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Table 1 Distributions of etiologic factors in each

Table 2 Changes of the average age of hepatocelul-

term lar carcinoma development in each etiologic factor
B (%) C (%) AL (%) UN (%) B C AL UN
1%t term 263 487 6.6 26 1%t term 5910 638 605 69x6
2M term 126 769 42 21 2 term 64x10 67+8 551 575
3rd term 10.1 75._7 7.7 12 3rd term 57x8 697 654 698
4t term 847 8271 52 26 4t term 58 +10 71+8* 689 721458

Tp < 0.01, compared to 1st term
Abbreviations: B, HBV; C, HCV; AL, alcohol: UN, unknown

age: yrs.=SD
*p < 0001, compared to 15t term, 2nd term, 3 term
§p < 0.05, compared to 274 term

Table 3 Changes of the average age of hepatocelullar carci-
noma development in male and female

all cases male  female p
1%t term 62x9 638 6010 N.P
2md term 656+9 648 63+381 < 005
3 term 67+8 658 696 <001
4% term 69+ 9* 68+£9*5§ 72+ 8* <001
age: yrs. =SD

*p < 0001, compared to 15t term, 20 term, 34 term in all cases, to Ist
term, 27 term in male, to 1%t term in female

§p < 005, compared to 3¢ term

tp < 001, compared to 314 term, 4th term

Table 4 Changes of age distribution in cases with HBV and HCV related HCC in each term

< 41y 41-50y 51-60y 61-70y 71y <
B (%) C%  B@®% C@%) B®%) C (%) B (%) C (%) B (%) C (%)
Iterm 1(25) 0 6 (15) 226) 12300 30(395*** 16(0) 27 (355)* 5(125) 17(22.3)
2dterm 1(5.6) 101 0 3@26) 3(167 242098 9060 61 (GI** 5278 26 (226)
Jdterm 1(6.3 0 23125 101 6375 217158 4(125) 71(534)% 3(188) 40 (30)7
4 term 1(59) 0 2(118) 527 5(294) 16(86) 7(412) 62(333) 2(11.8) 103 (55.3)%*

C: *p < 0001, **p < 00001, §p < 005, compared to 4t term in 51-60y. *p < 0.001, compared to 20, 3rd term, * *p < 0.0001,
§p < 005, compared to 4th term, in 61-70y. **p < 0.001, compared to 1t term, 2nd term, Tp < 0.01, compared to 4th term in 71y <

Table 5 Changes of gender distribution of hepato-
celullar carcinoma development in each term

LELTRDEENE Ro TV ENEELE I LD -

2. BRIGAEIBERE»OORBIEL B L

male female male/female s,
1 term 126 2% 48 OMMRHT + ERRROBIEIT &
2" term 107 36 30t LEEOMERE FER T & 7D 655 B 317 Bl & &4k
31 term 119 50 248 OBHFBN D W72 % VO TIEBN bias 2 Ho T 5
4% term 113 78 14 TTREFES ) 1CG20% LA, PLT15 B 2AL, PT>90%,

*p < 0001, Tp < 001, $p < 005, compared to 4% term
in male/female

SEHIRE FO 05 b 3B L2 561 % BB I
BYERFSL L7 MEBIHICEERNZE M 722 619
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Table 6 Changes of frequency and gender distribution in cases
with histologically chronic hepatitis in the noncarcinomatous part

of the liver
CH/all cases male/female (ratio) age
15t term 15/74 (20.3%) 13/2 (6.5) 625+94**
2" term 17/74 (23%) 14/3 4.7 64.0+97*
3rd term 32/97 (33%) - 26/6 (4.3) 68.7+£89%
4t term 16/8 (2) 68887

24/72 (33.3%)

CH, chronic hepatitis

**p < 00001, *p < 0001, §p < 0.05, compared to 4th term

Table 7 Changes of frequency and gender distribution in cases
with histologically and clinically chronic hepatitis

CHvall cases male/female (ratio) age
18t term 27/142 (19%) 24/3 (8)8 61+ 10*
2" term 287132 (21.2%) 22/6 (3.7 : 65+97
3rd term 41/159 (25.7%) 31710 (3.1) 688
4t term 53/186 (28.5%) 37/16 (2.3) 69+8

CH, chronic hepatitis,
§p < 0.05, compared to 4th term

*p < 0001, *p < 001, compared to 4th term

BITHRES L - R IR Z I BI0 & & 7 LB
ROEDDEEIE 19%, 21.2%, 25.7%, 285% L 4E 4
Bl o TV ANEBRZR 2h o7 BRI S, 37,
31, 23 LEA LMD EDEEENE L hoTWD. &
BERLELBRBILLTV S,
(7) ERAEHOERINEBEESOLE (Table 8)
O&BIO LB : BRAFHEH 106 BIOTFIERIE 64+
S THERM 2 A 0F L 22\ 549 BID TR 66 +9 2% &
D ERICRBERIED o 2.
QFFHFICHET 2 L 3WOAEEEIEZD A
T2 BERFBEHED 6475 vs. EL 678 %).
(8) BMEESHOEBIIRBERDLE (Table 9)
O2FIDE : BIESHE 100 BIOTHERIL 69+
TRTEBF L v 555 BIOTFHER 66 £9 M L ) I
RBEMIVE o 1.
QFEHNICHET 2 L WFhOBE LB LES
HBIOIE ) P RIBERIIE D o 2 AEEZ 1A b1
ho .
(9) UNBICHWT
UNBFUFOEEET LD L EEIE 50~78 B (F
BHOT+8k, BIHKTH), WML 1 B

7P12*DM, BME, BEMEOVTFALESH (DM
561, BILESH, WiEm1B)L, 6HITIE20%4
BHEE L TV 7z, BMII5~32.2(F3 28+9), 2044t
185 LT DEARE D 1 6, 185~25 DY @BIKE AT 4 4,
25~30 DR L LiGAS 5 B, 30~35 DB AT 1 6T
UN #24 TS 2 2 REEI D 2 v, S BT
B 46, FEESH, EEF16. FERRED
EoNITIIFREREORBBIES 76, hERTE
Berb 46, BRERER, BOME %E BEERERs

DEHEIERTHEADIFITH 5.
£ B

HCC DRI X713 hF Tl ohifESh T
TCHICHLTIIIFEE, Bit, BRE 7ra—-1
HIEA] H 50g B\ b, BREBERIER, HIV L0
ERRS, BERBELV LE#EO4&P, HCVib &, AFP
BEAYY HBV MEFEE TR ZHBER, ICG
PHYEILAETFTHE9. WIFnLFEEILELR
DN A7 Tha. Bil, REEBROBRILLLDIC
B 2R B AR B R BB & BT 5515 £
TVWHHIRZ D 5D TSE, hOEREHETR
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Table 8 Comparison of the average age of hepatocelullar carcinoma devel-
opment between the cases with and without diabetes mellitus in each term

With diabetes mellitus

Without diabetes mellitus

n (%) age (yrs) n (%) age (yrs)
Total 106 (16.2) 648 549 (83.8) 66+9 < 0.05
1%t term 20(13.2) 62+8 132 (86.8) 629 N.S
2 term 24 (16.8) 62+7 119 (83.2) 659 NS
3rd term 31(18.3) 647 138 (81.7) 678 < 005
4th term 31 (16.2) 6610 160 (83.4) 709 N.S

Abbreviation: DM, diabetes mellitus

Table 9 Comparison of the average age of hepatocelullar carcinoma devel-
opment between the cases with and without hypertension

With hypertension

Without hypertension

n (%) age (yrs) n (%) age (yrs) P
Total 100 (15.3) 69+7 555 (84.7) 669 <001
1t term 13 (86) 66+ 6 139 91.4) 629 N.S
2rd term 25 (17.5) 66+7 118 (82.5) 65+9 N.S
3 term 27 (16.0) 687 142 (84.0) 678 NS
4t term 35 (18.3) 71+5 156 (81.7) 70+9 NS

Abbreviation: HT, hypertension

FIZBT 2 ERHER E T L 2.
WARGFETIE BRID Y, CAII#mM, AL, UN
BHIEWTH 5. BE, CRTREBMORY Y —=2
PHEVETERSROYRICLY, $-BRTIRY >
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WEEDHEDPLE L ALNB IR, FDYRY
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BREDOBRIRBRINTVRY. ERFEENLEE, C
BFRLT V- NVEFEED L S 2SRRI
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W25 B, BERB1AICT XY, BRUSCHS
PRFBIIRBE ke h oz,

BRI 148 ThHho7-DD 4 TIT 14 L &t
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CHIIKIE, SN RLORBIBEBRTLIATRY

ANLHHHO HARVEVDEDBHRELTNEDD,
K2 2bodHE, TROFEIEMLTWEDIR
THBEOBBRILLBERL TS LEbNS.

— B EREIEEE IR TREEVETHAL
., #EMIRE O apoptosis 1= X 2 RBIHIET 5 57-9
WRB LTV EHRB SN LA, HCC THLAETRE
FHIIEL4BHILL TS, BEIIIZIZRLAHC
B, AL, UNPEEHILLTWwE, f¥¥%—7z0V
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LZEDHREAICE 2 ALT 2V ba— Vil s b g
{LDOETHAF SN 2D EOWRESREZ 5D

S, AHEOIFNZESFIZ 1238 2%), B 1

Bl 261, 28H%1261(84%), 5 7HIK 55, 3 M
34 $1(20.1%), 55 24 BIZ 10 B, 4 #7725 H1(131%),
BBHAKLR2ALLTLIZVDITIEES, Lrd
BEHIZBHEOHHE V. £/ AL, UN THEEIEL
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FRLTWER2S Lk,
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Chronological analysis for the hepatocellular carcinoma development
Michiyasu Yagura*, Akihisa Tanaka, Masanobu Iri, Hiroshi Kamitsukasa -

We chronologically analyzed the hepatocellular carcinoma cases during 1885 to 2005 every five years, i.e.
Ist. term (1986~90), 2nd. term (1991~95), 3rd. term (1996~2000), 4th. Term (2001~(55), respectively. HBV group
has slightly decreased, HCV group has slightly increased and alcoholic group whose ethanol consumption is -
over 80g per day for more than 10 years and UN group in which HBV, HCV and AL group were excluded has
remained unchanged in frequency,respectively. Female's percentage of HCC development has increased. The
age of HCC development has been getting older year by year, except for HBV group which has remained un-
changed. The percentage of chronic hepatitis in noncarcinomatous part of the liver has increased. The age of
HCC development is significantly lower in patients with DM, on the other hand significantly higher in patients
with hypertension. The above results suggest that we must pay attention to HCC development even in case of
histologically or clinically chronic hepatitis in the elderly patients.
Key words: hepatocellular carcinoma HBV HCV chronic hepatitis epidemiology
: Kanzo 2007; 48: 598—603
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Serum HBV RNA is a Predictor of Early Emergence of
the YMDD Mutant in Patients Treated with Lamivudine

Tsuyoshi Hatakeyama,'-? Chiemi Noguchi,'? Nobuhiko Hiraga,'? Nami Mori,'2 Masataka Tsuge,'? Michio Imamura,
Shoichi Takahashi,'? Yoshiiku Kawakami, Yoshifumi Fujimoto,23 Hidenori Ochi, >3 Hiromi Abe,}23

Toshiro Maekawa,’ Hiroiku Kawakami,? Hiromi Yatsuji,'? Yasuyuki Aisaka, Hiroshi Kohno,’
Shiomi Aimitsu,> and Kazuaki Chayama' 23

Lamivudine (LAM) is a nucleoside analogue widely used for the treatment of chronic hep-
atitis B virus (HBV) infection. Emergence of resistant strains with amino acid substitutions
in the tyrosine-methionine-aspartate-aspartate (YMDD) motif of reverse transcriptase is a
serious problem in patients on LAM therapy. The amount of covalently closed circular DNA
in the serum is reported to be higher in patients who develop YMDD mutants than in those
without mutants. However, there is no useful serum marker that can predict early emergence
of mutants during LAM therapy. Analysis of patients who were treated with entecavir (n=
7) and LAM (n = 36) showed some patients had high serum levels of HBV RNA. Median
serum levels of HBV RNA were significantly higher in patients in whom the YMDD mutant
had emerged within 1 year (n = 6, 1.688 log copies/ml) than in those in whom the YMDD
mutant emerged more than 1 year after treatment (n = 12, 0.456 log copies/ml, P = 0.0125)
or in whom the YMDD mutant never emerged (n = 18, 0.688 log copies/ml, P = 0.039).
Our results suggest that HBV RNA is a valuable predictor of early occurrence of viral

mutation during LAM therapy. (HEPATOLOGY 2007;45:1179-1186.)

he hepatitis B virus (HBV) is a member of the
hepadnaviridae family. Worldwide, approxi-
mately 350 million people are estimated to be
chronically infected with HBV.! Patients with chronic
HBYV infection develop chronic hepatitis, cirrhosis, and
hepatocellular carcinoma, accounting for approximately
1 million deaths per year.2 Recently, inhibitors of reverse

Abbreviations: cceDNA, covalently closed circular DNA; ETV, ensecavir; HBV,
bepatitis B virus; LAM, lamivudine; PCR, polymerase chain reaction; RT, reverse
transcription; TMA-HPA, transcription-mediated amplification and hybridiza-
tion protection assay; YMDD, tyrosine-methionine-aspartate-aspartate.
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transcriptase have been developed and widely used for
patients with chronic HBV infection. Lamivudine
(LAM), a cytosine nucleoside analogue, was first devel-
oped as an antiviral agent against HIV and later was used
effectively against HBV because HBV also uses reverse
transcriptase for replication.?# Because LAM suppresses
HBV replication, patients who are treated with LAM
show a decreased level or disappearance of HBV DNA in
serum and hepatitis B e antigen, normalization of serum
alanine aminotransferase (ALT) level, and histological
improvement.>'? However, discontinuation of therapy
often leads to reactivation of HBV.6:813.14 Therefore,
long-term therapy is necessary for many patients with
chronic HBV infection. During long-term LAM therapy,
drug-resistant mutants with amino acid substitutions in
the tyrosine-methionine-aspartate-aspartate  (YMDD)
motif emerge, resulting in expression of HBV DNA in-
creasing again and in worsening of hepatitis.610.15-18
Moreover, some patients develop a severe flare-up of hep-
atitis that could lead to fatal hepatic failure. Therefore,
prediction of the emergence of YMDD mutants is an
important issue.

In our hunt for useful serum markers to detect the early
emergence of YMDD mutants, we noticed some patients
who showed a discrepancy in the expression of HBV
DNA measured by the transcription-mediated amplifica-
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Table 1. Clinical Characteristics of the 3 Groups

Group A Group B Group €
Number 6 12 18
Age, median (range) 50 (37-67) 49 (31-66) 49 (27-68)
Sex (M:F) 33 9:3 13:5
Observation period (months) 34.5 (13-58) 38(16-64) 34 (13-58)
Time before emergence of mutants: (months) 8.5(4-11) 19 (13-36)
HBV DNA (LGE/m) 7.8 = 0.95 6.13 £ 084 6.64 + 1.63
Hbe-antigen-positive 4 (66.7%) 6 (50%) 10 (55.6%)
Hbe-antibody-positive 1(16.7%) 6 (50%) 9 (50%)
ALT (U/1) 136.1 = 122.8 114.5 = 104.1 129.8 + 206.4

Group A: patients who showed early emergence of the mutants (within 1 year).
Group B: patients who developed resistance after 1 year of LAM therapy.
Group C: patients in whom mutants did not develop.

tion and hybridization protection assay (TMA-HPA) and
that measured by the Amplicor HBV Monitor test. Be-
cause the former method detects both HBV DNA and
HBV RNA, we thought that the difference in measure-
ment by the 2 methods was a result of the presence of a
large amount of HBV RNA.19-21 We thus studied patients
with chronic HBV infection who were being treated with
LAM or entecavir (ETV) for the presence of HBV RNA.
We also assumed that the presence of a large amount of
HBV RNA would indicate that transcription and virus
particle formation were still active in such patients. We
thus assessed the value of this indicator in the prediction
of the emergence of YMDD mutants during LAM ther-

apy
Patients and Methods

Patients. We studied 36 patients with chronic hepa-
titis B who were being treated with LAM from 2001 to
2006 at Hiroshima University Hospital, Kawakami
Clinic, and Hiroshima Red Cross Hospital and Atomic
Bomb Survivors Hospital. We also analyzed 7 patients
who were being treated with ETV from 2004 to 2006 at
Hiroshima University Hospital. No patients showed clin-
ical signs of cirrhosis or hepatocellular carcinoma. They
were not treated with other antiviral agents, corticoste-
roids, or immunosuppressant drugs during LAM/ETV
therapy. The LAM-treated patients were 25 men and 11
women whose median age was 52 years (range 27-68
years; Table 1). They were divided into 3 groups (groups
A, B, and C) according to how long it took for YMDD
mutants to appear. Group A (n = 6) was composed of
patients who showed early emergence of the mutants
(within 1 year); group B (n = 12) had patients who de-
veloped resistance after 1 year of LAM therapy; and group
C (n = 18) was composed of patients who did not show
resistance to LAM therapy. Each of the 36 patients re-
ceived 100 mg of LAM daily for 4-58 months (median,

21.5 months). All patients continued LAM therapy
throughout the course of the study. Patients in the ETV
group were 6 men and 1 woman whose median age was 37
years (32-50 years). They reccived 0.01-0.5 mg of ETV
daily for 21-28 months (median, 25 months), and all
patients continued ETV therapy throughout the course of
the study. Blood samples were obtained from patients of
both groups just before commencement of antiviral ther-
apy and every 4 weeks during therapy. Informed consent
was obtained from each patient.

Quantification of HBV DNA. HBV DNA serum
level was determined by using the TMA-HPA (Fujirebio
Inc., Tokyo, Japan) and the Amplicor HBV monitor test
(Roche Diagnostics, Tokyo, Japan). The measurement
range of the former assay is 10%7-10%7 genome equiva-
lents (GE)/ml (3.7-8.7 LGE/ml),?2 whereas the range of
the latter test was 10%6-107¢ copies/ml (2.6-7.6 log copies/
ml).2? These quantitative assays of HBV DNA were per-
formed at the Special Reference Laboratory (Tokyo, Japan).

Extraction of Nucleic Acid of HBV and Reverse
Transcription. Nucleic acid was extracted from 100 uL
of serum by the SMITEST (Genome Science Laborato-
ries, Tokyo, Japan) and dissolved in 20 pL of H,O for
DNA analysis or 8.8 uL of ribonuclease-free H,O for
RNA analysis. The latter solution was reverse-transcribed
by using random primer (Takara Bio Inc., Shiga, Japan)
and M-MLV reverse transcriptase (ReverTra Ace,
TOYOBO Co., Osaka, Japan). In the next step, 25 pM of
random primer was added to 8.8 uL of nucleic acid ex-
tract and heated at 65°C for 5 minutes. The samples were
set on ice for 5 minutes. Then 4 uL of 5X reverse tran-
scription (RT) buffer, 2 uL of 10 mM dNTPs, 2 nL of
0.1 M dithiothreitol (D'TT), 8 units of ribonuclease in-
hibitor, and 100 units of M-MLV reverse transcriptase
were added to each sample. The reaction mixture was
incubated at 30°C for 10 minutes and 42°C for 60 min-
utes, followed by inactivation at 99°C for 5 minutes.
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Quantitative Analysis of HBV DNA by Real-Time
Polymerase Chain Reaction. One microliter of DNA
solution or cDNA solution was amplified by real-time
polymerase chain reaction (PCR) with an ABI Prism
7300 Sequence Detection System (Applied Biosystems,
Foster City, CA) according to the instructions provided
by the manufacturer. Amplification was performed in a
25-pL reaction mixture containing SYBR Green PCR
Master Mix (Applied Biosystems, Foster City, CA), 200
nM of forward primer (5'-TTTGGGGCATGGACAT-
TGAC-3’, nucleotides 1893-1912), 200 nM of reverse
primer (5'-GGTGAACAATGGTCCGGAGAC-3’, nu-
cleotides 2029-2049), and 1 uL of DNA or cDNA solu-
tion. After incubation for 2 minutes at 50°C, the sample
was heated for 10 minutes at 95°C for denaturing, fol-
lowed by a2 PCR cycling program consisting of 40 2-step
cycles of 15 seconds at 95°C and 60 seconds at 60°C. The
lower detection limit of this assay was 103 copies/ml.

Confirmation of Presence of HBV RNA in Serum
by RNase Digestion. To confirm the presence of HBV
RNA, nucleic acid extracted from the serum samples by
SMITEST (Genome Science Laboratories, Tokyo) was
digested with 1 pg/uL of RNase A (Wako Pure Chemical
Industries, Osaka, Japan) at 37°C for 60 minutes, di-
gested with proteinase K (New England Biolabs Inc., Ip-
swich, MA) at 37°C for 60 minutes, extracted with
phenol/chloroform, precipitated with ethanol, and dis-
solved in water. Treated nucleic acid with or without
RNase was analyzed by real-time PCR after reverse tran-
scription with a random primer and reverse transcriptase,
as already described.

Detection of YMDD Mutant. Mutations in the
YMDD motif of reverse transcriptase of HBV were exam-
ined by PCR with peptide nucleic acid clamping, as de-
scribed previously.24

Statistical Analysis. Differences berween groups
were examined for statistical significance using the Stu-
dent t test, and correlations of parameters were examined
by the Spearman’s rank correlation. A difference with a P
value less than 0.05 was considered statistically signifi-
cant. All statistical analyses were performed with StatView
version 5.0 (SAS Institute, Cary, NC).

Results

HBV DNA Levels Determined by TMA-HPA and
Amplicor HBV Monitor Test During ETV Therapy.
High expression of HBV RNA was initially observed by
measuring HBV nucleic acid with the TMA-HPA and
HBV DNA with the Amplicor HBV monitor test. As
shown in Fig. 1, expression of HBV nudleic acid was

higher than HBV DNA during the initial 6 months of
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Fig. 1. Time courses of serum HBV DNA and ALT levels of patients
treated with ETV. Expression of HBV nucleic acids determined by the
TMA-HPA was higher than that determined by the Amplicor HBV Monitor
test soon after beginning administration of ETV. The discrepancy was less
marked when both measurements were fow and when both were nega-
tive.

ETV therapy. We assumed that the discrepancy in the
measurements by these 2 methods was a result of the large
amount of HBV RNA in the serum because the TMA-
HPA measures both HBV DNA and HBV RNA, whereas
the Amplicor HBV monitor test detects only HBV DNA.
We measured the HBV nucleic acid levels in the 7 pa-
tients who received ETV therapy 3 and 6 months after the
start of therapy. The HBV nucleic acid levels of all 7
patients determined by the TMA-HPA were 10-100
times higher than those determined by the Amplicor
HBV Monitor test except for 2 patients who received a
small amount (0.01 mg) of ETV (Fig. 2). The small dif-
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Fig. 2. Correlation of HBV nucleic acid levels determined by the

TMA-HPA with HBV DNA levels determined by the Amplicor HBV Monitor
test during ETV therapy. Serum samples obtained from the 2 patients
who received low-dose ETV (0.01 mg) are indicated by arows. The
vertical and horizontal dotted lines indicate the lower detection limits of
the Amplicor HBV Monitor test and the TMA-HPA, respectively.
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ference in nucleic acid level of these patients is probably a
result of the small effect of the small amount of ETV.

Comparisons of HBV Nucleic Acid and DNA Val-
ues Determined by 4 Measurement Methods— TMA-
HPA, Amplicor Monitor Test, In-House Real-Time
PCR Assay, and Real-Time RT-PCR—in Patients
Treated with ETV. We measured HBV DNA by in-
house real-time PCR and HBV nucleic acid by real-time
RT-PCR using serum samples obrained from the patients
after 3 and 6 months of ETV therapy and compared these
values with those obtained by the TMA-HPA and the
Amplicor monitor test. HBV DNA determined by real-
time PCR correlated well with that obtained by the Am-
plicor HBV Monitor test (r = 0.968, P < 0.0001; Fig.
3A), but not with HBV nucleic acid determined by the
TMA-HPA (r=0.210,P = 0.5608; Fig. 3B). Expression
of HBV DNA determined by the in-house real-time PCR
assay was 10'3-102 higher than that determined by the
Amplicor HBV Monitor test. We confirmed the accuracy
of our assay using limiting dilution and detection with
nested PCR assay. When we diluted the standard samples
used in our in-house assay to 1 copy/uL, we detected
them by nested PCR using 1 L of such samples. Three of
the 10 (30%) samples tested positive by nested PCR. We
thus conclude that our assay accurately measure the
amount of HBV DNA in serum.

To examine if measurement by the TMA-HPA re-
flected the total amount of HBV RNA and HBV DNA in
serum samples, we performed real-time RT-PCR using

Monitor test or TMA-HPA and in-
house real-time PCR, respectively.

serum samples obtained from patients after 3 and 6
months of ETV therapy. In contrast to the values deter-
mined by real-time PCR without RT, the measurement
of HBV nucleic acid determined by RT-PCR did not
correlate well with that obtained by the Amplicor HBV
Monitor test (r = 0.359, P = 0.2790; Fig. 3C), but did
correlate well with that obtained with the TMA-HPA
(r=10.955, P < 0.0001; Fig. 3D). These results show that
the TMA-HPA measures both HBV DNA and HBV
RNA in serum. To further confirm the presence of HBV
RNA, we digested 3 nucleic acid samples arbitrarily
picked from serum samples obtained from patients
treated by lamivudine for 3 months, by RNase A. As
shown in Fig. 4, RNase treatment reduced the amount of
HBV DNA detected by real-time RT-PCR to about 1%
of that originally detected.

HBYV DNA Levels Determined by TMA-HPA and
Amplicor HBV Monitor Test during LAM Therapy.
We then investigated the levels of HBV DNA in serum
samples obtained from 36 patients after 3 and 6 months
of LAM therapy. In some patients, HBV DNA was al-
ready negative after 3 and 6 months of therapy (Fig. 5).
Similar to the results obtained from patients treated with
ETV, comparisons of values obtained from patients who
showed measurable HBV DNA levels revealed that HBV
nucleic acid levels determined by the TMA-HPA tended

to be higher than those determined by the Amplicor HBV
Monitor test (Fig. 4).
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Fig. 4. Presence of HBV RNA confirmed by RNA treatment of 3
nucleic acid samples (samples A-C) obtained from patients after 3
months of LAM therapy. Extracted nucleic acid samples with or without
RNase digestion were further digested by proteinase K and ethanol-
precipitated after phenol/chlioroform extraction. The amount of HBV DNA
in each sample was then measured by real-time RT-PCR. '

Comparisons of HBV Nucleic Acid Values and
HBYV DNA Determined by 4 Measurement Methods—
TMA-HPA, Amplicor Monitor Test, In-House Real-
Time PCR Assay, and Real-Time RT-PCR—in
Patients Treated with LAM. We measured HBV nu-
cleic acid and DNA levels by the same 4 methods and
investigated the correlations between them after 3 and 6
months of LAM therapy (Fig. 6). HBV DNA levels de-
termined by real-time PCR correlated better with those
determined by the Amplicor HBV Monitor test (r =
0.653, P = 0.0083; Fig. 6A) than with those determined
by the TMA-HPA (» = 0.456, P = 0.1173; Fig. 6B).
Similarly, measurement of HBV nucleic acid by RT-PCR
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Fig. 5. Corelation of HBV nucleic acid levels determined by the

TMA-HPA with HBV DNA levels determined by the Amplicor HBY Monitor
test during LAM therapy. During ETV therapy the TMA-HPA showed higher
expression of HBV DNA in patients regardless of the presence of the
mutation than did the Amplicor HBV Monitor test. The vertical and
horizontal dotted lines indicate the lower detection limits of the Amplicor
HBV Monitor test and the TMA-HPA, respectively.
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did not correlate well with thar obrained by the Amplicor
HBV Monitor test (Fig. 6C), but showed better correla-
tion with that obtained by the TMA-HPA (r = 0.452,
P = 0.0907, and r = 0.675, P = 0.01 14, respectively;
Fig. 6D). These results also showed that the TMA-HPA
detects both HBV RNA and HBV DNA.

HBYV RNA in Serum after 3 Months of LAM Ther-
apy Is Higher in Patients Who Showed Early Emer-
gence of YMDD Mutants. In LAM-treated patients, it
was assumed that a high serum level of HBV RNA was a
marker of the active transcription form of covalently
closed circular DNA (cccDNA) and packaging of HBV
RNA in the liver. We assumed that YMDD mutants eas-
ily emerged under such condition. We compared HBV
RNA values (HBV nucleic acid determined by real-time
RT-PCR minus HBV DNA determined by real-time
PCR) in patients who showed early emergence of mutants
(within 12 months) with those who showed late emer-
gence of mutants (more than 12 months) and those who
did not show emergence of mutants (Table 1). As shown
in Fig. 7, HBV RNA levels were significantly higher in
patients who showed early emergence of mutants than the
other 2 groups after 3 months of LAM therapy. There was
no significant difference in the amount of HBV RNA
berween group A (patients who showed emergence of mu-
tants within 12 months) and the other 2 groups at the
beginning of LAM therapy (data not shown).

Discussion

In this study, we addressed the discrepant measure-
ments of HBV nucleic acid by the TMA-HPA and the
Amplicor Monitor test. The presence of HBV RNA in
serum samples of patients with HBV infection has been
previously reported.!®-2! Because the TMA-HPA uses
RNA transcription and amplification of transcripts by T7
RNA polymerase,?? we assumed that the discrepancy was
a result of the presence of HBV RNA in the serum of
LAM- and ETV-treated patients. The presence of HBV
RNA in a patient treated with LAM was reported previ-
ously.2! In'that report, the authors mainly analyzed trun-
cated HBV RNA, which they assumed was transcribed
from the integrated genome.?% 2! They showed a large
difference between HBV DNA and truncated HBV
RNA, which did not decrease during LAM therapy. We
also detected HBV DNA and HBV nucleic acid by real-
time PCR and real-time RT-PCR. The values determined
by these 2 methods showed less than a 1 log difference
(data not shown); we assume that the effect of truncated
HBV RNA in serum was only minimal in our study. As
we demonstrated in this study, HBV nucleic acid mea-

sured by real-time RT-PCR correlated with that deter-

mined by the TMA-HPA. This finding suggests that the
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discrepancy in the values measured by the TMA-HPA
and the Amplicor Monitor test is a result of the presence
of HBV RNA in the serum.

We showed that a large amount of HBV RNA in the
serum was produced during the early stage of ETV (Fig.
1) and LAM treatments (within 6 months). Because ETV
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Fig. 7. Box plots of HBV RNA levels of patients in group A (patients

who showed emergence of the mutants within 1 year, group B (those who
developed resistance after 1 year of LAM therapy), and group C (patients
who did not show resistance to LAM therapy). HBV RNA level represents
the difference between HBV nucleic acid level determined by real-time
RT-PCR minus HBV DNA level determined by in-house real-time PCR.
Nine samples that tested negative for in-house real-time PCR were
omitted from the analysis (4 samples of group B and 5 samples of group
C).

house real-time PCR, respectively.

and LAM work only on reverse transcription, it is difficult
to conceive that the level of transcription from the
cccDNA was altered by, these drugs. Thus, the slow de-
crease in HBV RNA seems to reflect that a certain amount
of cccDNA still existed in the liver and that the virus
replication machinery was still actively operational. This
is consistent with previous reports that showed that the
amount of cccDNA in the liver tissues? 26 and in
serum,?6  which correlated well with intrahepatic
cccDNA,? reflected the effect of LAM and is a marker for
cessation of therapy without viral level increasing again
after stopping the therapy.

Whether a large amount of HBV RNA originates from
a large amount of cccDNA template in hepatocytes or
from active transcription (or both) is actually unknown.
However, it is assumed that the probability of developing
mutants is high in patients who have large amounts of
HBV RNA. We thus analyzed the amount of HBV RNA
in patients treated with LAM and compared it in patients
who showed early emergence of mutants and those who
did not. As expected, the amount of HBV RNA in the
serum was significantly higher in patients who showed
early emergence of mutants than in those who showed late
emergence and those who did not show emergence of
mutants.

Using complex analysis, previous studies identified sev-
eral factors predictive of emergence of YMDD mutants
such as HBV genotype,28 ALT level,? 3 HBV DNA level
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before therapy,28.30-32 degree of decline of HBV DNA
level during therapy,3334 presence of hepatitis B e anti-
gen,'72231.32.35 presence of core promoter mutations,6
deletion of pre-S region,3” and HBV corerelated anti-
gen.3® We also showed that a slow decrease in HBV nu-
cleic acid measured by the TMA-HPA is a marker of early
emergence of mutants. Our finding is important because
this assay is routinely used in daily clinical practice. How-
ever, the results did not reach statistical significance, prob-
ably because of the small number of patients analyzed in
our study and the low sensitivity of the assay (detection
limit 3.7 log copies/ml). We assume that a sensitive mea-
surement of HBV RNA is useful for predicting the emer-
gence of mutants. Development of such an assay is needed
for the proper treatment of patients using different nucle-
otide and nucleoside analogues. Mechanisms that control
transcription of HBV from cccDNA deserve further in-

vestigarion in order to develop more effective therapies for
HBYV infection.
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Accordion Index: A new tool for the prediction of the
efficacy of peg-interferon-o-2b and ribavirin combination

therapy for chronic hepatitis C

Takeaki Satoh and Akihide Masumoto

Center for Liver Diseases and Department of Clinical Research, National Hospital Organization Kokura Hospital,

Kitakyushu, Japan

Aim: An optimal treatment regimen based on individual viro- .

logical response is essential to maximize the efficiency of
interferon (IFN) therapy for chronic hepatitis C.

Methods: Using indicators of the virological response and
the treatment intensity, we developed the Accordion index as
a new tool for the efficacy prediction of peg-IFN and ribavirin
(RBV) combination therapy. For the Accordion Index, the
IFN-AC ratio and RBV-AC ratio were defined as follows: [FN-AC
ratio = {total IFN dose given during the entire treatment
period)/(total IFN dose required to achieve hepatitis C virus
[HCVI-RNA negativity), RBV-AC ratio = (total RBV dose given
during the entire treatment period)/(total RBV dose required
to achieve HCV-RNA negativity).

Results: The analysis of the association between the Accor-
dion Index and the sustained virological response (SVR)

revealed that of 25 patients who had HCV-RNA negativity
during treatment, all 10 patients with an IFN-AC ratio and
RBV-AC ratio of at least 4.0 achieved SVR, while only four of 15
patients with an IFN-AC ratio or RBV-AC ratlo of less than 4.0
achleved SVR. With the cut-off value for both the IFN-AC ratio
and RBV-AC ratlo at 4.0 or higher, the quality of SVR prediction
was as follows: the positive predictive value was 100%, the
negative predictive value was 73.3%, and accuracy was 84.0%.

Conclusion: The Accordion index will thus be a useful too!
for planning optimal treatment regimens for individual
patients.

Key words: Accordion Index, interferon-AC ratio,
peg-nterferon, ribavirin-AC ratio, ribavirin, sustained
virological response

INTRODUCTION

OMBINATION THERAPY WITH peg-interferon

(PEG-IFN) and ribavirin (RBV) is the current first-
line therapy used to eliminate hepatitis C virus (HCV)in
patients with chronic hepatitis C.! The duration of
treatment is determined based on viral genotype, with
treatment administered for 48 weeks in patients with
genotype 1 and 24 weeks in patients with genotypes 2 or
3. Approximately 30% of patients with HCV genotype 1
who are HCV-RNA-negative at the end of treatment

relapse after the discontinuation of treatment, and the

sustained virological response (SVR) rate is 42-5205.2
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The SVR rate in patients with HCV genotype 2 is
81-84%, and some of these patients may be
overdosed.$

Several studies have shown that the SVR rate correlates
with the duration of treatment required to achieve
HCV-RNA negativity.”® Current treatment regimens are
designed in accordance with expected sensitivity of indi-
vidual patients to treatments to reduce potential adverse
drug reactions and to increase the possibility of SVR.
Specifically, the treatment duration might be shortened
in patients who achieve HCV-RNA negativity at an early
stage of treatment,” while the treatment duration should
be extended in patients with slow virological response.®
Franciscus introduced this concept of the treatment
design as an “accordion” effect at the Digestive Disease
Week Conference Highlights held in Los Angeles in
2006 (Franciscus A., 2006, unpublished data). By
further advancing the concept, we developed a new tool
for SVR prediction, the Accordion Index (the IFN-AC

315
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ratio and the RBV-AC ratio). In the present study, we
analyzed the association between the Accordion Index
and treatment efficacy, and evaluated the usefulness of
this index in determining doses and treatment duration
for individual patients.

METHODS

Patients and methods

BE]WEEN JANUARY 2005 and December 2006 at
the National Hospital Organization Kokura Hospi-
tal, 82 patients received combination therapy with PEG-
IFN-0-2b and RBV for the treatment of chronic hepatitis
C, and efficacy evaluation was possible in ‘44 patients.

Of these 44 patients, the 25 patients who achieved’

HCV-RNA negativity during treatment (11 males and
14 females; mean age: 56.0 + 12.8 years) were included
in the study. Pre-treatment serum HCV-RNA levels were
quantified using the Amplicor HCV monitor test,
version 2.0 (Roche Diagnostics, Tokyo, Japan). A serum
HCV qualitative assay using the Amplicor HCV test,
version 2.0 (Roche Diagnostics, Tokyo, Japan) was con-
ducted at least every 4 weeks after the start of treatment
to determine the time of HCV-RNA negativity. Patients
who remained HCV-RNA negative at 6 months after the
end of treatment were judged to be SVR, and patients
who achieved HCV-RNA negativity during treatment,
but had recurrence after the end of treatment, were con-
sidered to have a transient response (TR).

For the Accordion Index, the IFN-AC ratio and
RBV-AC ratio were defined as follows: IFN-AC
ratio = (total IFN dose given during the entire treatment
period)/(total IFN dose required to achieve HCV-RNA
negativity), RBV-AC ratio = (total RBV dose given during
the entire treatment period)/(total RBV dose required to
achieve HCV-RNA negativity).

The study protocol was approved by the institutional
ethics committee of the National Hospital Organization
Kokura Hospital, and all of the patients gave their
informed consent to participate in this study. The study
was conducted in accordance with the ethical guidelines
of the Dedlaration of Helsinki and the International

Conference on Harmonization Guidelines for Good

Clinical Practice.

RESULTS
Study patients

O F THE 25 patients in the study, 14 (seven males
and seven females; mean age: 51.1 + 12.7 years)

© 2007 The Japan Society of Hepatology
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were in the SVR group. Ten had HCV serogroup 1, and
four had serogroup 2. The pretreatment HCV~RNA load
was 1.4 + 2.6 x 10° IU/mL. The TR group consisted of
11 patients (four males and seven females; mean age:
61.5 1 10.1 years) of whom seven had HCV serogroup

1, and four had serogroup 2. The pretreatment HCV-
RNA load was 2.3 + 2.7 x 10° IU/mL.

Association between the Accordion Index
and treatment efficacy

The IFN-AC ratio and RBV-AC ratio for individual
patients in the SVR and TR groups are shown in Figure
1. All 10 patients whose IFN-AC ratio and RBV-AC
ratio were 4.0 or higher achieved SVR, while only four
of 15 patients whose IFN-AC ratio or RBV-AC ratio was
less than 4.0 achieved SVR. With the cut-off value for
both the IFN-AC ratio and RBV-AC ratio at 4.0 or
higher, the quality of the SVR prediction was as
follows: the positive predictive value was 100%, the
negative predictive value was 73.3%, and accuracy was
84.0%.
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Figure 1 Inteiferon (IFN)-AC ratio and ribavirin (RBV)-AC
ratio in sustained virological response (O SVR) and transient
response (@ TR) patients. IFN-AC ratio and RBV-AC ratio were
calculated by the following formulas: IFN-AC ratio = (total IFN
dose given during the entire treatment period)/(total IFN dose
required to achieve hepatitis C virus [HCV]-RNA negativity),
RBV-AC ratio = (total RBV dose given during the entire treat-
ment period)/(total RBV dose required to achieve HCV-RNA
negativity).
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DISCUSSION

HE PRESENT STUDY shows that the Accordion
Index is closely associated with SVR and that the
Index is a useful tool for determining optimal doses
and treatment duration for individual patients sched-

uled to receive combination therapy with PEG-IFN and "

RBV.

There is no established theory referring to how long
treatment should be continued following HCV-RNA
negativity to achieve SVR. Drusano et al. developed a
hypothesis that the longer the absence of HCV-RNA,
the more likely SVR is achieved. Their study showed that
the SVR rate was 80% with a 32-week absence of HCV-

RNA and 90% with a 36-week absence of HCV-RNA.!' .

The model developed by Drusano et al., however, was
not consistent with the subsequent study outcome. The
SVR rate among rapid virological responders (HCV-
RNA negative at week4 of treatment) with HCV
genotype 1 was approximately 90% after 24 weeks of
treatment,” while approximately 40% of slow virological
responders (HCV-RNA positive at week 12 and HCV-
RNA negative at week 24) had recurrence after 72 weeks
of treatment.'® These studies suggest that rapid virologi-
cal responders can achieve SVR with short-term treat-
ment after achieving HCV-RNA negativity, while slow
virological responders require a much longer treatment
period to achieve SVR.

The original “accordion” theory is a hypothesis
describing the correlation between the treatment period
required to achieve HCV-RNA negativity and the sub-
sequent treatment duration required to achieve SVR. We
believe, however, that the doses given to the patient
must be taken into consideration, together with the
treatment duration. Increasing the doses of PEG-IFN
and RBV is known to promote viral reduction at an early
stage of treatment and to improve the SVR rate.'>'
Doses are often reduced in combination treatment with
PEG-IFN and RBV due to various adverse drug reactions,
such as decreased platelets, decreased neutrophils,
anemia, and malaise. It is inappropriate to analyze the
treatment period after dose reduction with the same
weighting as the treatment period before dose reduction

in such cases. We therefore integrated the drug doses °

and treatment duration to develop the Accordion Index.
In the formulas of the Accordion Index, the total drug
dose required to achieve HCV-RNA negativity is repre-
sentative of the individual virological response, while
the total dose given during the entire treatment period is
an indicator of the treatment intensity. Specifically,
IFN-AC is the ratio of the total IFN dose given during the

Accordion Index for efficacy prediction of IFN/RBV 317

entire treatment period to the total IFN dose required to
achieve HCV-RNA negativity, and RBV-AC is the ratio of
the total RBV dose given during the entire treatment
period to the total RBV dose required to achieve HCV-
RNA negativity.

Our analysis identifies the cose association of the
IFN-AC ratio and RBV-AC ratio with SVR, indicating a
sufficient positive predictive value, negative predictive
value, and accuracy for SVR prediction with the cut-off
value for both the IFN-AC ratio and RBV-AC ratio at 4.0
or higher. The study outcomes suggest that individual-
ized treatment regimens may be planned based on the
virological response of patients by calculating the total
doses of PEG-IFN and RBV so far given at the time
HCV-RNA negativity is achieved and determining the
subsequent doses and treatment duration to ensure that
the total doses at the end of treatment will be more than
four times the doses required to achieve HCV-RNA
negativity.

The number of elderly patients with chronic hepatitis
C is increasing in Japan. Treating high-risk patients who
have underlying heart disease or anemia with fixed
doses of PEG-IFN or RBV frequently results in treatment
discontinuation due to adverse drug reactions.”* The
virological responses of patients who receive combina-
tion therapy with PEG-IFN and RBV vary greatly. While
some patients achieve HCV-RNA negativity with short-
term treatment and low doses, others do not respond
even with long-term treatment and high doses. Physi-

“cians therefore need to plan optimal treatment regimens
for individual patients by finely adjusting drug doses
and treatment periods in accordance with their response
and tolerability. )

The Accordion Index is expected to help physicians
plan optimal individual regimens of PEG-IFN and RBV
combination therapy. Further analyses in a larger
sample size and a prospective study should be con-
ducted following the current pilot study.
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