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DISCUSSION

In this study, viral mutations conferring resistance to the NS5A replication

complex inhibitor daclatasvir were investigated by deep sequencing in daclatasvir

atment-naive genotype 1b HCV patients and the mutations, especially YO3H, were

letected more frequently than predicted by direct sequencing. Interestingly and
portantly, the presence of the YO3H mutation correlated with the IL28B SNP of the
suggesting the possibility that IL28B major-type patients who might show a

able response to IFN have a greater risk of being infected by daclatasvir-resistant

& i

10type 1b patients, determined from the European HCV database (n=1796) [6, 25].

- rrying mutations in both regions of NS5A (L31M/V/F and Y93H) and of NS3

168A/V) emerged in most of non-SVR patients after virological failure.

%%%% y In our study, the presence of L.31 M/V/F and Y93H mutations in
4
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tasvir-treatment naive genotype 1b patients was comparable to a previous study

which involved direct sequencing, when a cut-off value was introduced to our deep
equencing data, although the prevalence of NS5A mutants changed depending on the
ff value. However, deep sequencing analysis revealed that NSSA L31M/V/F and

3H mutations were detectable in 13/110 (11.8%) and in 34/110 (30.9%) patients,

pectively, above the background error rate of 0.1% and significantly more frequently
_ than detected by direct sequencing. These results demonstrate that deep sequencing is
uséﬁjl for the detection of viral mutants present as minor variants.

Do HCV populations with Y93H present as minor variants have any

;ciation with clinical characteristics? Interestingly, univariate analysis based on the

relationship between the presence of theY93H variant and clinical factors or factors

Then, do NS5A resistant variants with Y93H that are present prior to treatment

affect the response to daclatasvir treatment? At present, in genotype-1b infection,

This article is protected by copyright. All rights reserved.

-136 -

15



Miura et al

daclatasvir is scheduled to be used in combination with other DAAs but not with IFN.
Considering the correlation between IL28B SNPs and Y93H, and the fact that Y93H
variants might be sensitive to IFN but resistant to daclatasvir [27], patients with the
28B major-type might be recommended to receive IFN-based therapy rather than

regimens including daclatasvir, because those patients have a greater chance of

eing infected with daclatasvir-resistant Y93H variants leading to treatment failure. In

contrast, the [L28B minor-type patients who have poor responses to IFN might be more

promising candidates.

The true clinical influence of Y93H on treatment responses remain unknown

d further elucidation is mandatory after the approval of daclatasvir for clinical use. In
particular, it is important to clarify the cut off values as to the mixture ratio of Y93H to
) wild type in establishing clinical resistance, if the presence of viruses with Y93H

before treatment really does affect the response. If so, it is also important to clarify

ther the proportion of Y93H variants changes during the clinical course (the natural

a

course or during therapy including IFN) in order to determine the most appropriate

ning for introducing daclatasvir. However, it is possible for Y93H variants to

%ar after IFN treatment considering that Y93H variants might be sensitive to IFN.
%ﬁe mechanism of the relationship between the IL28B SNP and Y93H also is not clear

at present. Considering that wild-type NS5A is known to be associated in its

ISDR-region with IFN-resistance and with the IL28B minor SNPs (TG/GG) [28], it is

possible that wild-type NS5A Y93 also is associated with [FN-resistance and with
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mers in this study by searching for the most conserved sequence regions around

NS5A. We speculate that the sequence bias might have been avoided at least to some

xtent considering the fact that the NS5A mutation rate in this study was quite

npatible with that of a previous study and that obtained from the public database.

In conclusion, we detected by deep sequencing the substantial presence of

istance mutations to daclatasvir, Y93H in particular, in daclatasvir treatment naive

patients and these were not detectable by direct sequencing. We also showed that IL28B

major-type patients who have favorable responses to IFN may have a higher risk of

being infected with Y93H HCV than IL28B minor-type patients, suggesting that those

p’a‘éE nts might have a higher risk of developing daclatasvir resistance, although further

studies are needed.
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FIGURE LEGENDS
F;gure 1. The percentage of mutations in the NS5A region associated with resistance to
daclatasvir is presented, classified by the response to previous

ylated-interferon/ribavirin (PEG-IFN/RBV) therapy (Naive, Null Responder, and

Eresented, classified by the IL28B SNP (TT or non-TT). (A) NS5A aa 31, (B) NS5A

aa 93. Each bar indicates the mutation rate in one patient and a dot above a bar shows a
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ble 1. Patient characteristics classified by their responses to previous PEG-IFN/RBV
oqébination therapy
3 i
Naive Relapser Null responder
N=59 N=30 N=21 r
623 £11.5 62.7+9.1 61.2+7.7 0.719
35/24 16/14 9/12 0.427
354126 439+534 453+ 14.6 0.008
34.6 £18.5 453+732 51.8+23.5 <0.001
15.1+5.6 143+3.8 13.8+4.8 0.582
42+04 43+0.3 42+£0.5 0.334
352+37.7 37.6+45.1 67.1+£552 <0.001
57+63 45+3.6 14.7+29.0 <0.001
éére aa70 R 35 (59.3%) 23 (76.7%) 6 (28.6%) 0.003
Coreaa91 L 41 (69.5%) 18 (60.0%) 14 (66.7%) 0.672
14 (23.7%) 5(16.7%) 2 (9.5%) 0.340
29 (49.2%) 13 (43.3%) 8 (38.1%) 0.181
38 (64.4%) 27 (90.0%) 6 (25.6%) <0.001
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Table 2. Amplicon read numbers obtained by deep sequencing

N Average reads * SD*(range) / sample
59 3603.9 + 1758.4 (655-10293)

30 3980.4 + 3295.9 (445-14330)
21 4601.6 + 2385.5 (1187-9579)

7 5448.3 + 1299.1 (2277-7000)
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ents, determined by deep sequencing

Naive Relapser Null Naive Naive Relapser

responder vs. Vs, Vs,

Relapser Null Null

N =59 N=30 N=21 p p D

® AMNIF %, median (range) * 2.0 (0.0-99.8) 4.1 (0.0-100.0)) 0.2 (0.0-3.4) 0.895 0.295 0.317
- 3 Pts with L31MVIF (%)* * 8 (13.6%) 4 (13.3%) 1(4.8%) 1.000 0.510 0.612
2L %, median (range) * 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 1.000 1.000 1.000
Pts with P32L (%)** 0 (0%) 0 (0%) 0 (0%) 1.000 1.000 1.000
-9§3H %, median (range) * 11.7 (0.0-99.1)  7.9(0.0-100.0) 4.1(0.0-45.3) 0.824 0.190 0.301
s with YO3H (%)** 21 (35.6%) 10 (33.3%) 3(14.3%) 1.000 0.112 0.224

Median proportion per patient

Number of patients with the mutant
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" Univariate and multivariate analysis of factors associated with NS5A-Y93H

NS5A-Y93H substitution Univariate Analysis (N = 110) Multivariate Analysis (N =110)
N?' of Positive Negative
patients Odds Ratio (35% Cl)  p Value Odds Ratio (95% CI)  p Value
(N=34) (N=176)
265 48 16 (47.1%) 32 (42.1%) 1.22 (0.54-2.76) 0.629
50 16 (47.1%) 34 (44.7%) 1.10 (0.49-2.47) 0.821
241 38 11 (32.4%) 27 (35.5%) 0.87 (0.37-2.05) 0.746
241 33 9 (26.5%) 24 (31.6%) 0.78 (0.32-1.92) 0.590
Platelets (x104/mm3) <12 35 12 (35.3%) 23 (30.3%) 1.43 (0.61-3.33) 0.601
: n(gdl) <4 25 9 (26.5%) 16 (21.1%) 0.69 (0.28-1.70) 0.422
yGTP (UL) 241 30 10 (29.4%) 20 (26.3%) 1.25 (0.51-3.08) 0.628
210 16 5(14.7%) 11 (14.5%) 1.02 (0.32-3.20) 0.974
288 TT 7 29 (85.3%) 42 (55.3%) 470 (1.64-13.43) 0.004 3.67 (1.05-12.88) 0.042
Coreaa70 R 64 25 (73.5%) 39 (51.3%) 2.64 (1.09-6.38) 0.032 1.19 (0.40-3.55) 0.759
73 24 (70.6%) 49 (64.5%) 1.32 (0.55-3.17) 0.531
21 8 (23.5%) 13 (17.1%) 1.49 (0.55-4.02) 0.430
IRRDR** 25 54 23 (67.5%) 32 (42.1%) 2.88(1.23-6.73) 0.015 2.37 (0.98-5.74) 0.056
NS5A L31 MVIF  positive 11 2 (5.9%) 9 (11.8%) 0.46 (0.10-2.28) 0.345
0 of IFN therapy 59 21 (61.8%) 38 (50.0%) 1.62 (0.71-3.69) 0.255

ISDR mutation number
IRRDR mutation number

-
T
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2" List of Abbreviations

3 ﬁ C: Hepatocellular Carcinoma

» I: Magnetic Resonance Imaging

Ultrasonography

CT: Computed Tomography

HBYV: Hepatitis B Virus

HCV: Hepatitis C Virus

- AASLD: American Association for the Study of Liver Diseases
Is: T1-Weighted Images

11 T2WIs: T2-Weighted Images

T: Alanine Aminotransferase
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ABSTRACT

: To investigate whether the patients with hypovascular liver nodules determined on

e arterial phase and hypointensity on the hepatocyte phase gadoxetic acid-enhanced

‘magnetic resonance imaging (hypovascular hypointense nodules) are at increased risk

epatocarcinogenesis, we assessed subsequent typical hepatocellular carcinoma

HCC) development at any sites of the liver with and without such nodules.

1

10 (non-clean liver group, n = 18) and without (clean liver group, n =109) hypovascular

11 hypointense nodules. All the patients were followed-up for 3 years, and HCC

lopment rates and risk factors were analyzed with the Kaplan-Meier method and

tx e Cox proportional hazard model, respectively.

Results: A total of 17 patients (10 in the non-clean liver group and 7 in the clean liver
p) developed typical HCCs. Cumulative 3-year rates of HCC development were

% 1in the non-clean liver group and 6.4% in the clean liver group (p <0.001), and
;;the different sites from the initial nodules was also higher in the non-clean liver
p (22.2%) than the clean liver group (6.4%) (p=0.003). Multivariate analysis
dentified older age (p = 0.024), low platelet counts (p = 0.017) and a non-clean liver (p
.001) as independent risk factors for subsequent HCC development.

clusions: Patients with hypovascular hypoiﬁtense liver nodules are at a higher risk

22  for HCC development at any sites of the liver than those without such nodules.
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