoyiubis sem dnoib ASY+ADQA 34 Ul (+) DDOH Jo Aouanbalyay] .,
"HOY09 ASY+ADQ 8Y} Ul shesse Japenul-yOd Ag pauiwialep sem SyY ;.

(Z'¥2) 261 (5'02) 6 AgYd+40S

(€2) 8G (S¥) L Z49+A\93

(L2 12 (€2 ¢ JALD/NEO

(9°2¢) 652 (z8lL)s8 40S/AQ1

«£80°0 (z'¢ee) ¥9z (S¥S) vZ ASVY+ADQ
‘le 19 y ednibng

0¢



ewoulole? Jejnjj@dojeday ‘QOH ‘1ewosi uoielAsooA|6 uiejoid Bulpulq z-unjos| oynads-asojoe|eb
abeydoloew ‘1I94gzIN Xapul onel 19|9le|d-0)-aselajsueljouiwe ajeuedse ‘[Ydy Xepul {-SIsoiql ‘p-gl4 ‘eselajsueljouiwe
aleledse ‘| QY ‘onjeA aAnoipald aaebau ‘AdN enjeA aaAnoipaldd aanisod ‘Add ‘ediaue Bunoe-108dip ‘Yy(Q :Suoljeinalqqy

118 96 €l 16 €C OOH jo Aiojsiy ised
6L 96 6 08 Ge 1/Bw gz = uixejoy
Ay 96 8 €l e 100 0°¢ = 19d9ZN
119 16 8 89 1S 0} = 14dV
617G 16 . S L. GZ'e = Xopul -gid
8'€g 16 . Ly 82 UN oY = 1SV
208 06 . 6¥ 89 1/ 60} X ZGL > JuUnoo J8|8)e|d
12l 16 6 A 85 1P/ 0% > uiwnqy
(%) Aoeinooy (%) AdN (%) Add (%) Ayoyoads (%) AlAnisuss

"alnjie} Yyd O} pajejal siayJew [ediul]d jo asuewload onpsoubelq "¢ ajgeL

‘le 19 y ednibng
L€



Bwoulole? Jejnjj@oojeday ‘QOH ‘1owos! uoie|AsooA|b
uisjoud Bulpuiq z-unos| oioads-asojoeleb abeydosoew ‘19dgzIN Xxapul onel 1ojeie|d-o}-eselajsueljoulwe ajeuedse ‘|yYdyv
XXapul #-sI1soqly ‘p-gl4d ‘oselajsueljouiwe ajeledse ‘| QY {[eAlajul 8oUSpRU0D ‘|D ‘[ediaiue Buoe-10alip ‘YyQ SuoleirnaIqqy

100 (L66-2€'1) 9G°€ 100°0 (0£'9-16'1) 60°E OOH jo Aoysiy ised
200 (8C1-L1°1) 0T 7/bw g’z = uixejony
GO0 (87'¢-86'0) ¥8'1 100 0'€ = 19d9eN
100 (L9'9-02°1) ¥8'C 0l = 19dV
200 (P¥'L-L1"1) G6'C GZ'e = Xapul y-dld
200 (PL'2-1171) 282 INoy = 1SV
900 (0£'9-€6°0) 052 200 (€6'¢-60'1) 20T /601 X ZG1 > uNnoo }9j8je|d
900 (L1'6-G6°0) G€'C 100°0> (Lz'g-LL'1)sLe /6 0% > ulwingly
anjen d (1D %S6) oies sppO anjeA d (1D %S6) ones sppO
ajeleAly NN ajelleAlun

ce

‘uone|ndod Apnjs ayj} ul ainjie} Juawjead} Yyq Jo sio3oipaid ajerieAl|npy  a1qel

‘le 19 y ednibng



(%) Jaquinu ‘suswibay

AAN0) (G¥) 2 (002) L vvQ Joud
9100 (e6¢) ev2 (£99) 81 N4| Joud
paousauadxgy
0S€°0 (V1) LY (8LL) ¥ elwepidiisAg
€LL0 (z9l) 69 (€1e) s sejeqeld
62L°0 (0°8¢) 202 (9'19) 91 uoisusuadAH
(%) Jequinu ‘sanipigiowion)
2000 (82'+-€5°0) 8yl (86'¢-28°0) 06°L (7/6w) uixejoiny
LLoo  (€6°GL-+¥2°0) L2V (229l-1+0) GS'L (102) 19492\
100'0> (8°2-1°0) 90 (§'12-1°0) 9l HdY
100°0> (¥'61-25°0) 0¢ (5'8¢-90°1L) (V87 xapul -g|4
SJaljew SI1so.qi4
9010 (5'1EL-G°0) 0L (0°26-9°0) 7’9 (zWg/ Luww) Y499
6SG°0 (6'291-6°0) G'¥ (¢6€-8°1) G9 (Qw/bu) d4v
8870 (€29-2) L€ (66L-11) 6¢ (/n) 11v
1000 (0/£-12) 9¢ (¥21-92) ¥S (/n) LSV
1000 (L'5+'2) v (S¥-0¢) 8¢ (p/bw) ulwng)y
G/00 (0Lt-01) Ll (£92-12) L0l (7/601%) 3Uno0 13|83 d
8620 (8'81-9°9) €6l (5'81-6'8) ad (p/6) aH
1220 (069°Z1-089°L) 009'¢  (00%'8-096°L) G8Z'Y (/1) ogam
eljep \CQW_OQNJ
9LL'0 (%0 2G/0°¢Eh) ey /2L (%9°0L/t'62) vz /0l (elewsy / sjew) Jspusn
LEZ°0 (06-91) 89 (18-¢¥) Z. (s1eek) yuswiyjosus je eby
anjeA d HOI uelpa\ HOI uelps\
(Pe=u)
(GzZ/Z=U) UAS aine;  \vd

DOH Inoyym sjoafgns ui syuaned YAS pue ainjie yya

€e

Kioysiy

usamjaq soljsiiajoeieyd [edluld jo suosiiedwon g ajqeL

‘le 19 y ednibng



ULIABQU+1IANGS0J0S ‘AGY+40S ‘dinaidozelb+linseqie ‘Hzo+4g3 Jianeuold/linaide)sed/iinse}iquio
YUALD/ANGO  diangsojos/iiasedipsl  ‘4OS/AQT dinesdeunseslinseleoep  ‘ASY+ADQ ‘uodapeul ‘N4l ‘dawosl
uonejAsooA|6 uiejoid Bulpuiq g-unoo] olwads-asoioejeb abeydoloew ‘1949z Xepul onel 19|9)e|d-0)-aselajsueljouiwe
ajepedse ‘|4dV Xoepul $-si1soiql) ‘p-g14 ‘e1el uonedyjy Jejniswolb ajewise ‘HY49o ‘uivjoidois) eydie ‘d4y ‘@selajsuesjouiwe
auluele ‘|y ‘eselajsueljoulwe oleuedse ‘|Qy ‘uiqojbowsy ‘QH (S|@0 poo|g |{uym ‘Ogan  ebuels  ejiuenbuiayul
YOI ‘ewounied Jenj@oojeday ‘DOH ‘esuodsal |eolbojosIA paule}snS ‘YAS ‘lediaijue Bunjoe-10alip ‘Yyd :Suoleinaiqqy

(Z's2) €81 (5¢2) 8 Agd+40S

(€2) €9 (6'6) 2 Z49+A93

(82) 0z (0°0) 0 JALD/NEO

(9°2¢) 9¢2 (8L v 40S/AQ1

2S00 (12e) egT (8°89) 02 ASVY+ADd
‘le 19 y ednibng

ve



35
Sugiura A et al.

Figure Legends

Figure 1.

Diagnostic ability of platelet count, AST, albumin, FIB-4, APRI, M2BPGi, and

autotaxin to predict DAA treatment failure in HCV patients. The area under the

receiver operating characteristic curve for each marker is shown.

Abbreviations: AST, aspartate aminotransferase; FIB-4, fibrosis-4 index; APRI,

aspartate aminotransferase-to-platelet ratio index; M2BPGi, macrophage

galactose-specific lectin-2 binding protein glycosylation isomer; DAA,

direct-acting antiviral; HCV, hepatitis C virus
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