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Kainuma M ef &/, PEG-IFN pius ribavirin for older chronic hepatitis C patients

and was more advanced i group D than i group C (P =
0.008, P < 0.001, tespectively).

Treatment regimen

All patients were ireated with 2 weight-based, 1.5 pg/ke
weekly dose of subcutaneous PEG-IFIN ¢-2b (Pegintron,
Schering-Plough, Osaka, Japan), in combination with
RBV (Rebetol, Schering-Plough), which was given oxally
at a daily dose of 600-1000 mg based on body weight
(600 mg for patients weighing less than 60 kg, 800 mg for
those weighing 60-80 kg, and 1000 mg for those weigh-
ing 80 kg or over). The length of treatment was 48 wk
for patdents with HCV genotype 1 and 24 wk for patients
with genotype 2. The above duration and dosage are those
approved by the Japanese Ministry of Health, Labor and
Welfare. Patients were considered to have RBV-induced
anemia if the hemoglobin level decteased to less than
100 g/L. In such cases, a reduction in the dose of RBV
was required. Patients aged 65 years or older had a signifi-
cantdy higher frequency of RBV dose reduction during
the treatment period than those aged less than 65 years
old (HCV genotype 1: group A »s group B, 41.2% vs
49.0%, P = 0.032, genotype 2: group C u group D, 28.6%
vs 54.1%, P < 0.001). Some patents also had PEG-IFN
o-2b-induced psychological adverse effects or a decrease
n white biood cell and platelet counts. In such cases, a
reduction in the dosage of PEG-IFN ¢-2b was required.
Both PEG-IFN ¢-2b and RBV were discontinued if the

hemoglobin level, white blood cell count, or platelet count

fell below 85 g/L, 1 % 10°/L, and 25 x 10°/1, respec-
tively. The treatment was discontinued if severe general
fatigue, hyperthyroidism, interstitial pneumonia, or severe
hemolytic disorders developed, continuation of treatment
was judged not to be possible by the attending physician,
or if the patient desired discontinuation of treatment.

Determination of baseline HCV RNA level and HCV
ganotyps _

The pretreatment, baseline, serum HCV RNA level was
measuted by a quantitative OV RNA polymerase chain re-
action (PCR) assay (COBAS Amplicor HCV Monitor Test
v 2.0 using the 10-fold dilution: method; Roche Diagnostics,
Tokyo, Japan), which has a lower limit of guantitation of
5000 IU (13500 copies)/ml (5 KIU/mL) and aa outer limit
of quantitation of 5100000 IU/mL (5100 kIU/mL). The
HCV genotype was determined by type-specific primers
of the core region of the HCV genome. The protocol for
genotyping was carried out 4s previously described?.

End of treatment (EOT) response and SVR were defined

. . + tlap e L $pmatimnoimt
ceable at the end of treatment

a5 sermum HCV BNA undess

Siatistical analysis

Continuous data are expressed as mean £ SD. The stats-
tics were cartied out using a commercially available soft-
ware package (BMDP Statistical Software Inc, Los Ange-
les, CA, USA) for the IBM 3090 system computer. The xz
test, Fisher’s exact test and Kiuskal-Walkis test were used to
determine the differences in baseline clinical characteristics,
safety, efficacy of the combination therapy, adherence to
the total dose, and the association between the adherence
and SVR. Logistic regression analysis was used 1o identify
the association between age and SVR. A P < 0.05 was con-
sidered significant.

RESULTS

EGT response rafe dy infention-{o-freal analysis

Among patients with genotype 1, the EOT response
rate was significanty higher in group A (497 of 685,
72.5%) than in group B (129 of 253, 45.0%) (P < 0.001).
Among patients with genotype 2, there was no signifi-
cant difference between groups C (239 of 252, 94.8%)
and D (55 of 61, 90.1%).

SVR rafe by infeniion-to-freat analysis

Of 1251 patients, 631 (50.4%) achieved SVR in the mten-
ton-to-treat analysis. The SVR rate was significantly high-
er for genotype 2 (249 of 313, 79.6%) than for genotype 1
patients (382 of 938, 40.7%) (P < 0.001). Among patients
with genotype 1, the SVR rate was significantly higher in
group A (324 of 685, 47.3%) than in group B (58 of 253,
22.9%) (P < 0.001). Among patients with genotype 2,
SVR was also significantly higher in group C (209 of 252,
82.9%) than in group D (40 of 61, 65.6%) (P = 0.004).
The rate of SVR was significantly higher for females
(113 of 128, 88.3%) than for males (96 of 124, 77.4%)
in group C only (Figure 1). Furthermore, we analyzed
whether or not the SVR rate differed according to the age
at which the combination treamment of PEG-TFN «-2b
plus RBV was started. The results showed that the SVR
mate decreased significandy with age for both genotype 1
and 2. SVR was achieved by 5.6%-26.3% of genotype 1
patients aged 70 years or older, and by 57.1%-100% of
genotype 2 baﬁeﬁts aged 70 years or older (Figure 2).

We previously reported a minimum acceptable dose
of at least 80% or mozre of the target dosage of PEG-
PN g-2b and 60% ot more of the tazget dosage of RBV
for the successful treatment of Japanese patients with
genotype 1™, Therefore, we analyzed the SVR rates in pa-
tents with genotype 1 by the dosage they actually receive
dusing treatment (a total dose of at least 80% or more of
PEG-IFN ¢-2b and 60% or mote of RBV) (Table 3). The

oumber who received at least this mimimum acceptable

£
I

and at 24-wk follow-up after the end of treatment, re-
spectvely. BEOT response and SVR were defined as non-
detectable HCV-RNA as measured by qualitative COBAS
Amplicor HCV Monitor Test v 2.0, with the results la-
beled as positive or negative. The lower limit of detection
was 50 TU/mL (0.5 kKIU /mL). The analysis of ECT and
SVR was performed on an inteation-to-treat basis.
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dosage dusing treatment were 278 (40.6%) of 685 patients
m group A and 62 (24.5%) of 253 mn group B, significanty

= + \ t 5 ruliat A <} )
lower in group B than in group A (P < 0.001). Compared
with patients who received less than the minimum ac-
ceptable dosage, in patients who received at least this

24 6

minimum dosage, the SVR rates increased from 34.2%
to 66.5% in group A patients and from 15.7% to 45.2%
groug
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Kainuma M ef &/, PEG-IFN plus ribavirin for older chronic hepatitis C patients

Male Female Totat
n SVR 7 VR 7 SVYR

Croup A ;

Minimurm accepiable 168 116 (69.0) 110 69 (62.7) L 278 ) 185 (66.5)

Reduced 206 75 (35.4) ) 201 661328 407 . 139 (34.2)

Total 374 189 (50.5) 31 135 (43.4) 685 324 (47.3)
Group B : s

Minimmm accepiable IR 15 (484} : 31 13 (41.9") 62 28 (252

Reduced 91 18 (19.8) i 100 12020 k “191 30(15.7)

Total 122 33 (27.83 : 131 25 {121} 2553 ) 58 {22.9)

Minimum acceptable: patients who received 80% or more of the target dose of pegylated interferon (IFN} a-2b and 60% or more of ribavi
Reduced: Patients who received less than 80% of pegylated IFN «-2b and less than 60% of RBV. SVR: Sustained virological response.

A B Group C {age < 65 yr} Group D (age = 65 yr)
Group A {age < 85 vr} Group B (age > 65 v) P =0.029
100 160 P = 0.062
!
I |
80 r g - 774 785
60k 60 F
= =
z g
“ gt Y40t
20 1 20
0 O ! 1.
Male Female Male Male Female
n= 374 311 n= 124 28 33

Figure 1 Virological response o the combination treatment by age and sex of patients with genotype 1 (A} and genotype 2 (B). SVR: Sustained virological
response.

(P < 0.001) in group B patents. No significant difference Discontinuation of PEG-IFN -2k pius REY freatmen
between groups Cand D was ObS{:‘Y"CL On compa aring and adverse effecis
patents whose platele "Ouﬁt was under 10 % 10™/L, the Of 1251 patients, 314 (25.1%) did not compiete PEG-
SVR rate for 0@0’1«"‘9 1 was significanty lower in group IEN o-2b plus RBV weatment due to advesse effects or
B (2 of 36, 5.6%) than in group A (16 of 56,28.6%) (P < other reasons. The discontinuation zate was significanty
001). Among the patients with genotype 2, SVR was not higher in patents with mot'}pc (273 of 938, 29.1%)
significanty different b tween: group C (9 of 16, 56.3%%) than in those with genotype 2 (41 of 313, 13. i%) (1" <
and group D 2 of 7, 28.6%). 0.001) (Tables 4 an’ b\. Furthermore, the rate of discon-
In a compatison of the SVR rate in pﬁﬁcﬁts with or tnuation due to adverse effects was significantly higher
without one of mote previous coutses of IFIN plus RBY] in patients with genotype 1 (135 of 938, 14.4%) than in
there was 00 significant difference | ‘rweea the Genmypea those with genotype 2 (\43 of 313, 7.3%) (P < 0.010). The
a\gtnotypc 1: 118 of 310, 38.1% ur 264 of 628, 42.0%, rates of discontinuation due to lack of treatment efﬁc"y
genotype 2: 44 of 72, 'i 1% o5 141 747 58.5% 0) Fus and for economic reasons (loss of job, inability to pay the
thermoze, we compared the EOT response rate and SVR medical costs) were also significantly higher in patients
rate of cirrhosis patents whose liver fibrosis was F4, and wi'th geﬂotype 1 (55 of 938, 5.9%, 15 of 938, 1.6%) than
found no significant difference between 5“ ips A (EOT: in those with ger m)t;r"c 2 (1 of 313,0.3%, 0 of 938, 0% (P
16 of 30, 53.3%, SVR: 7 of 30, 23.3%%) and B (ECT: 6 of < 0.001 and P = 0.025, respectively).
17,353%, SVR: 2 of 17, 11.8%). In addition, no significant For genotype ‘i 9““&”&3, the discontifuation tate was
difference was found between groups C (EOT! 8 of 10, significantly higher in g oup B (106 of 253, 42.9%) than
80.0%, SVR: 6 of 10, 60.0%) and D (BOT: 9 of 12, 75.0%, group A (167 of 685, 24.4%) (P < 0.001), and the rate of
SVR: 5 of 12, 41.7%). discontinuation due to adverse effects was also significantdy
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Figure 2 Virological response to the combination treatment by age o

Ct: Confidence Interval,

higher in group B (61 of 253, 24.1%) than m group A (74
of 685, 10.8%) (P < 0.001). General fatigne was the most
frequent adverse effect, and was significantly more frequent
in group B than in group A (P < 0.001). However, in these
group 1 patieats, RBY was reduced due to anemia in 12.5%
(3 of 24) of group A and in 30.4% (7 of 23) of group B.
Furthermore, rash and ﬂuombocytopema were sgmﬁcaﬁﬂv
morte frequent in group B than in group A (P = 0.014 and
P=0.007, respectlvdy) In group A, depression was signii-
cantly more fmqucm 0 females than in males (P = 0.012).
In genotype 2 patients, treatment discontinuation did not
differ between group C (33 of 252, 13.1%; and group D
(8 of 61, 13.1%), and the rate of discontinuation due to

adverse effects did not differ between these groups (17 of
252, 6.7%, 6 of 61, 9.8%, respectively).

The mean thme to discontinuation i group A (216
11.9 wk) was not s1gmﬁcaﬁﬂv different from grcup B (215
T 12.6 wk), and the mean time in group C (11.0 = 6.8 wk)
was also not significantly different from group D (11.6
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patients with genotype 1 (A} and genctyp

ribavirin for older chronic hepatitis C patients
Category Cdds ratio 95% 1 P alue

Age (yr) i
8935 0.921-0.948 <080t

61 62 63 64 65 G5 67 68
34 28 42 45 51 29 36 27

=74
15

69 70 71 72 73
19 22 17 19 18

57 58 59 60
37 42 27 28

Odds ratic 95% CI P value

1
0.951

Category
Age (yr)

< 0.001

0.928-0.975
160

63 70
10 5

56 57 58 59 60 61 62 63 64 65

4 7 4 6 5 8 9 6 4 8

s 2 {B}. SVR: Sustained virological response;

6.0 wk). There was no significant difference between male
and female patients in each group (male: 21.0 + 124 o
female: 22.1 & 11.8 in group 1, male: 11.3 T 7.1 o female:
10.9 £ 6.1 in group 2).

HCC was not seen in genotype
patients genotype 1 (295 £ 9.9
frequent in group B (5 of 253, 2.0%)
of 685, 0.3%) (P = 0.008).

2 patients; only in
wk) and was more

than in group A (2

N
‘.,Vx i3

SCUSSIGH
In 2 large, national, multicenter Greek study mvolving 993
treated and 734 untreated patients with chronic hepanttb
C, patients with cirthosis, showed a protective effect of
treatment even among those without SVR. For patients
without cirrhosis, the beneficial effect of IFN ¢ treatment
was particularly evident in older patients; patients with the
worst prognosis if left untreated. Therefore, TFN g-based
treatment should be offered to older persons, as these are
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Group A (age < &5 y1) g : Group B {age = &5 yr) Total

Male {7 = 378 Famale (7 = 311} Male (7 = 122) Fomale {r = 131}
Discontinued number 101 &5 52 54 273
Adverse effects 43 31 33 23 135
General fatigue 17 7 : 12 11 47
Depression 3 11 4 5 23
Appetite loss 1 ¢ 1 0 2
Rash 3 2 3 4 12
5 halopathy 1 g 0 g 1
Neutropenia 2 0 0 0 2
Anemia 3 2 4 1 10
Thrombocytopenia 1 6 3 1 5
Elevation of ALT 1 0 [} 0 -1
Hyperthyroidism. 3 2 G i &
Hypothyroidism 0 1 0 0 1
Retinopathy 1 g 1 0 .2
Interstitial pneumoria 2 0 1 1 4
Pulmonary disease (others)' 0 i 1 1 3
Psychoneurotic disorder” Z ¢ 2 o 4
Nervous disease’ 1 1 0 1 3
Antoimmune disease’ ] 2 0 1 3
Metabolic disease® 0 2 0 S0 2
Digestive disorder” 2 0 1 1 4
Hepatocellular carcinoma 2 0 4 1 7
Malignancy (extra-liver) 9 1 1 g 2
No effect of reatment 22 18 7 8 55
Economic problem 9 3 0 3 15
Others” 25 13 7 14 59

"Includes pulmonary tuberculosis (1 = 1), prieumonia {1 = 1), tubercalous plewritis (1 = 1); “Includes psychiatric disorder (1 = 2), disquiet (1 = 1), insomnia
(1 = 1); "Includes nerve paralysis {1 = 1), cerebral infarction (1 = 1j; “Includes rhewmatoid arthritis (7 = 2), myasthenda gravis {1 = 1); “Includes diabetes

mellitus (n = 1), hypertriglycentia (» = 1); “Includes cholecystitis {1 = 3), pancreatitic (z = 1); "Includes 25, 13, 6 and 13 drop-outs from groups A, B, Cand D,
One 2

rag

xcessive al

il consumption in group Can

¢ in group D. ALT: Alanine aminoiransierase.

the padents with the greatest potential benefit and may design, it is useful for clarifying the efficacy and safety

achieve SVR™. In Japan, the prevalence of chronic HCV of PEG-IFN plus RBV combination therapy in older
infection increases with age, however, the optimal manage- patents. The present study confirmed the results of our
ment of older patients has not yet been accurately defined. previous study which showed that the SVR rate was signifi-
Whether or not to treat patients older than 65 years with candy higher for genotype 2 than for genotype 1 pax’ien‘tsﬁ‘
antiviral treatment is highly debated, especiaily 1n terms Another important result was that the ability to take at least
of cost/bepefit ratio. Tn addition, the patural history of  a minimum acceptable dosage during treatment increased
chronic hepatitis C in elderly patients is not accurately  the SVR rate by about three dmes in older patents with
known, as the ptesence of comorbidity can affectillness  genotype 1. This result also confirmed previous studies
progression and life expectancy. HCV became mote preva-  which indicated the importance of giving at least the mini-
lent in Japan decades before the United States'”. Japanese ~ mum acceptable treatment dosage in patients infected with
patients with chronic hepatitis C treated with TFN are cur-  HCV genotype 1, especially older patients™™,
rently 10 to 15 years older than corresponding patients in Secondly, we compared discontinuation of treatment
the United States and European countries, where patients by genotype and sex. In genotype 1 patients, adverse ef-
treated with antiviral treatment tend to average 45 years of fects were seen more often in older than in younger pa-
age!® ™. Therefore, our results can serve as a world-wide dents. This was the most important reason why the rate
model for the treatment of older chronic hepatitis C pa- of treatment discontinuation was higher in older than
tients. in younger patients, and affected the outcome of PEG-
It has been well documented that the combination IFN ¢-2b plus RBV combination therapy. General fatigue
therapy of PEG-IFN g-2b plus RBV is more effective  was the most common adverse effect in older patients.
than previous IFN monotherapy in chromic hepatitis C  Because older patients often have impaired renal func-
patients™™. There have been four studies on the efficacy tion, they have increased blood levels of RBV . They
of PEG-IFN plus RBV therapy in patieats 65 years or are also inclined to be anemic and to have general fatigue.

ider with geno

E=)

pe 1, which revealed low rates of SVR

only 2 small aumber of older patients in the

ad ) , .
(31.1%-51.9%) %21 However, these studies were too small present study had reduced RBV due to anemia. Therefore,
(11-93 patients) recommendations to be general fatigue is probably a direct adverse effect of PEG-
made. Because the present study was a large multicenter IFN @-2b. We previously reported that herbal medicine
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lus ribavirin for oider chranic

Group C (age

< 85y

Group D {ags > 45 yr) ozl

iy Female (&

Female (# = 33)

Discontinued number
Adverse effects i
General fatigue
Depression
‘Appetite loss
Rash
Encephalopathy ©
Neutropenia
Anemia
lhrombocytopema
Elevation of ALT
 Hyperthyroidism
Hypothyroidism
Retinopathy
Interstitial pneumonia
Pulmonary disease(others)
Psychoneurotic disorder
Nervous disease’
Antoimmune disease
Metabolic disease
Digestive disorder
Hepatocellular carcinoma
Malignancy (extra-liver)
Ng effect of treatment
Economic problem
Others’
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"Includes nerve paralysis (n = 1), tetany (n = 1); *All patients were drop ont. ALT:

relieved 1‘hL adverse effects of IFN, including general
faugL_e cine may be useful for mitigating

. Herbal medi
general al 'Ff;t*mxc during
nation treatment, especmﬂ
The rate of discontinus P
genotvpe 2 than in patients with genotvpe 1 and theLe
was 0o difference between the older and the youager
Dat}ents with genotype 2. These results ate possiblv a con-
sequence of the notype 2
and the many genotype 1 patients who discontinued due
to Jack of efficacy
Two of the chamcteﬁstiCS of older pwtients in the
y were that both hemoglobin
count were agniﬁcanﬂv lower than in younger patients.
The SVR rate was signifi
count was less than 10 % 10 / L. Furthermorte, the older
often

BN g-2b Fsu- RBV combi-

m older pauents

ation wWas }C‘L

L0

1 - Fa 4, . 3
shorter term of treatment in g

and platele
cantly lower when the platelet

Ly 3 PRy
forced to discontinue

genotype 1 patients wese o

treatment due to ﬂ_tombcrwoppﬂm Md 'rhe
of HCC. The
liver fibrosis 1
fore, the
ment in ofder paﬁeﬂfs ust be considered
We previously repor:ed that older f patients had

monother pypl

5 o3 B
ave teported that older female patie

(RS RN S L

a low m,p onse to [FN-g

S»l—& ot fS

a pom response to PEG-IFN ¢-2b plus R RBVP Al
though our data showed that sex was not related ¢
the wason for this ,unding was not fully elucidated.

case, studies have con

to begin treatment w r:h PEG-LE_\T

o1 that it is zmpo riant
o Zb plus RBV combi-
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Alanine aminotransferase.

nation therapy as soon as possible. Our dara suggest that
age may be a more important factor than sex for increas-
ing the rate of SVR. R to tres older pa-
tients may be due to IFN-immunomodulation, advanced
}‘YT"" %i"”'{}a‘s or 1‘!”3’9‘{:("(; éan_gP

To maximize adherence to the optimal treatment regi-
the treatment

ment Jox

SN
Resistance NS 10

schedule can ka madified or other

ran
men,

therapeutic modalities added, such as hematopoietic
growth factors™ or the new t.‘zfombcpoieﬁn—xece& £
agonist, eltrombopqg, for the antiviral treatment of older
patients with chronic hepatitis C P A fFarther indivi
ized treatment protocol based on viral kinetics rmght be
more macmai"“

In conclusion, PEG-IEN q-2b plus RBV treatment
older chronic hepatitis

-
PR »
AUGEnT Of

was effective in the trea
C patients when t’ney received at least the minimum ac-
cer}t&.bie freatment ac,smr‘*. However, there were L.\_{.}‘leﬁi

adverse effects and treatment discontinuation. It is neces-

sary to control for adverse effects that might
treatment and to begin this combination 1‘11;. 1apY 45 SO01
as possible, especially in older patients.
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Background
Whether or not to treat patients older than 65 years with antiviral treatment is

highly debated, especially in tenms of costheneft ratio. However, thereis itle data
concerning the response and safety of combination treatment for a large number
of older patients with chronic hepatitis C virus infection. Therefore, In an atismpt
to ameliorate these problems, the authors decided to freat oider patients with pe-
gyieted interferon (PEG-IFN] -2 plus ribavirin (RBY) combination therapy,
Ressarch frontlers

The combination reatment of PEG-IFN «-2b plus RBV improved the sustained
virclogical response rate in chronic hepatitis © patients. However, the current
issue is whether or not to treat older patients because of low response and high
dropout rate,

innovations and breakthroughs

There have been four studies on the efficacy of PEG-{FN plus RBVY therapy in
pailents 85 years or older with genotype 1. However, these studies wers too simall
{11-83 patients} for conclusive recommendations to be made. This study is very
useful for dlarifying the efficacy and safety of PEG-IFN plus RBY combination
therapy in older patients, because of its large scele, multicenter design.
Applications

The study demonsirated that PEG-IFN «-2b plus RBV treatment was effective
in chronic hepatitis C petients 65 years or older who completed treaiment with ai
teast the minimum required reatment dosage. Furthermore, this study suggested
that the combination freatment and beginning this therapy as soon as possible
arg imporiant, especially in oldsr patients.

Pagr revisw

The study has been well conducted and includes 3 largs number of patients.
Results have been described in a lucid and informative manner and are of clinical
relevance.
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SUMMARY. To investigate the efficacy of long-term lamivu-
dine (3TC) and adefovir dipivoxil (ADV) combination therapy
in 3TC-resistant chronic hepatitis B virus (HBV) infected
patients, we analysed 28 3TC-resistant patients treated with
the combination therapy during 47 months (range, 9-75). At
12, 24, 36, and 48 months, the rates of virological response
with undetectable HBV DNA (<2.6 log copies/mL) were 56,
80, 86, and 92%, respectively. Among 17 hepatitis B e anti-
gen (HBeAg)-positive patients, FHBeAg disappeared in 24% at
12 months, 25% at 24 months, 62% at 36 months, and 88%
at 48 months, When HBV genotypes were compared, patients
with genotype B achieved virological response significantly
more rapidly than those with genotype C (P = 4.0496). One
patient developed virological breakthrough after 54 months,
and sequence analysis of HBV obtained from the patient was
performed. An rtA200V mutation was present in the majority
of HBV clones, in addition to the 3TC-resistant mutations of

rtL180M+M204V. The rtN236T ADV-resistant mutation
was observed in only 25% clones. In vitro analysis showed that
the rtA200V mutation recovered the impaired replication
capacity of the clone with the rtL.180M-+-M204V mutations
and induced resistance to ADV. Moreover, rtT184S and
rtS202C, which are known entecavir-resistant mutations,
emerged in some ril.1 80M~+M204V clones without rtA200V
or rtN236T. In conclusion, 3TC+ADV combination therapy
was effective for most 3TC-resistant patients, especially with
genotype B HBV, but the risk of emergence of muultiple
drug-resistant strains with long-term therapy should be
considered. The mutation rtA200V with rtL180M~+M204V
may be sufficient for failure of 3TC+ADV therapy.

Keywords: chronic hepatitis B, drug resistance, HBYV,
rtA200V.

INTRODUCTION

Hepatitis B virus (HBV) causes acute and chronic infection,
and chronic hepatitis often leads to liver cirrhosis and
hepatocellular carcinoma (HCC) [1]. HBV contains a small
(3.2 kb), circular, partially double-stranded DNA genome,
and nucleoside or nucleotide analogues inhibit BBV repli-
cation by interfering with reverse transcriptase/DNA poly-
merase of the virus [2]. Although therapy with these drugs
results in virological, biochemical, and histological

Abbreviations: ADV, adefovir dipivoxil; ALT, alanine aminotrans-
ferase; eGER, estimated glomerular filtration rate; ETV, entecavir;
HBeAg, hepatitis B e antigen; HBsAg, hepatitis B surface antigen;
HBV, hepatitis B virus; HCC, hepatocellular carcinoma; PCR,
polymerase chain reaction; RT, reverse transcriptase; TDF, tenofovir
disoproxil fumarate.
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Tohoku University Graduate School of Medicine, 1-1 Seiryo, Aoba-ku,
Sendai 980-8574, Japan. E-mail: yueno@umail.tains.tohoku.ac.jp

improvement in most patients {3], the effect is often transient
because of the emergence of drug-resistant HBV mutants [4].

Lamivudine (3TC), a nucleoside analogue of L-deoxycity-
dine, is associated with highly frequent emergence of drug-
resistant mutants: the cumulative rate is about 20% per year
[5.6]. Mutations that result in the replacement of methio-
nine at amino acid 204 to valine or isoleucine (rtM204V/T)
within the tyrosine-methionine-aspartate-aspartate (YMDD)
motif in the reverse transcriptase (RT) region of HBV poly-
merase are found in most of the 3TC-resistant isolates [7].
Compensatory mutations rtV173L and rilL180M, which
restore the replication capacity of the YMDD mutant in vitro,
are observed frequently together with the YMDD mutation
[8,9]. Adefovir dipivoxil (ADV) is a phosphonate nucleotide
analogue of adenosine monophosphate, and ADV-resistance
rates are lower than those of 3TC [10]. Two mutations,
rtA181V/T and rtN236T, are associeted with resistance to
ADV [11-14], and the cumulative 5-year occurrence of
genotypic resistance is reported to be 29% [13]. In vitro
studies showed that these mufations confer a weaker
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decrease in the susceptibility to ADV, in comparison with the
greater decrease in 3TC susceptibility because of the YMDD
mutant [11,16]. This finding may explain the lower rate of
the emergence of ADV resistance.

Although the number of approved drugs has increased in
recent years, the treatment of chronic HBV infection remains
a clinical challenge. Especially, how to manage drug-
resistant patients including 3TC-resistant patients is a major
problem. Continuation of 3TC monotherapy or retreatment
with 3TC after its temporary discontinuation is ineffective
options for 3TC-resistant patients [17]: the lack of any
further benefit and the possibility of rapid re-emergence of
resistant HBV have been reported [18]. Against 3TC-
resistant HBV, ADV and entecavir (ETV) have a suppressive
effect in vivo and in vitro [19-21]. Combination therapy of
ADV and 3TC is effective for 3TC-refractory patients and has
a low frequency of viral breakthrough [22]: the 3-year
cumulative rate of de novo resistant mutants was 4% with no
development of viral breakthrough in 3TC-resistant patients.
However, further longer-term efficacy of the combination
therapy remains unknown. ETV is a potent drug with
infrequent development of resistance for treatment-naive
patients [23]. ETV monotherapy was shown to be effective
during the first year of therapy in 3TC-resistant patients
[20], but pre-existing 3TC-resistant mutants are favourable
for the emergence of ETV resistance [21], and a compara-
tively high rate of the emergence of ETV-resistant strains has
been reported in long-term studies [23]. Therefore, ETV
monotherapy seems to be a less attractive option for the
long-term treatment of 3TC-resistant patients.

Several previous reports have described the differences in
the responses to antiviral therapy between HBV genotypes.
A case—control study of 3TC treatment for genotypes B and C
showed that the responses were not different, but the
emergence of the YMDD mutation was more frequent in
genotype C [24]. It was also reported that the YMDD
mutation and breakthrough hepatitis developed more often
in patients with genotype A than in patients with genotype B
or C [25]. However, the impact of the genotype on the
efficacy to ADV is uncertain.

Here, we studied the long-term efficacy of 28 3TC-
resistant patients treated with the combination of 3TC and
ADV and compared the response between HBV genotypes.
Sequence analysis of HBV from a patient with resistance to
the combination therapy was performed, and in vitro drug
susceptibility of the mutant HBV clones was assessed to
clarify the mechanism of the emergence of resistance.

MATERIALS AND METEODS

Patients

A total of 28 consecutive Japanese patients with chronic
HBV infection who were treated with 3TC+ADV at Tohoku
University Hospital from June 2003 to August 2009 for

© 2010 Blackwell Publishing Lid
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more than 6 months were enrolled in this study. All patients
developed virological breakthrough during 3TC monother-
apy. and ADV was added in. Virological breakthrough was
defined as an increase in the serum HBV DNA level of 21 log
copies/mL, which was determined using the Amplicor HBV
monitor test (Roche Diagnostics, Tckyo, Japan), at two or
more consecutive examinations in comparison with the
lowest level after treatment. To evaluate renal function,
the estimated glomerular filtration rate (eGFR) level using
the Cockcrofi-Gault formula [(140 - age) X (weight in
kilograms) % (0.85 if female)/(72 X serum creatinine)] [26]
was calculated, No patients were infected with HCV, nor had
a history of other liver diseases. The patients were evaluated
for the rate of virological response (undetectable HBV
DNA: <2.6 log copies/mL), biochemical response [alanine
aminotransferase (ALT) normalization: <35 IU/L], hepatitis
B e antigen (HBeAg) loss, and virological breakthrough.

Antiviral treatment

Adefovir dipivoxil was administered at a dosage of 10 mg/
day in all but one patient in addition to 3TC at a dosage of
100 mg/day. One patient received 10 mg of ADV on alter-
nate days and 50 mg/day of 3TC daily because of reduced
eGFR at the start of treatment. This occurred when the eGFR
level dropped to <50 mL/min.

Determination of HBV genotype

The HBV genotype was determined as described previously
[27] with minor modifications. Briefly, total DNA was
extracted from 50 pL of serum sample by QlAamp Blood
Mini kit (QIAGEN GmbH, Hilden, Germany) and subjected to
nested polymerase chain reaction (PCR) with high fidelity
polymerase {PrimeSTAR HS DNA polymerase; TaKaRa Bio
Inc., Shiga, Japan), to amplify a 396-nt sequence in the S

gene. The amplification products were sequenced on both

strands directly using the BigDye Terminator v3.1 Cycle
Sequencing kit on an ABI PRISM 3100 Genetic Analyzer
{Applied Biosystems, Foster City, CA, USA). Sequence anal-
ysis was performed using Genetyx-Mac (Version 12.2.7;
Genetyx Corp., Tokyo, Japan). The genotype of HBV was
determined by phylogenetic analysis with HBV isolates
whose genotype was known.

Sequencing analysis of HBV reverse transcriptase region

Total DNA extracted from 50 uL of serum sample was sub-
jected to nested PCR to amplify the 1148-nt sequence [nt 52
to 1199, the nucleotide numbers are in accordance with a
genotype C HBV isolate of 3,215 ni (AB033550}] including
the RT region of HBV polymerase. The firsi-round PCR was
carried out with primers B026 [5’-TCA TCC WCA GGC CAT
GCA GTG GA-3" (W = A or T)] and BO25 (5"-CTA GGA GTIT
CCG CAG TAT GGA TCG-3%), and the second round with
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primers BO11 [5-YTT YCC TGC TGG TGG CTC CAG TTC-3/
(Y = C or T)] and BO24 (5-GGG GTT GCG TCA GCA AAC
ACT TG-3"). The amplification products were sequenced on
both strands directly or after cloning into pUC118. Sequenc-
ing analysis after cloning was performed at ni 497-1161.

Construction of plasmid

A cloned mutant sequence including the RT region from a
sample obtained after the development of 3TC and ADV
resistance was digested with Blnl (TaKaRa Bio Inc.) and
EcoT221 (TaKaRa Bio Inc.). The digested fragment (nt 179~
1068) was ligated into the BInl-EcoT221 site of pBFH2R,
which contained a 1.3-fold HBV genome [28]. Quick Change
II-E Site-Directed Mutagenesis kit (Stratagene, La Jolla, CA,
USA) was used to introduce nucleotide substitutions into the
plasmid. Each mutation found in the RT region, rtL180M
[C to A at nt 667 (C667A)], rtT184S (A679T), rtA200V
(C728T), rtS202C (A733T), rtM204V (A739G), and
rtN236T (A836C), was converted into the wild type or
another mutant nucleotide. To construct plasmids
with combined nucleotide substitutions, these converted
plasmids were used next as templates. As a result, vari-
ant constructs harbouring rtM204I, rtL130M-+M204V,
rtL180M+T184S+M204V, rtL180M+A200V+M204V,
rtl180M+S202C+M204Y, rtL180M+M204V+N236T, and
rtL180M+A200V+M204V+N236T were composed, and all
constructs were sequenced to confirm the nucleotide sub-
stitutions.

Cell culture and transfection

Human hepatoma HepG2 cells were cultured in Dulbecco’s
modified Eagle medium supplemented with 10% bovine
serum at 37 °C and 5% CO,. Cells were seeded in 24-well
plates at 1.25 x 10° cells/well, On the next day, 375 ng of
plasmid DNA were transfected into these cells using TransIT
LT-1 Transfection Reagent (Mirus, Madison, WI, USA), and
cells were washed twice with phosphate-buffered saline after
4 h. Five hundred microliter of the medium and various
amounts of adefovir (Toronto Research Chemicals Inc.,
Ontario. Canada) were added, and the culture supernatant
was collected 4 days later. Experiments were performed at
least in triplicate.

Real-time PCR and determination of ICsp

HBV DNA in the culture supernatant was quantified by real-
time PCR as described previously [28] to determine the 50%
inhibitory concentration (IC50) for ADV of each mutant
HBV clone. Briefly, to digest the input plasmid DNA in the
culture supernatant, 5 uL of the supernatant were treated
with 5 units of DNase I (TaKaRa Bio Inc.) at 37 °C ior 2 I,
and the reaction was stopped with EDTA. Then, total DNA
was extracted with a QlAamp DNA Blood Mini kit, and

10 pL of 200 L DNA solution were subjected to real-time
PCR using a LighiCycler (Roche Diagnostics). Dose-response
curves were plotted {o determine the ADV IC50.

Statistical analysis

Statistical analyses were performed using Fisher’s exact
probability test for comparison of proportions between two
groups and Mann-Whitney U test for comparison of con-
tinuous variables between two groups. The cumulative rate
of undetectable HBV DNA or ALT normalization was cal-
culated using the Kaplan—Meier method, and differences
between the curves were tested using Log-rank test. Differ-
ences were considered to be statistically significant when
P < 0.05.

RESULTS

Study profile

The demographic and clinical profiles of the 28 patients [20
men and 8§ women, median age 53.5 years (range 18-72)]
at commencement of 3TC+ADV therapy are shown in
Table 1. One (3.6%), 7 (25.0%), and 19 (67.9%) patients
had HBV of genotypes A, B, and C, respectively. Eight
(28.6%) patients had cirrhosis, 7 (25.0%) had HCC, and 17
(60.7%) patients were HBeAg positive. The mutations of the
YMDD motif were determined by direct sequencing, and the
YIDD, YVDD, and YIDD+YVDD mixed pattern were found in
14 (50%), 11 (39%), and 2 (7%)of the patients, respectively.
Only one (4%) patient had no mutation in the YMDD motif.
There were no significant differences in the profiles between
patients with genotype B and those with genotype C.

Response to lamivudine and adefovir dipivoxil combination
therapy

The 3TC-resistant patients treated with the combination
therapy were followed up for a median of 47 months (range,
9-75). All patients continued to be treated with 3TC and
ADV unitil virological breakthrough. The 6-, 12-, 24-, 36-,
and 48-month rates of virological response with HBV
DNA < 2.6 log copies/mL were 39, 56, 80, 86, and 92%,
respectively (Table 2). The ALT normalization rates were
57% at 6 months, 70% at 12 months, 84% at 24 months,
82% at 36 months, and 77% at 48 months. When com-
pared between genotype B and C, the results of patients with
genotype B tended to be favourable for both virological and
bicchemical response (Figs 1a,b). The cumulative probability
of undetectable HBV DNA was significantly higher in
genotype B than in genotype C (P = 0.0496), whereas there
was no significant difference in that of ALT normalization.
Notably, patients with genotype B achieved early virclogical
response (HBV DNA < 2.6 log copies/mlL at 6 months)
significantly more frequently than those with genotype C

© 2010 Blackwell Publishing Ltd
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Table 1 Demographic and clinical characteristics of the 28 lamivudine-resistant patients at the start of adefovir addition to the
treatment

Overall (n = 28) Genotype B (n = 7)  Genotype C (n = 20)

Age (years), median (range) 53.5 (18-72) 51.0 (18-72) 53.5 (35-68)
Male patients, no. (%) 20 (71.4) 5(71.4) 14 (70.0)
Patients with cirrhosis, no. (%) 8 (28.6) 1(14.3) 7 (35.0)
Patients with HCC, no. (%) 7 (25.0) 0 (©0) 7 (35.0)
HBeAg positive, no. (%) 17 (60.7) 3 (42.9) 13 (65.0)
HBV DNA (log copies/mL), median (range) 7.6 (4.3 to >7.6) 7.2 (5.3 to >7.6) 7.6 (4.3 to >7.6)
Patients with rtM204 mutation (M:LV:I/V, no.) 1:14:11:2 1:3:2:1 0:11:8:1

ALT (IU/L), median (range) 86.5 (29-1027) 314.0 (47-760) 78.5 (29-1027)
T. Bil (mg/dL), median (range) 1.1 (0.5-4.5) 1.1 (0.5-1.5) 1.1 (0.5-4.5)
Albumin (g/dL), median (range) 4.1 (2.7-4.8) 4.2 (3.8-4.8) 4.0 (2.7-4.6)
Serum creafinine (mg/dL), median (range) 0.7 {0.4-1.2) 0.7 (0.6-1.2) 0.7 (0.4-1.2)
Prior lamivudine therapy (month), median (range) 28.6 (2-76) 36.5 (2-76) 28.6 {5-65)

HCC, hepatocellular carcinoma; ALT, alanine aminotransferase; T. Bil, total bilirubin. *One patient had genotype A HBV.

Table 2 Virological and biochemical respense to lamivudine and adefovir combination therapy during a median of 47 months

Months of treatment

Response On=28 6m=28) 12(n=27) 24n=25) 36 (n=22) 48(n=13) 60(n=7)
HBVDNA < 2.6 00 11 (39.3) 15 (55.6) 20 (80.0) 19 (86.4) 12 (92.3) 6 (85.7)
HBV DNA 2.6 to <5.0 1(3.6) 15 (53.6) 11 (40.7) 5 (20.0) 3(13.6) 1(7.7) 1(14.3)
HBV DNA = 5.0 27 (96.4) 2(7.1) 1(3.7) 0(0) 0 (0) 0 (0) 0 (0)

ALT normalization” NA 16 (57.1) 19 (70.4) 21 (84.0) 18 (81.8) 10 (76.9) 6 (85.7)
HBeAg 4:1isappeaIanceJr NA 1/17 (5.9) 4/17 (23.5) 4/16 (25.0) 8/13 (61.5) 7/8 (87.5) 4/5 (80.0)
Virological breakthrough NA 0 (0) 0 (0) 0O 0 (0) 0 () 1(14.3)

Values are shown as numbers of patients followed by percentages in parentheses. NA, not applicable. "ALT < 35 IU/L. TValues
are shown as numbers of patients/total followed by percentages in parentheses.’

[5/7 {(71%) vs. 5/20 (25%), P = 0.0427]. Although the
status of HBeAg at the start of ADV seemed to influence the
response, the difference was not significant (Figs lc,d).
Among 17 HBeAg-positive patients, HBeAg disappeared in
6% at 6 months, 24% at 12 months, 25% at 24 months,
62% at 36 months, and 88% at 48 months. There was no
patient with hepatitis B surface antigen (HBsAg) loss during
follow-up in this study.

Three of 22 patients who were treated for more than
36 months did not achieve virclogical response. One of them
developed virological breakthrough after 54 months of
combination therapy. The other patients had 2.8 and
3.5 log copies/mL of serum HBV DNA at 36 months of
therapy but did not develop breakthrough. None of the
patients experienced biochemical breakthrough. One patient
with HCC died of HCC progression at 9 months after ADV.
None of the 21 patients without HCC at the start of ADV
developed HCC during follow-up.

The renal toxicity with a 20.3 mg/dL increase in serum
creatinine level was observed in five of the 28 patients. Two

© 2010 Blackwell Publishing Lid

of them had a >0.5 mg/dL increase: the serum creatinine
levels were increased from 0.8 to 1.4 mg/dL after 31 months
in a patient, and from 0.9 to 1.7 mg/dL after 34 months in
another patient. As their eGFR levels were lowered to 39 and
29 mL/min, the dosage of ADV was reduced to alternate-day
administration. After the reduction of ADV, their serum
creatinine and eGFR recovered.

Profile of a patient with lamivudine and adefovir dipivoxil
resistance

He was a 53-year-old Japanese man with HBeAg-positive
liver cirrhosis at the start of 3TC monotherapy in April
2002. The genotype of HBV was found to be genotype C. His
clinical course is shown in Pig. 2. He developed break-
through hepatitis with serum BBV DNA of >7.6 log copies/
mL and alanine aminotransferase (ALT) of 236 IU/L in
March 2003. ADV was added to the ongoing 3TC therapy in
June 2003, and BBV DNA was gradually reduced reaching
<2.6 log copies/mL 3 years later. However, virological
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Fig. 1 Cumulative probability of virological or biochemical response during lamivudine (3TC) and adefovir dipivoxil (ADV)
combination therapy. (a) Cumulative probability of undetectable HBV DNA (<2.6 log copies/mL) in patients with genotype B
and those with genotype C. (b) Cumulative probability of ALT normalization (<35 IU/L) in patients with genotype B and those
with genotype C. (c) Cumulative probability of undetectable HBV DNA in HBeAg-positive patients and HBeAg-negative
patients. (d) Cumulative probability of ALT normalization in HBeAg-positive patients and HBeAg-negative patients.

breakthrough was observed at 4 years after starting ADV,
and his HBV DNA reached 4.3 log copies/mL in December
2007. Because his liver was cirrhotic and the hepatic func-
tional reserve was impaired, combination therapy of ten-
ofovir disoproxil fumarate (TDF) and 3TC was started before
ALT flatr. Two months later, his HBV DNA was suppressed to
<2.6 log copies/mL, and viral breakthrough has not been
observed to date (20 months later).

Mutations found in the HBV reverse transcriptase region
of the lamivudine and adefovir dipivoxil-resistant patient

To investigate the mutations responsible for the viral
breakthrough during the 3TC and ADV combination ther-
apy, nucleotide sequences of the HBV RT region of the
patient were compared betwesn 3 time points: ai the
beginning of ADV treatment, at 30 months after ADV
therapy, and at the time of viral breakihrough (54 months
after ADV therapy). Direct sequencing analysis showed 10
amino acid changes during the clinical course (Fig. 2). The
3TC-resistant mutation of riM2041 changed to riM204V

after ADV treatment. Along with the change, the mixed
mutation of rtL.180L/M changed to rtL180M, which was
reported to emerge with rtM204V during 3TC therapy [9].
The rtN236T mutation, which is a known ADV-resistance
mutation [11], emerged as a mixed mutation with wild type
(rtN236N/T) after viral breakthrough. Notably, rtA200V,
which has never been reported as an ADV-resistant muta-
tion, emerged also after viral breakthrough as a mixed
mutation (rtA200V/A). Meanwhile, no specific mutation
was found in the 2 patients without virological break-
through who did not achieve virological response after
3 years of the combination therapy.

Clonal analysis was performed to examine the significance
of these mutations of the RT region (Table S1). Several
minor mutations were found during the 3TC and ADV
therapy. After viral breakthrough, rtA200V was found in
63% of the clones, while riN236T was found in only 25% of
the clones. Therefore, rtA200V seemed to be responsible for
the treatment failure of ADV. Moreover, rtT184S and
§202C, which were reported as BTV resistance—associated
mutations [29], were found as a minor population.
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Fig. 2 Clinical course of a lamivudine (3TC)-resistant
patient who developed virclogical breakthrough during 3TC
and adefovir dipivoxil (ADV) combination therapy, and
changes of amino acids in the reverse transcriptase (RT)
region detected by direct sequencing analysis. After
breakthrough, therapy was switched to 3TC plus tenofovir
disoproxil fumarate (TDF) combination. The arrows indicate
the time point when serum samples were obtained for
sequencing analysis. Sample 1, 2, and 3 were obtained at
the start of ADV, 30 months after ADV, and 54 months
after ADV, respectively.

To investigate further the mutant populations, the combi-
nations of these mutations and 3TC-resistant mutations
were analysed (Fig. 3). At 30 months after ADV therapy,
100% of clones had mutations rtL.180M-+M204V. Subse-
quently, the mutations of rtT184S, A200V, S202C, and
N236T emerged in the riL180M+M204V clones after viral

30 monihs after ADV
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breakthrough. Of note, rtN236T was not found in clones
without rtA200V.

Replication capacity and drug susceptibility of HBV
mutants

We analysed the replication capacity of HBV clonss with
combined mutations as shown in Fig. 3. A clone with
rtL1 80M+M204V+N236T mutations, which was not found
in the patient, was also included for comparison. Consistent
with a previous report [30], 3TC-resistant mutations of
rtM2041 or rtL180M+M204V lowered the replication
capacity significantly in comparison with the wild-type clone
(Table 3). From additional mutations to rtL.180M~+M204V
found in the patient, only rtA200V restored the impaired
replication capacity significantly. The ETV-resistant muta-
tion of rtT1848 and rtS202C did not seem to have such an
effect. The ADV-resistant mutation, rtN236T, lowered the
replication capacity further, and rtA200V did not restore the
lowered capacity caused by rtN236T.

The 7 HBV clones with mutations in the RT region were
analysed for their susceptibility to ADV. The ICsy of each
clone is shown in Table 3. The clones with the 3TC-resistant
mutations of rtM2041 or rtL.180M+M204V showed moder-
ate resistance to ADV. In comparison with the clone with
rtL180M+M204V, clones with additional mutations of
rtT1848, A200V, or 8202C showed significantly higher
resistance to ADV. An additional mutation of rtN236T led to
much greater resistance to ADV. Taking into account
the results from the clonal analysis of serum samples and the
replication capacity of each clone, rtA200V may be
responsible for the treatment failure of 3TC+ADV therapy
when it presents with 3TC-resistant mutations such as
rtL.180M+M204V. The mutations of rtT1848 or S202C with
rtL.180M+M204V also confer ADV resistance, but the clones

54 months afier ADY

At the start of ADV

1M2041

A200V+M2041 1
L180M-+M204Y
L180M+T1848+M204V
L180M+A200V+M204V
L180M+8202C+M204Y

L180M+AZ00V+M204V+N236T

i20/20

21 (18/48)

48)

4] 20 40 60 80

i00 0

20 40 60 80 100 O 20 40 60 80 1060 (%}

Fig. 3 Clonal analysis of HBYV obiained from the patient with 3TC and ADV resistance. The serum samples were collected at
the time points indicated in Fig. 2. The percentages (no. of clones/total in parentheses) of the clones with the combined

mutations in the RT region are shown.
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Table 3 Replication capacity and susceptibility to adefovir of the HBV mutants

HBV DNA (x107 log Fold Fold
HBY mutants copies/mL)’ replication’ ICsg (un)” resistance’
wild type 13.60 + 3.50 i 0.42 = 0.06 1
M2041 2.17 +0.38 0.16 0.87 £0.2 2.07
L180M+M204V 438 +0.77 0.32 0.73 % 0.06 1.74
L180M+T1848+M204V 5.98 + 0.80 0.44 0.91 + 0.04 2.17%
L180M+A200V+M204V 8.90 = 0.56 0.65% 1.09 £ 0.12 2.60%
L180M+S202C+M204V 4,86 +0.19 0.36 2.19 + 0.63 5.21%
L180M+M204V+N236T 0.88 + 0.68 0.07* >10 >25
L180M+A200V+M204V+N236T 0.54 + 0.38 0.04% >10 >25

“Values are expressed as means + SD of experiments performed in triplicate. T(Mean value of the mutant)/(mean valae of the
wild type). *P < 0.05 in comparison with the clone with rtL180M+M204V.

with these mutations were not major, because they had no
effect in enhancing the replication capacity of HBV.

DISCUSSION

As clinical and histological improvement accompanies
reductions in HBV replication, therapies that reduce HBV
replication are expected to limit the progression of liver dis-
ease and improve the natural history of chronic HBV infec-
tion [10]. Currently, the management of hepatitis B patients
with drug resistance is one of the major problems in clinical
practice for hepatitis B. A substantial part of 3TC-treated
patients has mutant HBV with the YMDD mutation, and
several clinical trials to treat 3TC-resistant hepatitis B have
been performed. It has been reported first that with ADV
alone and in combination with 3TC, the viral and bio-
chemical responses were the same for 3TC-resistant patients
in a 1 year study [31]. However, several studies of longer
term treatment have shown that adding ADV was superior
to switching to ADV monotherapy for patients with 3TC
resistance [32—-34]. In this study, we demonsirated that the
add-on ADV therapy for 3TC-resistant hepatitis B patients
effectively suppressed serum HBV DNA for a median of
4.7 months. Moreover, the biochemical response of ALT
normalization was achieved in 77% patients and HBeAg loss
in 88% of the HBeAg-positive patients at 48 months. The
undetectability of HBV DNA was assessed by the Amplicor
HBV monitor test, but recently, this can be assessed by a
more sensitive real-time assay such as the Cobas TaghMan
HBV test (Roche Diagnostics). The treaiment duration to
achieve HBV DNA undetectability might be longer if a more
sensitive assay was used.

The influence of HBV genotype on the response or resis-
tance to ADV has not been clarified, whereas the efficacy to
3TC was reported to be different between HBV genotypes
[24,25]. This study showed that the virological response to
3TC+ADV was significantly earlier in genotype B than in C.
However, there were several limitations of the results: the

patients with genotype B were fewer, and no multivariate
analysis was performed. In addition, all patients with HCC
were genotype C, and ALT levels of genotype B tended to be
higher, although there were no significant differences. The
effect of genotype on the response to 3TCtADYV should be
confirmed in larger studies. The baseline HBeAg status in
3TC+ADV combinaiion therapy in 3TC-resistant patients
was reported to influence the viral response: HBeAg-negative
patients showed betier virological and biological
response [35]. In this study, the same tendency was
observed, but the difference was not significant.

Initial virological suppression by ADV monotherapy was
reported to be a good prognostic factor for the treatment of
both naive patients [36] and 3TC-resistant patients [37].
Taking into account the results of this study and previous
reports, it is suggested that patients with genotype B HBV
might develop resistance to 3TC+ADV less frequently than
those with genotype C. In fact, the 3TC+ADV-resistant
patient in this study was infected with genotype C HBV.
Because the development of resistance to 3TC+ADV
combination therapy is rare {22,35], it is difficult to evaluate
whether the early virological response or genotype B is
associated with the lower frequency of resistance to
3TC+ADV combination therapy. Further long-term study is
needed to clarify this issue.

Although the emergence of resistance in this study was
rare during the combination therapy as previously reported
[22,35], one patient developed virclogical breakthrough
after 4.5 years. We identified a characteristic mutation
pattern of HBV in this patient. The mutation of rtA200V
rescued the in vitro replicaiion capacity that was impaired by
riL180M-+M204V and reduced the susceptibility to ADV. In
previous reports, rtAZ00V emerged as an additional muta-
tion with the 3TC-resistant mutation in patienis under 3TC
monotherapy [38.39]. The effect of this mutation is not as
strong as the effect of rth2041/V+L180M on 3TC suscepti-
bility in vitro, which showed >1000-fold resistance [40].
However, the clinical dose of ADV is comparatively low
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because of renal toxicity [41], and the weakly resistant
profile in vitro can explain the great clinical impact. Villet
et al, reported that rtA200V was observed in a patient with
3TC monotherapy, and it was no longer detected after the
combination therapy with ADV and 3TC [39]. The difference
of results between the previous study and our study may be
because of the emergence of mutations with a potent effect
on ADV resistance, such as rtV173L and rtA181V, in the
previous study. Because these mutations may have a greater
effect on ADV resistance than rtA200V, the HBV clones with
rtA200V seemed to disappear in the previous study case.

The known ADV-resistant mutation of rtN236T was
found in oniy 25% clones, exclusively with rtA200V. This
may indicate that rtN236T appeared after the emergence of
rtA200V. In the active replication of the clones with
rtA200V, which restored the replication capacity and
enhanced ADV resistance, other muiations including
rtN236T might occur more readily.

The rtA200V mutation is the result of nucleotide substi-
tution C728T. This change in the overlapping S region
results in an amino acid substitution affecting HBsAg: Leu to
Phe at aal192 (sL192F). There is a possibility that sL192F
may affect the replication capacity of HBV, but the actual
mechanism is unknown.

Interestingly, the ETV-resistant mutations of rtT184S and
rtS202C were also detected during 3TC+ADV combination
therapy by clonal analysis. These mutations confer ETV
resistance in the presence of the 3TC-resistant mutations of
rtM2041/V+L180M [21]. This study showed that these
mutations also have an ADV-resistance profile. These
mutations may not cause viral breakthrough, because the
population of these mutants in the patient was minor (4%
and 6%, respectively), and their replication capacity was
lower than that with rtA200V in vitre. The emergence of
these mutations suggested that long-term 3TC+ADV ther-
apy has the possibility of leading to multiple drug resistance
including ETV resistance,

The combination therapy of 3TC and ADV is very effective
with little frequency of viral breakthrough for 3TC-refractory
patients. However, some patients do not achieve complete
viral suppression of serum HBV DNA to under 2.6 log
copies/mL. It was considered that the incomplete suppres-
sion of viral replication might favour further selection of
drug-resistant mutants [42]. Although there have been a
few reports of cases that showed resistance to 3TC+ADV
therapy to date, the number of resistant cases will increase
along with the increase in cases with long-term therapy. The
3TC- and ADV-resistant patient in this study was treated
with 3TC and TDF after the virological breakthrough, and
HBV DNA was promptly suppressed. Although TDF was
reported to show cross-resistance with ADV in viiro
[16,40,43], there are several reports that showed the
effectiveness of TDF for ADV-refractory patients [44—46]. It
is thought that the potency of TDF might result from its
higher clinical dose compared to that of ADV [47].

© 2010 Blackwell Publishing Ltd

Long-term therapy with lamivudine and adefovir 213

In conclusion, this study showed that the combination
therapy of 3TC and ADV effectively suppressed HBV repli-
cation in 3TC-resistant patients with chronic HBV infection
for 4 years. Especially, patients with genotype B achieved
earlier virological response than those with genotype C.
However, one of the 28 patients developed virological
breakthrough during the combination therapy over 4 years,
and the HBV mutation of rtA200V, in addition to 3TC-
resistant mutations, was demonstrated to contribute to the
ADV resistance. Moreover, ETV-resistant mutations emerged
coincidentally in minor HBV clones. The risk of emergence of
multiple drug-resistant mutant should be considered in cases
with long-term therapy with nucleos(t)ide analogues, espe-
cially when serum HBV DNA cannoct be suppressed com-
pletely. Potent antiviral agents should be administered in
such cases to prevent the emergence of muitiple drug-
resistant HBV mutants that are difficult to treat.
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Additional Supporting Information may be found in the
online version of this article:

Table S1 Clonal analysis of HBV RT region of samples from
the patient with lamivudine and adefovir resistance.
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