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Abstract

Aim: Despite the high cure rate of interferon-free directly acting antivirals (DAAs) for chronic hepatitis C (CHC)
patients, the treatment efficacy for patients with preexisting hepatocellular carcinoma (HCC) remains undefined.
We aimed in the present study to address the issue by using novel DAAs in treating CHC patients who were
adherent to treatment in Taiwan.

Methods: CHC patients with or without HCC were consecutively enrolled. The primary objective was sustained
virological response (SVR) defined as undetectable HCV RNA throughout 12 weeks of a post-treatment follow-up
period (SVR12). Only patients with available SVR12 were enrolled for final analysis.

Results: A total of 1237 patients (1113 non-HCC, 101 inactive HCC and 23 active HCC) were enrolled. The overall
SVR12 rate was 98.9%, and was similar between HCV patients with and without pre-existing HCC (98.4% vs.
98.9%, P = 0.64). While HCC patients were classified as those who had active or inactive HCC, the SVR12 was
also similar between patients with and without active HCC (95.7% vs. 99.0%, £ = 0.34). Among the 101 patients
without viable HCC at the time of DAA initiation, eighty-four patients exhibited curative therapy and the other 17
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patients experienced HCC recurrence before DAAs. Among the 23 patients with viable HCC at the time of DAA
treatment, 10 patients had received curative therapy for HCC whereas the remaining 13 patients had HCC that
was never cured. The SVR12 rates were also similar among the four subpopulations, being 98.8% (83/84), 100%
(17/17),90% (9/10) and 100% (13/13) respectively.

Conclusion: CHC patients with HCC who were adherent to potent DAAs achieved similar SVR12 rate compared to
those without HCC and could be effectively treated.

Keywords: Directly acting antiviral, chronic hepatitis C, hepatitis C virus, hepatocellular carcinoma, sustained
virological response

INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the most common malignanciesm, which attributes to the second
cause of cancer-related death worldwide". Hepatitis C virus (HCV) infection is one of the leading etiologies
of HCC, which may account for one third of HCC patients”. On the other hand, the risk of HCC decreases
drastically after successful antiviral therapym. Interferon-free all oral directly acting antivirals (DAAs) have
become a standard of care since 2014, providing ultimately high HCV cure rate and satisfactory safety
profiles™*. Emerging evidence has also shown the benefit of DAAs in reducing the development of HCV-
related HCC'”.

Recently, the issue concerning whether pre-existing HCC would compromise the sustained virological
response (SVR) rate in chronic hepatitis C (CHC) patients with DAAs has been raised, although discordant
results might in part be attributed to different treatment regimens and patient characteristics”. In patients
with pre-existing HCC, a recent meta-analysis has shown that different treatment responses might exist
between patients with or without viable HCC at the time of initiating DAAs"”. Some of the earlier studies
used suboptimal treatment regimens that could not truly reflect the real world situation nowadays”. By
using current DAAs, an SVR rate of > 95% could be accomplished across populations[“’”]. It is therefore
crucial to revisit the issue by using potent DAAs in daily practice. In addition, HCC patients might have
more safety concerns and are more likely to have experienced treatment discontinuation'”. Unequal
tolerability might further compromise efficacy evaluation in these patients. Herein, we aimed to explore the
issue by recruiting a well-characterized patient group in terms of HCC status who were adherent to novel
DAA regimens.

METHODS

Patients receiving DAAs were consecutively enrolled from Aug 2015 to Mar 2019. The treatment strategies
were based on regional guidelines[”] and regulations of the Ministry of Health and Welfare of Taiwan.
Daclatasvir (DCV)/Asunaprevir (ASV) for HCV genotype 1 (HCV-1) and Sofosbuvir (SOF)/ribavirin for
HCV-2 have been reimbursed in Taiwan since 2017. Due to the previous relatively suboptimal treatment
responses, patients who used these regimens were excluded in the current study.

The diagnosis of HCC was ascertained by pathology or clinical judgments based on the guidelines of the
Asian Pacific Association for the Study of the Liver'" and the American Association for the Study of Liver
Diseases”. HCC was defined as curative if the initial presentation could be managed by surgical resection,
local ablation or liver transplantation. The inactive HCC indicated that patients who had non-viable HCC
were defined as if there were no image evidence of recurrence within 6 months before initiating DAA
treatment. Other patients were defined with active HCC. The Review Board of the Kaohsiung Medical
University Hospital approved the protocols that followed the guidelines of the International Conference on

Harmonization for Good Clinical Practice. All patients provided written informed consent.
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Table 1. Basic characteristics and treatment regimens of the patients with or without HCC

All patients (7 = 1237) Non-HCC (7 = 1113) HCC (7 =124) P value
Male gender, 7 (%) 542 (43.8) 477 (42.9) 65 (52.4) 0.04
Age, years (mean + SD) 61.8+11.8 611+11.8 68.5+94 <0.001
Body weight, kg (mean + SD) 63.7+124 64.0+12.5 61.0+10.7 0.005
Diabetes, 7 (%) 273 (22.1) 244 (219) 29 (23.4) 0.71
Hypertension, 77 (%) 502 (40.6) 446 (40.1) 56 (45.2) 0.27
Platelet count, x 1000/mm? (mean + SD) 170+ 70 173+ 68 144 + 84 <0.001
AST, IU/L (mean + SD) 68.4+48.0 671+45.6 79.6 £49.9 0.009
ALT, IU/L (mean + SD) 776+ 644 777 £65.3 76.8 +56.4 0.88
Serum albumin, g/dL (mean + SD) 43+04 43+04 40+0.5 <0.001
Serum bilirubin, mg/dL (mean + SD) 1.0+£0.5 1.0+£0.5 11£0.6 0.009
FIB-4 (mean + SD) 3.80+3.47 3.60+3.39 5.62+3.71 <0.001
HCV RNA, log IU/mL 5.65+1.01 5.67 +1.01 5.49+0.99 0.06
HCV genotype, 17 (%)
1 923 (74.6) 824 (74.0) 99 (79.8) 016
Non-1 314 (25.4) 289 (26.0) 25(20.0)
Liver cirrhosis, 7 (%) 597 (48.3) 516 (46.4) 81(65.3) <0.001
Decompensation, 7 (%) 28 (4.7) 20 (3.9) 8(9.9) 0.04
Prior treatment experienced*, 7 (%) 335 (27.1) 286 (25.7) 49 (39.5) 0.001
HBsAg (+), 7 (%) 83(6.7) 74 (6.6) 9(7.3) 0.8
HIV (+), 7 (%) 19 (1.5)
PWID 0.64
Past usage 31(2.5) 29 (2.6) 2(1.6)
Current usage 4(0.3) 4(0.4) 00
Regimen, 7 (%) 0.03
PrOD + RBV 423 (34.2) 370 (33.2) 53(42.7)
SOF/LDV + RBV 338(27.3) 309 (27.8) 29 (23.4)
SOF/DCV +RBV 122 (9.9) 105 (9.4) 17 (13.7)
ELB/GRZ 157 (12.7) 141Q12.7) 16 (12.9)
GLE/PIB 193 (15.6) 184 (16.5) 9(7.3)
SOF/VEL 4(0.3) 4(0.4) 0(0)
Sustained virological response, 7 (%) 1223 (98.9) 1101 (98.9) 122 (98.4) 0.64

AST: aspartate aminotransferase; ALT: alanine aminotransferase; FIB-4: fibrosis-4 index; HBsAg: hepatitis B surface antigen; PWID:
patients who inject drugs; HIV: human immunodeficiency virus; PrOD: Paritaprevir/ritonavir/Ombitasvir/Dasabuvir; DCV: Daclatasvir;
SOF: Sofosbuvir; LDV: Ledipasvir; ELB: Elbasvir; GRZ: Grazoprevir; VEL: Velpatasvir; GLE: Glecaprevir; PIB: Pibrentasvir; RBV: ribavirin;
HCC: hepatocellular carcinoma. *All interferon-based therapy

The primary outcome was treatment efficacy defined as undetectable HCV RNA at the 12-week follow-up
period after completing the anti-HCV therapy (SVR12). Only patients with available SVR12 were enrolled
for final analysis.

The HCV RNA and HCV genotypes were tested by using real-time PCR assay (RealTime HCV; Abbott
Molecular, Des Plaines IL, USA; with the detection limit: 12 TU/mL)"" defined by any of the following: liver
histology[m], transient elastography (FibroScan®; Echosens, Paris, France) > 12 kPa[”], acoustic radiation
force impulse (> 1.98 m/s)"™”, fibrosis-4 index (FIB-4, > 6.5)""" and/or the presence of clinical, radiological,
endoscopic, or laboratory evidence of cirrhosis and/or portal hypertension.

Statistical analyses

Frequency was compared between groups using the 5~ test with the Yates correction or Fisher’s exact test.
Group means (presented as the mean standard deviation) were compared using analysis of variance and
Student’s t-test or the nonparametric Mann-Whitney test when appropriate. The fibrosis-4 score (FIB-4)
was calculated as age (years) x AST (U/L)/{platelets (10°/L) x [alanine transaminase (ALT) (U/L)1}". The
statistical analyses were performed by using the SPSS 12.0 statistical package (SPSS, Chicago, IL, USA). All
the statistical analyses were based on two-sided hypothesis tests with a significance level of P < 0.05.
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RESULTS

Patient characteristics

As shown in Table 1, 1237 patients were enrolled in the current study, with their patient and viral
characteristics and treatment regimens also shown. The mean age was 61.8 years with 43.8% being males;
the most common viral genotype was HCV genotype-1 (HCV-1, 74.6%); and the proportion of patients with
liver cirrhosis was 48.3% (n = 597), whereas 28 patients (4.7%) had decompensated liver cirrhosis. Three
hundred and thirty-five patients (27.1%) failed previous interferon-based regimens, and 83 patients (6.7%)
were dually infected with the hepatitis B virus. The most commonly used DAA regimen was Paritaprevir/
ritonavir plus Ombitasvir and Dasabuvir (PrOD) (34.2%), followed by SOF plus Ledipasvir (LDV).

One hundred and twenty-four patients (10.0%) had previous history of HCC before treatment. Of them, 101
patients (8.2%) had inactive HCC whereas the remaining 23 patients (1.9%) had active HCC at the time of
DAA initiation.

Compared to patients without HCC, those with pre-existing HCC were older, had higher pretreatment
aspartate aminotransferase, FIB-4 and bilirubin levels, lower body weight, albumin and platelet counts, and
a higher proportion were males, had liver cirrhosis, and interferon-experienced history. Treatment regimens
differed among patients with or without HCC; HCC patients had a higher proportion of PrOD usage than
those without.

Treatment responses

The SVR12 rate was 98.9%, and was 99.3%, 98.7%, 97.9%, 100%, 99% and 100% in patients who received
PrOD, Elbasvir (EBR)/Grazoprevir (GZR), SOF/LDV, SOEF/DCYV, Glecaprevir (GLE)/Pibrentasvir (PIB) and
SOF/Velpatasvir (VEL) respectively. The SVR12 was similar between patients with and without pre-existing
HCC (98.4% vs. 98.9%, P = 0.64) [Table1]. While HCC patients were classified as those with active or inactive
HCC, the SVR12 was also similar between patients with and without active HCC (95.7% vs. 99.0%, P = 0.34).

Among the 101 patients without viable HCC at the time of DAA initiation, eighty-four patients were with
curative therapy and the other 17 patients experienced HCC recurrence before DAAs. Among the 23 patients
with viable HCC at the time of DAA treatment, ten patients with HCC had ever received curative therapy
whereas the remaining 13 patients with HCC had never received this. Patient and viral characteristics as well
as treatment regimens are shown in Table 2. The SVR12 rates were similar among the four populations, being
98.8% (83/84), 100% (17/17), 90% (9/10) and 100% (13/13) respectively. None of the clinical factor including
the HCC status was associated with SVR to the DAA treatment [Table 3].

DISCUSSION

In the present study in Taiwanese patients with HCC, in addition to the similar effectiveness compared to
patients without HCC by high potency DAAs, we demonstrate equivalent effectiveness also in both patients
with and without HCC. With a relatively high SVR rate by interferon-based therapy in Taiwan compared
to Western countries[zo’“], the Taiwanese National Health Insurance Scheme has reimbursed the cost of the
PegIFN/RBV therapy since 2013"”. Due to the adverse effects of the IFN-based regimen, the treatment of
patients with HCC is quite limited, even though the SVR rate is equivalent in patients with and without
HCC when patients achieved good adherence, particularly in CHC patients after successful eradication of
HCC'"™. Since 2017, DAAs have been reimbursed by TNHI (free of charge for DAA medication) in patients
with limited to advanced fibrosis and cirrhosis. The DAA treatment then became the standard treatment of
CHC in Taiwan for patients fulfilling the reimbursement criteria, instead of interferon-based therapy. The
high SVR rate has been reported as more than 97% in patients who completed the duration of therapy by
ASV plus DCV if the patients had no NS5A mutants, PrOD with/without RBV and GZR/EBR with/without
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Table 2. Characteristics of patient with HCC history and cancer status at the time of DAA treatment
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Inactive HCC Active HCC
Curative & non-viable Recurrent & non-viable Once curative & viable Never curative & viable
(n=84) n=17) (n=10) n=13)

Male gender, 7 (%) 40 (47.6) 11(64.7) 6 (60) 8 (61.5)
Age, years (mean + SD) 68.8+9.9 678173 70.2+83 66.6 +9.7
Body weight, kg (mean + SD) 60.7 +£10.5 59.9+10.9 61.9+12.8 63.8+111
Diabetes, 7 (%) 15 (17.9) 8 (47.1) 2(20) 4(30.8)
Hypertension, 7 (%) 39 (46.4) 8 (47.1) 5(50.0) 4(30.8)
Platelet count, x 1000/mm? (mean + SD) 146 £ 94 140 + 53 152455 135+ 65
AST, IU/L (mean + SD) 82.3+56.1 729+36.7 71.5+34.7 77.2+29.8
ALT, IU/L (mean + SD) 77.3+59.7 71.6 £48.8 77.6 +59.8 80.3+45.8
Serum albumin, g/dL(mean + SD) 4.0+05 39+0.5 41+0.3 39+0.6
Serum bilirubin, mg/dL (mean + SD) 11+0.5 1.0+04 1.0+05 1.3+0.9
FIB-4 (mean + SD) 577 +373 531+3.84 449 +2.47 593+4.41
HCV RNA, log IU/mL 5.50 +1.00 5.51+0.93 5.48 +0.97 5.40 +1.07
HCV genotype 1,77 (%) 70(83.3) 13 (76.5) 6 (60.0) 10 (76.9)
Liver cirrhosis, 7 (%) 54 (64.3) 10 (58.8) 6 (60.0) 11(84.6)

Decompensation, 77 (%) 5(6.0) 1(5.9) 0(0) 2 (15.4)
Prior treatment experienced*, 7 (%) 36 (42.9) 4 (23.5) 5(50.0) 4(30.8)
HBsAg (+) 3(3.6) 5(29.4) 1(10.0) 0(0)

PrOD + RBV 42 (50.0) 3(17.6) 5(50.0) 3(233)

SOF/LDV + RBV 22 (26.2) 3(17.6) 1(10.0) 3(23.3)

SOF/DCV +RBV 8(9.5) 4(23.5) 3(30.0) 2(15.4)

ELB/GRZ 6 (7.1 6(35.3) 1(10.0) 3(233)

GLE/PIB 6 (7.1 1(5.9) 0(0) 2 (15.4)
Sustained virological response, 7 (%) 83(98.8) 17 (100) 9(90) 13 (100)

HCC: hepatocellular carcinoma; DAA: directly acting antivirals; AST: aspartate aminotransferase; ALT: alanine aminotransferase; FIB-
4: fibrosis-4 index; HBsAg: hepatitis B surface antigen; PrOD: Paritaprevir/ritonavir/Ombitasvir/Dasabuvir; DCV: Daclatasvir; SOF:
Sofosbuvir; LDV: Ledipasvir; ELB: Elbasvir; GRZ: Grazoprevir; VEL: Velpatasvir; GLE: Glecaprevir; PIB: Pibrentasvir; RBV: ribavirin. *All
interferon-based therapy

RBV"™. Since 2019, patients with all stages of fibrosis have been reimbursed for DAA therapy, and all high
potency first-line DA As are available. The treatment of CHC has come to a new era including all subgroups
of patients including patients with HCC particularly in patients with liver function impairment with the
administration of new agents with SOF/LDV or SOF/VEL but not protease inhibitors.

The cure for HCV in HCC patients is encouraged by association with increased overall survival in these
patients by interferon-based therapy, as per reports by Singal et al.”” and Morgan et al.* Recently the benefits
of the eradication of HCV infection by DAAs have also been elucidated by Kamp et al. ) and Dang et al. el
Nevertheless, the potentially suboptimal antiviral treatment efficacy by DAAs has been reported by some
studies indicating treatment inferiority for HCC patients. Beste et al.”” reported the presence of HCC
being associated with lower likelihood of SVR with SOF, SOF/LDV, and PrOD with or without ribavirin.
Saberi et al."” have observed a high rate of viral relapse after DAA treatment in patients with a concurrent
HCC diagnosis in their case series. Prenner et al.”” have reported that when considering the treatment efficacy,
presence of active HCC at the initiation of HCV therapy is significantly associated with DAA treatment
failure. Radhakrishnan et al.*" reported the presence of HCC was associated with significantly lower odds of
achieving SVR compared to those who had no HCC. However, HCC treatment status was not associated with
SVR among those with HCC.

A recent meta-analysis including 49 studies from 15 countries concluded that compared to those without
HCC, SVR rates were lower in patients with HCC, especially with active HCC". Patients with HCC treated
with SOF/LDV had lower SVR rates than patients without HCC (92.6%, n = 884 vs. 97.8%, P = 0.026) and
active/residual HCC than patients with inactive/ablated HCC (SVR 73.1% vs. 92.6%, P = 0.002). The role of
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Table 3. Factors associated with SVR

Non-SVR (7 =14) SVR (7 =1223) P value
Male gender, 7 (%) 8 (571 534 (43.7) 0.31
Age, years (mean + SD) 58.8+11.3 61.9+11.8 0.33
Body weight, kg (mean + SD) 709+16.8 6331123 013
Diabetes, 7 (%) 3(21.4) 270 (22.1) 1.00
Hypertension, 77 (%) 3(21.4) 499 (40.8) 014
Platelet count, x 1000/mm? (mean + SD) 176 £79 170+ 70 0.77
AST, IU/L (mean + SD) 79.8 £58.0 68.2+47.8 0.47
ALT, IU/L (mean + SD) 86.8+529 775+64.6 0.53
Serum albumin, g/dL (mean + SD) 43+05 43+04 0.48
Serum bilirubin, mg/dL (mean + SD) 11£0.5 1.0+£0.5 0.34
FIB-4 (mean + SD) 5.08 £7.21 379+3.41 017
HCV RNA, log IU/mL 5.88+0.97 5.65+1.01 0.40
HCV genotype 1,7 (%) 10 (71.4) 913 (74.7) 0.76
Liver cirrhosis, 7 (%) 5(35.7) 592 (48.4) 0.43
Decompensation, 7 (%) 0 (0) 28(0.2) 1.00
Prior treatment experienced*, 7 (%) 4 (28.6) 331(27.1) 1.00
HBsAg (+) 0(0) 83(6.8) 0.62
Regimen, 7 (%) 0.44
PrOD + RBV 3(21.4) 420 (34.3)
SOF/LDV + RBV 7 (50.0) 331271
SOF/DCV + RBV 0(0) 122 (10.0)
ELB/GRZ 2(14.3) 155 (12.7)
GLE/PIB 2(4.3) 191 (15.6)
SOF/VEL 0(0) 4(0.3)
HCC history, 7 (%) 0.34
No 12 (85.7) 1101 (90.0)
Yes, non-viable 17D 100 (8.2)
Yes, viable 171 22 (1.8)

AST: aspartate aminotransferase; ALT: alanine aminotransferase; FIB-4: fibrosis-4 index; HBsAg: hepatitis B surface antigen; PrOD:
Paritaprevir/ritonavir/Ombitasvir/Dasabuvir; DCV: Daclatasvir; SOF: Sofosbuvir; LDV: Ledipasvir; ELB: Elbasvir; GRZ: Grazoprevir; VEL:
Velpatasvir; GLE: Glecaprevir; PIB: Pibrentasvir; RBV: ribavirin; HCC: hepatocellular carcinoma; SVR: sustained virological response. *All
interferon-based therapy

the different DAA regimens on the impact of SVR in patients with HCC remains unclear”’ It is noteworthy
that in some studies, patients may receive possibly inadequate or low-potency treatments such as simeprevir/
SOF 12 weeks, SOF/LDV 12 weeks in treatment-experienced patients or SOF/ribavirin regimens. It is
interesting as to whether the regimens influence the SVR rate. In the present study, we observed similar SVR
rates between patients with and without HCC, or HCC patients with and without active diseases in patients
with adherence to potent DAAs. The very high SVR rates (> 98%) might prevent negative impact on the
responses. Our study has emphasized the importance of potent DAAs in addition to good compliance in
patients with HCC.

It is not clear why the presence or history of HCC might influence the likelihood of achieving SVR. We
propose some mechanisms for the suboptimal effects of DAAs in patients with HCC. Firstly, tumor cells
serve as a sanctuary site for HCV where the replication of the HCV is preserved””. Secondly, HCV within
tumor cells might evade the antiviral effects of DAA therapy due to ineffective blood delivery to the target
site”™”!. Thirdly, poor cancer immunity and altered tumor microenvironment has also been linked to altered
antiviral efficacy of DAA therapy[as]. Since the SVR is highly related to the effective distribution of the drug,
different vascularity changes in HCC or the treated HCC might also be causative. In our patients, good
adherence and sufficient duration and dosage of the DAAs might have possibly overcome the barriers for
efficacy by HCC.
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There are some limitations in the present study. Firstly, a retrospective observational study design may
possess some selection bias in obtaining the real efficacy of the therapy. Secondly, we did not record the
real-world withdrawal rate of the HCC patients receiving the DAAs although the treatment duration was
shortened and the potency increased by the currently widely used DA As, which may have improved the rate
of complete treatment and discontinuation significantly. Thirdly, with a high cure rate for HCV, we did not
observe any impact of the DAA therapy on the natural course of the HCC. The controversies of the influence
of HCV therapy by DAAs have been discussed with more evidence from the recent systematic reviews and
meta-analyses disputing the unfavorable effects on the development of more advanced recurrence or early
recurrence in patients with HCcCP Lastly, because of the relatively small number of HCC patients treated
by DAAs in our study, the statistical non-significance in HCC and non-HCC patients possibly needs further
large-scale studies for validation.

In conclusion, we have demonstrated similar SVR rates in patients with HCC, either active or inactive,
receiving a complete course of potent DAAs in Taiwan. With high potent DA As available and easier and
more convenient care including shorter duration and less adverse effects during treatment, our results
suggest the importance of adherence to DAA therapy and the preference of treating HCV aggressively for
HCC patients in clinical settings in Taiwan.
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