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Al To elucidate the effeciiveness of combination therapy
of splenectomy and long-term Interferon (IFM) on survival
and hepatocarcinogenesis, we retrospeciively analyzed 180
patienis with hepatitis C virus (HCV)-related cirrhosis and
thrombocytopenia.

Methods: Group A consisted of 121 patients who received
neither splenectomy nor IFN therapy. Group B consisted of 11
patients who underwent splenectomy only. Group C con-
sisted of 32 patients who underwent IFN therapy only. Group
D consisted of 16 patienis who received the combination
therapy splenectomy followed by IFN therapy.

Results: The viral response in group D estimated at least
& months after IFN therapy showed sustained viral response
in four patients, biochemical response in one and no response
in six. Multivariate analysis using time-dependent variables
showed significant improvement of survival rate in patients
on the combination therapy,but no effect on the appearance
rate of hepatocarcinogenesis relative to the findings in group
A.

Conclusions: In this study, the splenectomy did not direcily
improve the prognosis, but increased the ability for patients
to undergo IFN. As a result, we considered thai the combina-
tion therapy of splenectomy and long-term IEN significanily
improved survival rate in patients with advanced HCV-related
cirrhosis and thrombocytopenia.

Key words: cirrhaosis, hypersplenism, interferon,
splenectormy, thrombocytopenia

Abbreviations:

AFP, Alphafetoproiein; ALT, Alanine aminotransierase; AST,
Aspartic aminotransferase; BR, blochemical response; Cn,
Computed tomography; HCC, Hepatocelular carcmoma; HCV,
Hepatitis C virus; 106 R15, indocyanine gresn retention rate at
15 min; IFN, Imm jeron, MELD score, Model for End-Stage
Liver Disease score; MR, No response; PLT, platelet; SVR, Sus-
tained virological response; TTT, Thymol iurbidity test; US,
Ultrasonography; ZTT, Zinc suhaLe turbidity test.
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E paiients wu.%

viral (HCV) infection hmns the use of m_uan"eron (IFI)
therapy. The different treatment modalities for hepato-
cellular carcinoma {HCC), such as hepatic tesection,
radiefrequency ablation, or percutaneous ethanol injec-
tion, are alsc limited by low platelet (PLT) counts. In
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nd low model §

fion is not warranted and the us 1iherapy o
slow down the progression to liver 1aﬂme is not recoimn-
mended. In other words, such patienis are 100 healthy
for transplantation and too thrombocytopenic o treat
with antiviral agents. Splenectomy has been suggested
for the treatment of secondary hypersplenism and
thrombocytopenia as a means to improve PLT count.!
If patients with HCV-related cirrhosis and thrombocy-
topenia could receive the benefits of splenectomy® and
IEN therapy,*® such therapy would clinically be very
useful. The combination therapy of splenectomy and
long-term IFMN administration may improve survival

rate and reduce the incidence of hepatocarcinogenesis.
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However, there are only a few reports that have exam-
ined the usefulness of this combination therapy in
paiients with advanced HCV-related cisthosis and low
PLT count.® In this study, we retrospeciively analyzed
180 paiients with compensated cirthosis and throimb-
ocyiopenia who had received the combination therapy
of splenectomy and long-termn [FN to determine the
effects of such treatient on the survival rate and ind-
dence of HCC.

PAT AND METHODS
Study popula

sera were positive for anuoodlco io HLJ {anti- HC\/
second-generation anti-HCV kit; ELISA, Dainabot,
Tokyo, Japan), positive HCV-RNA (Amplicor HCV
monitor assay version 2.0; Roche Diagnostics, Tokyo,
Japan), and negative for hepatitis B surface antigen
(HBsAg; radioimmunoassay, Dainabot). Anti-HCV was
assayed using stored frozen sera at -80°C. They were
diagnosed with liver cirthosis between 1990 and 2006
at Toranomon Hospital, Tokyo, Japan. In addition to
’ive‘r biopgy aﬂd/m‘ p?ritnneoscopy, ﬁ‘/'e'l" cirrhosis was

of es ophaoeczl vari es) and wnh com p‘U.Pd fom oqaphu
{CT) or ulivascnographic (118) findings. The following
protocol was applied in our hospital until 2000:
Patients with a platelet count of less than 50 X 10°/pL
are eligible for HCC surgery (such as hepatic resection,
radiofrequency ablation, or percutaneous ethanol injec-
tion) provided they receive platelet transfusion. The
decision to pursue splenectomy was individualized and
based on ﬂ e presence dno:nbocm@w i

ind/or intrac-
atients.

: le Pcmmy
on cirthotic patients wuh low PLl count ® 103/
pL). Of the total 180 paiients, 121 (67.2% ) patienis
received neither antiviral therapy nor splenectomy
{group A). Thirty-two (17.8%) patients received only
IFN therapy (group C). The remaining 27 (15.0%)
patients underwent splenectomy {11 patienis under-
went only splenectomy [group B] and 16 received IFN
therapy after spleneciomy jgroup D}). Splenectomy was
performed for the following reasons; (i) low PLT count
in 20 patients (six [54.5%] of group B and 14 [8.5%] of
group D), (ii) low PLT count and part of treatmeiti of
gastric varices in three (one [9.0%] of group B and two

Om
OOV
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{12.5%)] of group D), and (iii} low PLT count and refrac-
tory esophageal varices in four (four [36.4%] of group
B). None of the patients required ermergency splenec-
tomy (e.g. bleeding gasiric varices or other bleeding
complications related to low platelet count). Our insti-
tution does not require informed consent for retrospec-
tive analysis.

Patients background and laboratory data

Table 1 summarizes the profiles and patients of groups
A, B, C and D ai the dme of diagnosis of liver cirthosis.
Indocyanine green test was conducted in 91.2% of the
patients. Patienis of group D had significanily lower PLT
count (P=0.01) and AST (P=0.01) than patienis in
others groups. The proportion of group A patienis who

umed alechol at > 80 g/day was signifi-
1
l

her groups. Patienis of group C had

-
gignificantly 1ow<1 TTIT (P=0.08) than othere.

Splenectomy

Splenectomy was performed through midline or left
subcostal incision depending on body habitus and pre-
vious incisions. For group B, five patients underwent
splenectomy and six underwent Hassab's operation.” In
group D, 13 pa‘tien‘ts underwent splenectomy and three
underwent Hassab's operation.

IFN treatment

Thiriy-iwo patients received 1FN therapy (group C). In
group C, 21 patienis received 3 million units of IFH-a.
(“Lauhal or recombinant) int musculally three times
per week to maintain a low alanme aminotransferase
(ALT), 11 patients received 6 million units of IFM-o t0
eradicate HCV. Paiienis of group C received IFN therapy
for a median period of 0.5 years (range, 0.0-9.7 years].
Slsxeen patienis received ihe COLﬂle&UOll LhenaD /
, 12 (75%) patients underwe
-
i

puipose of induction o
g e other p‘ tenis (25%) ha 1
gone spleﬂeaomy pre dating thi -1dy In grou P D, 11
patients (Cases 1-4, 8, 10- 13 15-16) received 3

million units of IEN-o. (natural or recomblnam) intra-
muscularly three times per week to maintain a low ALT,
3 patients (Cases 6, 7, and 9) received 6 million uniis of
IFM-0, to eradicate HCV. For the other two patienis; one
(Case 5) received pegylated IFNo2b (50 pg) mono-
therapy and the other patient {Case 14) received
pegylated IFNo2b (50 ug) plus ribavirin (400 mg)
combination therapy to maintain low ALT (Fig. 1).
Patients of group D received IFN therapy for a median
period of 1.4 years (range, 0.2-12.4 yeais).
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Table 1 Patient profiles and laboraioty data at the time of diagnosis of cirthosis
Group A (Neither Group B Group C Group D P*
spleneciomy {spleneciciny) (IFRY) (splenectomy + IFIN)
nor IFN)
Demography

to. patientis 121 i1 32 16

Sex (M/F) 64/57 6/5 13/19 13/3 0.07

Age (years)t 61 {32-82) 61 (42-66) 59 (36-72) 52 (36-60) 0.41

Alcohol iniake of 80 g/day or more 29 0 10 0 0.03

Diabetes mellitus 12 i 4 2 0.96
Laboratory datat

Platelet count (X 10°/u1L) 61 {17-80) 64 (42-75) 66 {25-80) 44 (27-78) 0.01

Prothrombin aciivity (%) 73 (50-101) 79 (58-94) 80 (66-100) 74 (47-100) 0.88

Albumin (g/dL) 3.5 (1.7-4.8) 3.5 (2.0-4.3) 3 4 (2.5-4.1) 3.3 (2.7-4.5) 0.64

ZIT (Kunkel) 123 (0.7-233) 103 (33-182) 108 (44-21.0) 12.0 (6.1-17.1) 0.29

TIT (Kunkel) 141 {0.4-37.2) 120 {£.4-16.9) 75 (1.2-34.0) 127 (2.7-34.1) 0.08

Bilirubin (mg/dL) 1.5 (0.4-7.7) 1.2 {0.7—5.3 1.1 (0.6-2.7) 1.2 {(0.6-44 G.03

AST (IU/L) 64 (21-652) 83 {31-157) 75 (28-21¢6) 60 (30-154 0.17

ALT (IU/L) 53 (11-239) 72 (24-191) 71 (18-298) 46 {14-182) 0.01

ICG R15 (%) 38 (12-96) 41 (15-64) 32 (6-62) 32 (8-53) 0.44

Alpha-fetoprotein (ng/mL) 23 (2-909) 40 (3.9~165) 29 (5-631) 11 (4-190) 0.28
ALT, alanine aminotransferase; AST, aspartic aminotransferase; 1CG R15, indocyanine green retention rate at 15 min; TTT, thymol
tubidity test; ZTT, zincsulfate tubidity test.

*Kruskal-Wallis test or %*-test. {Expressed by median (min, max).

The effect of IFIN therapy was classified according o icca to follow up [14 pauenis (11.6%) from group A
elimination of HCV-RINA and ALT vals monthe af wo patients (18.2%) from group B, one patient (3.1%)
the end of treatment. Sustained vuolosical TespOonse fa“«:n group  and iwo patients (12.5%) from group D).
(SVR) was d i)Pd as persistent disappearance of HCV The date of the last follow-up in this study was 31 March
RMNA after therapy, biochemical response (BR) as 2007, and the median observation period of studied

normal ALT values without elimination of HCV RINA for
at least 6 months after therapy, and no response (INR) as
persisiently elevated or transiently normalized ALT
levels without loss of HCV RIMNA.

o

Follow up ef patients

followed up on a monthly b
,r?iagnc;»sis of cirrthioeis by montioring hes

chemical, and virologic data. Imaging studies were con-
ducted three or more times per year in the majority
of patients by using computerized tomography (CT) or
ulirasonography (US). Angiography was peiformed
only when HCC was highly suspected based on CT or
US. When angiography detected a typical hypervascular
nodule, it was considered a specific finding for HCC in
these follow-up patients, and histological confirmation
was usually not required in the majority of patients. If
the angiographic study did not show any hypervascular
staining in 2 small hepatic nodule, a fine needle biopsy
was performed. In this cohort, 18 (12.2%) patienis were

patients was 5.9 years (range, 0.1-19.6 years).

Statistical analysis

Mon-parametric procedures were used for the analysis of
i‘vackgrou

nd fj*alaCLeLlSLlCu of the patienis, lm‘lﬂcubﬁ

the period beiween diagnosis of liver ciithosis and death
in each group, by using the Kaplan-Meier method.®
HCC appearance rate was calculated from the period
between diagnosis of liver ciithosis and appearance of
HCC in each group, by again using the Kaplan-Meier
method. Differences in slopes of survival and carcino-
genic curves were evaluated by log-rank test. The median
waiting period between diagnosis of cirrhosis and sple-
nectomy was 1.6 months (range, 0.0-199.5 months) for
groups B and C. To compensate for waii-time bias in
the splenectomy groups, curves of survival and HCC
appearance were also drawn from the time of diagnosis

© 2009 The Japan Society of Hepatology
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Gase | Genotype |10 0 oy and 11 |Vl Sict | 1 2
1 ib 219y NR
2 ib 01y NR
3 b 38y NR
4 1b 04y NR
5 2a 0.1y SVR
5] 2a 0.1y SVR
7 22 04y SVR
8 s} 05y
2 23 KRR SYF

10 1 0.0y BR

i ib 1.0y NR

12 ih 0.1y

13 ib 25y NR

14 ib 01y
15 i 0.0y

16 Za G2y

Figure 1 Individual patients who underwent spleneciomy followed by long-term IFH therapy {group D). Hepaiocellular carci-

noma (HCC) developed in five of

16 patienis. The dotted bars and arrows represent 1R therapy and follow-up period. H

appearance of HCC; SVR, sustained virological response; BR, biochemical response; NR, no response; T, death.

of cirrhosis in the groups. Independent factors associ-
ated with survival and HCC appearance were studied by
using time-dependent Cox regression analysis.’” The fo

lowing 14 variables were anﬂ]?% for 30@1:.1@1 covazi-

i -une) association of diabetes,
albumin, zinc suhal.e Jilbldlty test (ZIT), thymol tus-
bidity test (TTT), bilirubin, aspartic aminotransferase
(AST), ALT, PLT count, prothrombin activity, indocya-
nine green retenilon rate at 15 min (ICG R15), and
alpha-fetoprotein (AFP). In addition to these variables,
an interaction term of “waiting time” from the diagnosis
of liver cirrhosis to splenectomy was introduced in the
analysis as a time-dependent covariate. Several variables
were transformed into caiegorical data consisting of two
or three simple ordinal numbers in order to estimate the
hazard ratio. All factors found io be at least marginally

©® 2009 The Japan Society of Hepatology

associated with survival and liver carcinogenesis
(P <0.10) were eniered into muliivaiiate Cox propor-
uona] hazm d model. A P valnc of less than 0.05 was
ratistical analyses were

b Zi‘m az0, IL,

(ol

e

o 3

W'\y;.
O

RESULTS

Effects and complications of splenectomy

HE SPLENECTOMY GROUP consisted of 11

patienits with Child-Pugh Class A (group B=2
gioup D = 8), 15 with Child-Pugh Class B (group B =8,
group D = 7) and 1 with Class C (group D = 1) at opera-
tion. The median weight of the removed spleen was
430 g (range, 190-1600 g). Leukocyte count, PLT count
and total bilirubin improved in most patients after sple-
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nectomy. Leukocyte count increased about 1.6 times
at 6 months after splenectomy [before spleneciomy,
median = 3200/mm? (range 1800-5600); afier splenec-
fomy, 5200 (3700-9000); P<0.001). PLT count
increased about 2.3 times at 6 months after splenectomy
[before splenectomy, median =47 x 10°/uL (range,
26-77 x 10%); after splenectomy, 110x10°* (79~
275 % 10%); P<0.001). Total bilirubin decreased about
0.6 times at 6 months after splenectomy [before sple-
neciomy, median =1.2 mg/dL (range, 0.6-4.4}; afier
splenectomy, 0.7 (O 4 1 8), P=0.001). Leukocyie and
PLT counis reached peak levels within a month after
spleneciomy and were almost stabilized at six months.

Postoperative complications following splenectomy
developed in three patients; hemoperitoneum (n=1),
sis (n= 1) and secondary thromb-
hiylactic

portal vein thrombos
ocytopenia (n = 1). Some patien
anticoagulation to protect agains

5 received p

poaai vein thrombo-
sis after splenectomy. One patient with hemoperito-
neum died due to multiple organ failure, while the other
patients recovered with medical treatment.

Complications of splenectomy plus IFN
combination therapy

Figure 1 shows patients thai underwent combination
e .

themp'y {group D). Durin, 8! cbeervation period, one
patient (Case 3) of group D died of liver failure caused
by progression of HCC. The causes of death in thre

other patients were not deemed to be Lomphccmonu
related to the combination therapy. MNone of the
patients of group D developed serious complications
(e.g. portal vein thrombosis, post-operative hemor-
rhage, pneumonia, sepsis) from the splenectomy. Post-
operauvﬂy, none of the patients showed worsenng of
liver biochemical tes

t results or riwelowd decompen-

SN0 L)’E!Q

the imimediate postopera eri

(18.8%) of group D discontinued IFN therapy for Lh(’
following reasons; severe thrombocytopenia (Case 1),
NSAID-induced liver injury (Case 2) and peripheral
neuropathy (Case 13). In contrast, eight paiients
(25.8%) of group C discontinued IFN therapy. Three
(37.5%) of them discontinued IFN therapy due to
severe thrombocytopenia. When frequency of discontin-
ued IFN therapy was compared with group C and D,
there was no significant difference (P = 0.73). However,
there were cases, eight in group C but 0 in group D, who
required a reduction in IFN dosages during treatment as
compared with the beginning of treatment (P=0.03).

Combination therapy of spleneciomy and interferon 443

The splenectomy could have increased the ability for
patients to undergo IFN.

t of IFM therapy after splenectomy

of 16 (68.8%) patients of group I had HCV
anoayp& 1b and five {31.3%) had HCV genotype Za
(Fig, 1). The viral response was determined at least
6 months after TIFN therapy; SVR was noted in four
(36.4%) patients, BR in one (9.1%) and NR in six
(54.5%). Three patients coniinue to receive IFI therapy
at present. in this study, patients with SVE were all male
and had genotype 2a. One of the patients with S5VR
received pegylated-IFNe~2b (Case 5, Fig, 1) while other
patients received IFN02Zb. Meanwhile, 18 of 32 (56.3%)

ey
et
]
<
Q

patients of group C had HCY wnm[y’ b, 1_2 (27.5%)
had HOV genoiype 2a and iwo (6.3%) had HCV geno-

e 2b. Group C had more pa'n_ems with low HCY-RRA
(< 100 000 11I/mL) than group D (12 [37.5%] of group
C and thiee [18.8%)] of group D, P=0.09). In group C,
SVR was noted in 7(21.9%) patients, BR in six {18.8%)
and NRin 17 (53.1%). Two patients continue to receive
IFN therapy at present.

SVR were not significantly different between group C
and D (P=0.43). This result might be a reason that
group D had more patients with HCV genotype 1 and
higher HCV-RINA than group C.

iogenesis

During the follow-up period of up to 17 years (median
observation period of 5.9 years), HCC developed in 65
patients (36.1%): 40 (33.1%) in group A, five (45.5%)
in group B, 16 (50.0%) in group C and four (25.0%) in
group D. HCC appearance rates at the end of the third
yPa‘f were 19.9, 20.0, 25.0 and 6.3% in group A, B, C and
8.5, ’%7 3, 34.5 and 14.1% at the end of the fifih

nd 38.8% at the end of tenih

Rate of hepatocarcin

h partiic Ulal,
appearance rate in group D was not significanily differ-
ent compared with group A (log-rank test, P = 0.50).

In addition, the rate of carcinogenesis correlated
inversely with the duration of IFN adminisiration
(Fig. 1). For group D, 9 of 14 patients were treated with
IFN for 2 12 months. The carcinogenic rate ai the end of
the 5th year in the remaining patients of the same group
who were treated with IFN for < 12 months (20.0%)
was higher than in those treated for > 12 months
(9.1%). Multivariate analysis showed that the hazard
ratio of carcinogenesis for patients teated with IFN for

© 2009 The Japan Society of Hepatology
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> 12 months was 0.022 after adjustments for significant
covariates, but was not significantly different (P = 0.43).
We also assessed the effects of splenectomy and long-
term 1PN \bc;%p“ on hepatocarcinogenesis by com-
1 up D (splenectomy + IFM

£

nonths) with those of group A.

O‘<

5 (muliivariate
cant
We also assessed compared patients of groups C and
B (splenectomy alone). Administration of IFN for
> 12 months reduced the hazard ratio to 0.03 (multi-

analysis with adjustments for signifi-
covariates), though it was significant (P=0.83).

variate analysis after adjustments for significant
covariates), but was not significant (P— 0.83). These
resulis suggest that the combination of splenectomy

Cio
ed  the iikelihood of

Effect of splenectomy and IFN combination
therapy on survival

During the observation period, one of the 16 patients o
group D {Case 3) died (Fig. 1). The survival rates for
groups A, B, C and D were 84.2, 90.9, 87.5 and 100% at
the end of the third year, 72.0, 90.9, 87.5 and 100% at
the fifth year, 41.4, 36.4, 83.3 and 83.3% at the tenth
year, respectively (Fig. 3). The survival rate for patients
of group D was the highesi compared with the other
groups (log-rank test, P = 0.002). We also compared the
effeci of combination therapy on the survival rate of

f

® 2609 The Japan Society of Hepatology

significani difference in the HCC
15 appearance rate among the four groups
(log-rank test, P= 0.42).

patients of group A and group D. The suivival rate of
group D was significantly higher than of group A (log-
rank tesi, P=0.004). We also compared the effect of
combination therapy on the survival rate of patients of
group C and group D. The survival rate of group D was
not significantly different compared with group C {log-
rank tesi, P= O 29). The combination therapy signifi-
; d the hazard ratio of survival to 9.69
(P=0. 028 umluvanlane analysis with adjustments for
significant covariates, Table 2). These results suggest that
the splenectomy simply increased the ability for patients
o undergo IFN and may not directly improve patient

¢ HRONIC HEPATITIS C virus (HCV} will continue
“.Jto cause significant morbidity and mortality
ihrough o at least 2015.'° HCV infeciion remains a
common cause of chronic liver disease and is an increas-
ing indication for liver transplaniation. Thrombocy-
topenia (platelet counis <150 x 10*/uL} is a common
complication in patients with chronic liver disease
(CLD), and is reported in as many as 76% of cirrhotic
patients.''The ability to increase platelet levels could
significantly reduce the need for platelet transfusions
and facilitate the use of IFN-based antiviral therapy
and other medically indicated treatments in patients
with liver disease. Current treatment opiions for severe
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T
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2 40 Ezzzdmmmngggupg
= %eanoasscoooas
@ Group A
. Swrvival vates for patents of 20 =
T ZIoUp A.,
ank iest, P=0.002).
The survival raie of paiients of group D 0 s
. & I e
was significantly higher than that of iy 2 10 18
7, =
group A (log-rank test, P=0.004). Year
thrombocytopenia include platelet transfusion, splenic relative to prior the procedure. Furthermore, liver func-
artery embolization and spleneciomy. We studied the tion test resulis also impioved in most patients with
ug :ﬁ_i.h_:ass of the combination therapy of spleneciomy splenectomy.
and long-term IFM in paiients with advanced HCV- With regard to the valne of [P therapy after splenec-
related cirrhosis and thrombocytopenia. tomy, Hayashi efal.’ reporied that splenectomy in
With regard to the usefulness of splenectomy, some patients with HCVY citrhosis can be done safely to allow
-

studies reporied that splenectomy improved PLT counts
in cirrhotic patients with thrombocytopenia.>® Further-
more, Shimada etal'? reported that splenectomy

resulted in significant falls in ammonia levels and rises
in serum albumin. Thus, there is evidence that splenec-
tomy is beneficial and results in recovery of liver func-
of blood Quiﬂly 0 ahe liver

tion by improving 7.5 In the
,  En

Table 2
patienis of advanced hepatitis C virus-related cirrhosis with
low platelet count (time-dependent proportional hazard

Significance of combined therapy of suivival rate in

Factors Category Hazard ratio P
(95% CI)

Combined therapy 1: no 1
(splenectomy + 1P} 2: yes

1PN, interferon therapy.

application of antiviral treatment and potentially avoid

transplantation.® In this study, only three of 16 (18.8%)
patients discontinued IFN therapy after splenectomy.
Armong the three patients, IFN therapy was discontinued
because of ﬂlm‘nbocy’copenia in only one (6.3%)
patient.

On the other hand, 13 (81.3%) of the 16
bination mfaapy were abh; is] romplm e

I ith a(i‘e/ailﬁ_e... hL
related cirthosis thromboqrtopema, Furthermore,
the present results indicate that splenectom"y is an effec-
tive method in patients with chronic HCV infeciion and
hypersplenisin to increase peripheral leukocyie and
platelet counts so that subsequent IFN therapy can be
better tolerated. In this study, regarding the reduction of
IFM dosages during treatment when comparing group C
and D, group D did not have any cases who a reduciion
in IFMN dosages was necessitated by thrombocytopenia
(P=0.03). Hayashi et al® reported that five of their
seven patienis underwent splenectomy and then
completed a full course of pegylated TFN and ribavirin
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treatrent or stopped therapy due to NR, and that none
of their patients required dose reductions or ireatment
discontinuation due to ’fha“ombocyf(openia In the
present study, the viral response to IFN therapy was SVR
in four (36.4%) patients, BR in one (9.1%) and MR in
six (54.5%). SVR was not significantly different between
group C and D (P = 0.43). This result might be a reason
that group D had more patients with HCY genoiype 1
and higher HCV-RNA than group C. All patients with
SVR of group D had genotype 2, suggesting that SVR
seemns to be achievable by combination ther "’*y in
patients with HCV-related cirthosis with genotype 2 and
thrombocyiopenia.

We also analyzed the effect 0
therapy on hepatocarcinoge
dﬁvapryﬂ HCV-related cirr

D

the combination

rate was significant yhl et hepateciomy and uiﬂe-
nectomy than afier hepa[edomy alone (37 vs. 27.3%,
respectively, P=0.003). In contrast, Yao ¢t al.”® reported
that splenectomy in eaily stage of tumor inoculation
stimulated tumor growth and metastasis in their rat
model of HCC." In this study, the HCC appearance raie
in patients who underwent splenec‘tomy alone {group
B) was not significantly different from that of the
conirol (log-rank test, P=0.52}. 1 dd ion, the HC

appearance rate in patienis who eceived the ¢ omb:m-
tion therapy was also not significanily di ferent from the
conirol (log-rank test, P = 0.50). We previously reported
that long-term IFN therapy for 17 Ti ’d,a or longer
reduced the rate of hepatocarcinogenesis in patients
with liver cirrhosis caused by HCV.? Multivariate analy-
sis of long-term follow-up showed that the combination
therapy, including IFIN administration for = 12 months,
decreased the hazard ratio of hepatocarcinogenesis to
0.03, though this was not si glmcam (P=0. 83) The
reason for the lack of ficance mﬂu be the gmall

c and bloche__-ica3
lQSpODdQLS That the combination Lhelap"/ decreased the

hazard ratio of hepatocaicinogenesis to 0.03 suggests
the ability of long-term IFN to inhibit HCC, especially
arnong non-responders.

We also examined the effecis of the combination
therapy on survival. In this study, multivariate analysis
using time-dependent variables showed significant
improvernent of survival in patients who received the
combination therapy (group D) compared with the
control group (group A) (hazaid ratio 3.40, P=0.017;
95% CI 1.24-9.35). This may be considered the crucial

® 2009 The Japan Society of Hepatology
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finding of this study. In splenectomy, Morimasa et al.”/
reported no difference in survival rate between splenec-
tomy and endoscopic injection sclerotherapy (EIS) for
esophageal varices. Similarly, the survival rate in the
splenectomy group in this siudy (group B) was not sig-
nificantly different from the control (P = 0.88). Further-
more, the survival rate of group D was not signific ’d‘y‘
different compared with group C (log-rank test,
P=0.29). These resulis suggest that the splenectomy
increased the ability for patients to undergo IFN and
that the combination therapy of splenectomy and lo
term 1B significantly improved suivival rate

with advanced HCV-related cirrhosis and *L_Tfombocy~
iopenia. The likely mechanism of action of i

nation therapy is first improve copenia
and thrombocytopenia following which
allowed adininistvation of IFH, av nd then TR produced

remission of liver fibrosis, control of necroinflammatory
process, and induced suppression of the HCC growth
process, consequently leading to improvement of
survival rate. Moreno and Muriel'® reported that IFN
resulted in remission of liver fibrosis, and that control of
the necroinflammatory process can therefore induce
suvpression of the HCC growth process. Our resulis aiso
nggested that patients with NR may need to continu
l-e co 1lb11’laUOﬂ dnewa*“ wuh IOa g iermn B thex

pro msmg dnjg)s imd can E,ve powzmaﬂ‘j L.o ed in combi-

bLLaLEd 1he supenonty of pegyldmd M*H plu ribavirin
compared to pegylated IFN alone or non-pegylaied
combination therapy."* In addition, several promising
novel agents that stimulate TPO and increase PLT count,
such as the oral platelet growth facior elirombopag, are
currently in development for the prevention and/or
bova'ﬁ Y y be

treatment of Lhrombocyiopeula u E o

a substitute for 33101@00111)/ or
the
l”i“y oF v’hu DDG

rapy of pegylat

recdluce the rate of hepatocarcinogenesis.

Our study had certain limitations. In particular, in this
study, four (25%) of the patienis who underwent com-
bination therapy had a history of splenectomy. A ran-
domized conirol study with a larger number of cases
should be conducted to confirm the effectiveness of this
therapy.

in conclusion, the combination therapy of splenec-
tomy and long-term IFN decreased the rate of hepato-
carcinogenesis and significantly improved the survival
rate in patients with advanced HCV-related cirrhosis and
low PLT count.
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Introduction

Absitract

Background and Aims: Long-term lamivudine therapy is required for patients with
chronic hepatitis B, because hepatitis reappears frequently after it has withdrawn. However,
hepatitis B virus (HBV) mutants resistant to lamivudine emerge frequently accompanied by
breakthrough hepatitis.

Methods: Effects of entecavir were evaluated in 19 patients who had developed break-
through hepatitis during lamivadine therapy for longer than 5 years. This study is a
subgroup analysis of a previously reported stady. Entecavir, in either 0.5 or 1.0 mg/day
doses, was given to 10 and nine patients for 52 weeks, respectively, and then all received
1.0 mg/day entecavir for an additional 68-92 weeks.

Resulis: There were no differences in biochemical and virological responses in the two
groups of patients with respect to the two different initial doses of entecavir. Serum levels
of alanine aminotransferase were normalized in 17 (90%) patients, and hepatitis B e antigen
(HBeAg) disappeared from the serum in two (14%) of the 14 patients who were HBeAg-
positive before. Furthermore, a decrease in histological activity index score greater than 2
points was achieved in nine of the 11 (82%) patients in whom annual liver biopsies were
performed during 3 years while they received entecavir. HBV mutants resistant to entecavir
emerged in five of the 19 (26%) patients, and hepatitis flare occurred in two of them (40%).
Conclusion: Entecavir in the long term would be useful for histological improvement of
breakthrough hepatitis induced by lamivudine-resistant HBV mutants in patients with
chronic hepatitis B. However, the relatively high rate of entecavir resistance is a concern,
and other strategies need to be considered when available.

Subsequently, adefovir dipivoxil has been approved for treat-
ment of chronic hepatitis B,3® and more recently entecavir.'®*

Worldwide, an estimated 400 million people are infected with
hepatitis B virus (HBV) persistently, and some of them develop
fatal lver disease, such as decompensated cirrhosis and hepato-
cellular carcinoma.! In 1995, lamivudine was introduced to the
treatment of chronic hepatitis B for which interferon (IFN) had
previously been the only option.>® Although lamivudine is effi-
cient for treatment of chronic hepatitis B, drug-resistant HBV
variants with mutations in the tyrosine—methionine-aspartate—
aspartate (YMDD) motif occur increasingly more frequently
with treatment duration, to higher than 60% within 5 years.*”
Furthermore, these YMDD mutants are often accompanied by
breakthrough hepatitis, and it is difficult to obtain disease control
with lamivudine.

Journal of Gastroenterology and Hepatology 24 {2009) 429-435 © 2009 The Authors

Entecavir is superior to lamivudine as the first-line treatment, and
both adefovir add-on lamivudine and entecavir as switch therapy
have also been employed for treatment of breakthrough. '

The present study represent a subgroup analysis of our previ-
ously reported multicenter randomized controlled trial.”? From a
single center, biological and virological responses to entecavir
were examined among 19 patients who had developed hepatitis
breakthrough during long-term lamivudine therapy, with particular
focus on histological responses to entecavir over 3 years and the
rate of development of entecavir resistance. Because patients had
been randomized to both the low (0.5 mg) and higher (1.0 mg)
doses of entecavir, we were also able to compare results between
these two different doses.
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Methods

Patients

During 10 years from November 1995 to December 2004, 704
patients with chronic hepatitis B received 100 mg lamivudine/day
and were followed for more than 5 years in the Department of
Hepatology of Toranomon Hospital in metropolitan Tokyo.
Lamivudine-resistant YMDD mutants developed in 274 (39%) of
the patients, accompanied by breakthrough hepatitis in 176 (64%
of those with mutants). Medication was changed so they received
the other antivirals. The present study is a subgroup analysis of our
previously reported multicenter randomized controlled trial.’?
After entecavir became available, 19 of them were switched to it
and the treatment was continued for up to 3 years. None of them
were infected with hepatitis C virus (HCV) or HIV type 1, or had
autoimmune hepatitis. They were followed for liver function tests
and serum markers of HBV infection monthly. At the start of
entecavir therapy, chronic hepatitis was diagnosed in them all by
liver biopsies performed under laparoscopy and/or ultrasonic
imaging; cirrhosis was detected in no patients. Liver biopsies were
performed annually for 3 years on 12 of the 19 (63%) patients, for
evaluating the efficacy of long-term entecavir in improving histol-
ogy of the liver. The study design conformed to the 1975 Decla-
ration of Helsinki, and was approved by the ethics committee of
the institution. All patients gave their informed consent to partici-
pate in this study. :

Markers of HBV infection

Hepatitis B surface antigen (HBsAg) and the corresponding anti-
body (anti-HBs) were determined by hemagglutination (MyCell;
Institute of Immunology, Tokyo, Japan), and hepatitis e antigen
(HBeAg) by enzyme-linked immunosorbent assay (ELISA)
(F-HBe; Sysmex, Kobe, Japan). HBV-DNA was determined by
reverse transcription polymerase chain reaction (RT-PCR) with
commercial kits (Amplicor, Tokyo, Japan; Roche, Tokyo, Japan),
and the result was expressed in log genome equivalents (LGE)/ mm
with the cut-off value of 2.6 LGE/mL over a dynamic range of
2.6-7.6 LGE/mL. The six major genotypes (A-F) were deter-
mined serologically by ELISA (HBV Fenotype EIA; Institute of
Immunology). The method employs the combination of epitopes
on preS2-region products that is specific for each genotype.!>!°

Analyses for viral resistance

YMDD mutants were determined by PCR followed by restriction
fragment length polymorphism after the method of Chayama
et al.* HBV mutants resistant to entecavir were examined at the
baseline and sequentially while patients received entecavir. HBV-
DNA was extracted from the serum and amplified by PCR, and
nucleotides corresponding to amino acids 1-344 of the reverse
transcriptase were sequenced directly by the dideoxy-chain
method of Sanger et al.V?

Treatment with entecavir
The 19 patients were randomized to receive two different regimens

of entecavir in a double-blind study. Thus, 0.5 and 1.0 mg ente-
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cavir was given daily to 10 and nine patients, respectively, for the
first 52 weeks. Thereafter, patients in both groups received 1.0 mg/
day entecavir, and the treatment was continued for an additional
68-92 weeks (120-144 weeks in total).

Response to entecavir

Biochemical response was defined by the normalization of serum
alanine aminotransferase (ALT;, < 50 IU/L in our laboratory), viro-
logical response by the disappearance of HBV-DNA from serum
detectable by Amplicor (sensitivity, < 2.6 LGE/mL), and histo-
logical response by a decrease in histology activity index (HAI)
score of 2 points or more. Necroinflammatory activity and fibrosis
were evaluated by the METAVIR score as well.

Statistical analysis

Frequencies were compared between groups by the Mann—
Whitney U-test and Fisher’s exact test, and medians by the Wil-
coxon signed rank test. Normalization in ALT levels and loss of
HBV-DNA from the serum, as well as the development of
entecavir-resistant HBV mutants, were compared by the method of
Kaplan—Meier, and differences were evaluated by the log—rank test
with use of the production limit method. P < 0.05 was considered
significant. Analysis of data was performed with SPSS software
(SPSS, Chicago, IL, USA).

Results

Comparison of baseline characteristics
between patients given 0.5 and 1.0 mg
entecavir daily for 52 weeks and then 1.0 mg
for an additional 68-92 weeks

Table 1 compares demographic, biochemical, hematological and
virological characteristics between 10 and nine patients with
chronic hepatitis B who were randomized to receive 0.5 and
1.0 mg entecavir, respectively, daily for the initial 52 weeks.
Thereafter, they all received 1.0 mg entecavir daily for an addi-
tional 68-92 weeks (120-144 weeks in total). There were no dif-
ferences in age, sex, pretreatment ALT levels, platelet counts,
frequency of HBeAg, distribution of HBV genotypes, HBV-DNA
levels and types of YMDD mutants between the two groups of
patients.

Normalization of ALT and loss of HBV-DNA
from the serum in patients who received
long-term entecavir treatment

Figure 1 a depicts ALT levels in 10 and nine patients who received
0.5 and 1.0 mg entecavir daily, respectively, during the initial
52 weeks; thereafter, they all received 1.0 mg entecavir daily for
an additional 68-92 weeks (120-144 weeks in total). In both
groups, ALT levels increased slightly during 2-4 weeks after the
start of entecavir therapy, and then decreased sharply. ALT levels
were lowered within the upper limit of normal (= 50 IU/L) 12 and
8 weeks after the start of 0.5 and 1.0 mg entecavir daily, respec-
tively. After then, ALT levels decreased and stayed within the

Journal of Gastroenterology and Hepatology 24 (2009) 429-435 © 2009 The Authors
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Table 1
entecavir during the initial 52 weeks

Long-term entecavir for chronic hepatitis B

Patients with breakthrough hepatitis induced by lamivudine-resistant hepatitis B virus (HBV) mutants who were treated with two doses of

initial daily dose of entecavir

Total 0.5 mg 1.0mg

(n=19) (n=10) (n=9)
Duration of entecavir (weeks) 120-144 120-144 124-140
Age lyears) 38 (29-65) 37 {29-65) 39 (30-49)
Men 7 (89%]) 9 {90%) 8 (89%)
ALT (IU/L) 119 (46-1708) 111 (46-1708) 275 (49-442)
Platelets {x 103%/mm? 190 {93-265) 180 (93-235) 90 {108-265)
HBeAg 4 (74%) 7 {70%) 7 {78%)
Genotypes (A :B: C) 1.0.18 1:0:9 0:0:9
HBV-DNA {LGE/mL) 7.2 (5.2-8.6) 7.2 {5.2-8.6) 6.6 {6.7-8.2)
YMDD mutants {11V I/V) 11:3:5 6:2:2 5:1:3

Median values are shown with the range in parentheses, and the ratio of HBV genotypes, as well as YIDD, YVDD and both YMDD mutants, is
indicated. ALT, alanine aminotransferase; HBeAg, hepatitis e antigen; LGE, log geometric equivalents.
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Weeks after the Start of Entecavir Therapy

Figure 1 Alanine aminotransferase {ALT) levels in the 19 patients with
breakthrough hepatitis induced by lamivudine-resistant hepatitis B virus
mutants who received entecavir for 120 weeks. Of them, 10 patients
received 0.5 mg and the remaining nine 1.0 mg entecavir daily during
the initial 52 weeks [shaded), and thereafter both groups received
1.0 mg entecavir daily. The mean ALT levels {a) and the normalization of
serum ALT {= 50 U/L} (b} are illustrated.

Journal of Gastroenterology and Hepatology 24 (2009} 429-435 © 2009 The Authors

normal limit among patients in both groups. Collectively in the 19
patients, the ALT level was normalized in 47% at week 12 and in
83% at week 24. Figure 1(b) compares the normalization of ALT
levels between patients who received 0.5 and 1.0 mg entecavir
daily during the initial 52 weeks. There were no statistical differ-
ences in the normalization of ALT levels between patients given
0.5 and 1.0 mg entecavir. Of the 14 patients positive for HBeAg at
the start of entecavir, two (14%) lost HBeAg and seroconverted to
anti-HBe, while HBsAg was not cleared from the serum in any of
the 19 patients.

The loss of HBV-DNA from serum was compared between
patients given 0.5 and 1.0 mg entecavir daily during the initial
52 weeks. A sharp decrease in HBV-DNA by more than 2 logs was
achieved at 4 weeks in patients given the initial 0.5 mg entecavir
daily, and at 8 weeks in those receiving the initial 1.0 mg entecavir
daily. Twenty-four weeks after the start, HBV-DNA levels stabi-
lized and stayed approximately 1 log lower in the patients with the
initial 0.5 than 1.0 mg entecavir daily. The loss of HBV-DNA
detectable by the quantitative method varied in patients with two
different initial entecavir doses. At 24 weeks after the start of
entecavir therapy, HBV-DNA became undetectable in 20% and
11%, respectively, of the patients with the initial 0.5 and 1.0 mg
entecavir daily; the loss increased to 50% and 33% at 120 weeks,
respectively. However, there were no significant differences in the
loss of HBV-DNA between the patients receiving 0.5 and 1.0 mg
entecavir daily during the initial 25 weeks.

Improvement of liver histology in the patients
who were switched to entecavir after the
development of breakthrough hepatitis during
long-term lamivudine treatment

Of the 19 patients switched to receive entecavir, 12 (63%) under-
went serial liver biopsies at the baseline and annually for 3 years
while they were treated with entecavir. METAVIR scores for fibro-
sis stages at the start of entecavir were: F1 in six (50%) patients;
F2 in three (25%); and F3 in three (25%). Activity grades were: Al
in six (50%) patients and A2 in six (50%). After they had received
entecavir for 1 year, the fibrosis stage improved in two (17%), was
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Table 2 Improvement in histology activity scores after entecavir during 3 years in the 12 patients who had developed breakthrough hepatitis induced

by lamivudine-resistant HBV mutants

Features Before After Decrement Differences {P-value)

Periportal and/or bridging necrosis Median {range) 1{0-3) 0 (0-1) 1{0-3) 0.003
Mean = SD 1.2 +£09 0.1 =03 1.1 =08

Lobular degeneration and focal necrosis Median {range) 2 (0-3) 1{0-1) 1{0-2) 0.014
Mean = SD 2010 0.9x03 1.0x10

Portal inflammation Median {range) 1{0-3) 1{0-1) 1(0-2) 0.015
Mean = SD 1.8+ 1.0 08=04 09=x09

Fibrosis Median {range) 2 {1-3) 1(1-3) 0 (0-2) 0.059
Mean = SD 20+ 1.0 14+08 05 =x 1.1

Total HAI score Median (range) 6 (3-12) 3 {2-5} 3(1-8) 0.002
Mean = SD 7.0% 27 3209 35x24

HAI, histology activity index; SD, standard deviation.

unchanged in nine (75%), and worsened in the remaining one
(8%). The activity grade improved in nine (75%) patients and was
unchanged in the remaining three (25%j; it did not worsen in any
patient.

One of the 12 patients could not receive liver biopsy 3 years
after the start of therapy, because entecavir-resistant HBV mutants
developed. Table 2 summarizes changes in HAI scores in the 11
patients who had received long-term entecavir treatment. After
3 years on entecavir therapy, improvement in HAI scores by 2
points or greater was achieved in nine (82%) of the 11 patients.
Significant improvement was gained in the total HAI score, as well
as scores for periportal and/or bridging necrosis, lobular
degeneration/focal necrosis, and portal inflammation. Fibrosis
score did not improve significantly (P = 0.059); it increased in two
patients.

Clinical and virological courses of the representative patient are
illustrated in Figure 2 and histological findings in yearly biopsies
in Figure 3. The patient developed resistance to lamivudine and
was switched to IFN. Hepatitis.was exacerbated in him, however,
and he was started on lamivudine again. IFN was given intermit-
tently to him when ALT levels were elevated. Because he did not
respond to TFN, entecavir was given to him. At that time, he had a
HBV-DNA level of more than 7.6 LGE/mL and an HAI score of 8
in the liver biopsy. Soon after entecavir was started, HBV-DNA
levels decreased sharply along with the normalization of ALT
levels. He seroconverted from HBeAg to anti-HBe 1 year after the
start of entecavir treatment. Histological improvement, increasing
in parallel with the duration of entecavir treatment, was demon-
strated by yearly liver biopsies in comparison with the baseline
findings (Fig. 3). Necroinflammatory signs decreased remarkably
along with narrowed portal areas, although the stage of fibrosis did
not improve appreciably.

HBV mutants resistant to entecavir

Figure 4 illustrates the development of entecavir-resistant HBV
mutants that increased in parallel with the duration of treatment.
Entecavir-resistant HBV mutants developed in three of the 10
(30%) patients by 18, 84 and 120 weeks; and two of the nine
(22%) patients by 132 and 148 weeks, respectively, who received
0.5 and 1.0 mg entecavir daily during the first year; thereafter, they
all were given 1.0 mg entecavir daily for the next 68-92 weeks.
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During the initial 130 weeks (~2.5 years), therefore, entecavir-
resistant HBV mutants developed in three of the 10 (30%) patients
with the initial entecavir dose of 0.5 mg daily, in remarkable con-
trast to no emergence of such mutants in any of the nine patients
that received 1.0 mg daily.

Alanine aminotransferase levels were elevated in only two of
the five (40%) patients infected with entecavir-resistant HBV
mutants, however. These two patients were switched to receive
adefovir in combination with lamivudine, and breakthrough hepa-
titis resolved in them both. All the five patients who developed
entecavir-resistant HBV mutants had been infected with
lamivudine-resistant YMDD mutants with M204V in the presence
or absence of M204L. In outstanding contrast, entecavir-resistant
HBYV mutants did not develop in any of the 11 patients who had
been infected with YMDD mutants with M204I alone.

No adverse effects developed in any of the 19 patients. Break-
through hepatitis occurred in only one of the five (20%) patients in
whom entecavir-resistant mutants emerged.

Discussion

We have previously reported in the Journal that entecavir sup-
presses serum HBV-DNA to undetectable levels and normalizes
ALT levels in more than 30% , respectively, in lamivudine-
resistance patients with chronic hepatitis B at 52 weeks.” In the
present report, we have followed 19 patients from one of the
participating centers for 3 years so as to establish longer-term
histological efficacy and rates of viral resistance with entecavir
treatment of lamivudine-resistant chronic hepatitis B.

As in the earlier report,”” among the 19 patients described here,
ALT levels were normalized in more than 90% of them
8-12 weeks after the start of entecavir until the end of treatment.
Although the median HBV-DNA level dropped by 3 logs and
remained low during the entecavir therapy, they became undetect-
able in only 20-40% of the 19 patients. In a previous report, also,
the loss of detectable HBV-DNA from the serum was achieved in
only 27 of the 141 (19%) patients with lamivadine-resistant HBV
mutants after they had received 1.0mg entecavir daily for
52 weeks. In a remarkable contrast, entecavir is much more effi-
cient in treatment-naive patients who had received it for 1-2 years;
HBV-DNA disappeared from the serum in 67-90% of them.!%1113
These differences could be attributed to some lamivudine-resistant
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Figure 2 Clinical course of the representative patient. Fluctuating levels of alanine aminotransferase (ALT) and hepatitis B virus (HBV)-DNA are
illustrated. Antiviral treatments as well as duration of hepatitis B e antigen (HBeAg) and anti-HBe are indicated by horizontal bars. Also given are time
points when four liver biopsies were undertaken, along with histological activity index scores on the top. IFN, interferon.

HBV mutants contributing to the development of entecavir-
resistance. '8

Entecavir is a cyclopentyl guanosine analog and can inhibit the
polymerase of hepadnaviridae selectively by interfering with
priming and reverse transcription, as well as synthesis of minus-
and plus-stranded HBV-DNA species.!” In an in vitro expression
system with HepG2 cells, entecavir exhibited an antiviral activity
with ECsp of 0.00375 uM, which is 1500-fold higher than 10 uM
of lamivudine.? Dose-dependent pharmacological activity of ente-
cavir was evident in a randomized double-blind trial** Although
0.01 mg entecavir daily decreased HBV-DNA by 2.41 logs at
22 weeks, the antiviral activity was significantly lower than 4.31
and 4.72 logs, respectively, of 0.1 and 0.5 mg daily; they were both
higher than 3.36logs by 100 mg lamivudine daily, however
Accordingly, normalization of ALT was more frequent by treat-
ments with 0.1 and 0.5 mg entecavir daily (69% and 83%, respec-
tively) than with 100 mg lamivudine daily (59%).

Significant decrease in HAI scores has been reported in patients
with chronic hepatitis B who had received lamivudine for
1-3 years.”>?® Furthermore, decreases in hepatic inflammation
may improve the fibrosis stage. Entecavir therapy for 52 weeks has
achieved histological improvement in 55-72% of patients in phase

Journal of Gastroenterology and Hepatology 24 {(2009) 429-435 © 2009 The Authors

I clinical trials.!*!"** In corroboration of these results, fibrosis
stage and inflammation grade improved in the present series of
patients who had received entecavir for 3 years, with a significant
decrease in the HAI score (Table 2). Histological improvement
would have been gained by long-term entecavir therapy, and it may
further increase, should entecavir be continued further.
Long-term entecavir treatment, however, may be hampered by
the development of drug-resistant mutants. Although entecavir-
resistant HBV mutants rarely occur in treatment-naive patients,'
they can emerge rather frequently in the patients infected with
lamivudine-resistant HBV mutants."?* In the present study,
entecavir-resistant HBV mutants developed in five of the 19 (26%)
lamivudine-resistant patients during 144 weeks of treatment. The
incidence was comparable with 32% in the lamivudine-resistant
patients who had received entecavir for 3 years.? Only two (40%)
of them developed hepatitis flares and they were switched to
receive adefovir in combination with lamivudine. Entecavir-
resistant HBV mutants emerging in patients with lamivudine-
resistant mutants are reported to be replication-impaired and rarely
induce breakthrough hepatitis.” It should be found out how
entecavir-resistant HBV mutants can be managed with antiviral
nucleos(t)ide analogs other than lamivudine and entecavir, or
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(a) Before the start of entecavir

({b) One year after the start of entecavir

(c) Two years after the start of entecavir

(D) Three years after the start of entecavir

Figure 3 Histological changes in the representative patient during 3-year entecavir treatment (Fig. 2). With hematoxylin—eosin stain on the left, marked
enlargement of portal areas is evident along with infiltration of mononuclear cells before the switch from lamivudine to entecavir {a). They decreased
increasingly during the 3-year treatment with entecavir (b~d). Stage of fibrosis did not change appreciably by the staining for silver on the right.
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Figure 4 Development of entecavirresistant hepatitis B virus {(HBV)
mutants during the 3-year treatment. The 10 patients with the initial
entecavir dose of 0.5 mg daily and the nine with that of 1.0 mg daily are
compared.

combination thereof, It has been proposed that adefovir add-on
lamivadine is efficacious with negligible drug resistance over
3 years.?5?7
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Abstract

Background Chronic hepatitis C (CHC) genotype Ib
patients with high viral load are resistant to peginterferon
(PEG-IFN) and ribavirin (RBV) combination therapy,
especially older and female patients.

Methods To elucidate the factors affecting early and
sustained viral responses (EVR and SVR), 409 genotype 1b
patients CHC with high viral loads who had received
48 weeks of PEG-IFN/RBV therapy were enrolled. The
amino acid (aa) sequences of the HCV core at positions 70
and 91 and of the interferon sensitivity determining region
(ISDR) were analyzed. Host factors, viral factors, and
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treatment-related factors were subjected to multivariate
analysis.

Results  Male gender, low HCV RNA load, high platelet
count, two or more aa mutations of ISDR, and wild type of
core aa 70 were independent predictive factors for SVR. In
patients with over 80% adherences to both PEG-IFN and
RBV, male gender, mild fibrosis stage, and wild type of
core aa 70 were independent predictors for SVR.
Conclusions  Independent predictive factors for SVR
were: no aa substitution at core aa 70, two or more aa
mutations in the ISDR, low viral load, high values of
platelet count, mild liver fibrosis and male gender.
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Abbreviations

CHC Chronic hepatitis C

PEG-IFN  Peginterferon

RBVY Ribavirin

RVR Rapid viral response

cEVR Complete early viral response
LVR Late viral response

ETR End of treatment response

NR Non response

SVR Sustained viral response

ISDR Interferon sensitivity determining region
Aa Amino acid

ALT Alanine aminotransferase

PLT Platelet

HCC Hepatocellular carcinoma

Introduction

A combination of pegylated interferon (PEG-IFN) and
ribavirin (RBV) therapy for 48 weeks achieves a sustained
viral response (SVR) rate of 40-50% in chronic hepatitis C
(CHC) patients with a high viral load of genotype 1 [1-4].
The dose-reduction rate and the frequency of discontinua-
tion of this treatment are high in aged patients [5]. The
SVR rate of the therapy is lower in females than males,
especially in older patients in Japan [6].

Around 30% of HCV carriers have serum alanine ami-
notransferase (ALT) levels within the upper limit of normal
ranges [7, 8] and HCV carriers with persistently normal
serum ALT (PNALT) and serum platelet (PLT) counts of
over 15 x 10*mm?> show low grade hepatic fibrosis and
good prognosis [9]. Before treating HCV carriers, it is very
important to predict non-response to PEG-IFN plus RBV
therapy because of its medical cost, adverse effects, and its
impact on the long term quality of life.
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There are many factors affecting response to IFN
monotherapy and PEG-IFN/RBV therapy, including body
mass index (BMI) {10, 11}, steatosis {12, 13], insulin
resistance {14}, stage of liver fibrosis [15, 16], total cho-
lesterol (T. Chol), triglyceride (TG), adherence to both
PEG-IFN and RBV [17], race [18, 19}, age [1, 2, 20}, and
viral factors including serum quantity of HCV RNA, HCV
genotype and substitution of amino acids (aa) in the
interferon sensitivity determining region (ISDR, 2209-
2248) of the nonstructural protein 5SA (NS5A) {21] and in
the core protein [22, 23]. Barly viral response is an
important predictive factor in PEG-IFN/RBV therapy for
CHC patients with genotype | and high viral loads [24-27].

The aim of this study was to elucidate the valuable
predictive factors of SVR in Japanese patients with HCV
genotype 1b high viral loads following 48 weeks of PEG-
IFN/RBYV therapy, focusing on the relationship between aa
substitutions in the ISDR and at core aa 70 and 91 and early
viral kinetics.

Patients and methods
Selection of patients

This retrospective study was conducted at 15 clinical sites in
Japan which are part of the Study Group of Optimal Treat-
ment of Viral Hepatitis supported by the Ministry of Health,
Labor and Welfare, Japan. Eligible subjects were CHC
patients, who (1) had received liver biopsy; (2) were
genotype 1b with high viral load (=100 KIU/ml by Cobas
Amplicor Hepatitis C Virus Test, version 2.0) at the start of
PEG-IFN/RBYV therapy; (3) received weekly injections of
PEG-IFN-0-2b (PEG-INTRON; Shering-Plough, Kenil-
worth, NJ) of 1.5 pg/kg bw and oral administration of RBV
(Rebetol; Shering-Plough) for 48 weeks. The amount of
RBV was adjusted based on the subject’s body weight;
(600 mg for <60 kg bw, 800 mg for 60-80 kg bw,
1,000 mg for > 80 kg bw); (4) were examined serially for
quantitative and qualitative HCV RNA; and (5) the aa
sequences at positions 70 and 91 in the core region and of the
ISDR in the NS5A had been determined in pretreatment sera.

Hepatitis B virus (HBV) infection, human immuno-
deficiency virus (HIV) infection, autoimmune hepatitis,
primary biliary cirthosis, hemochromatosis, and Wilson’s
disease were excluded. Histopathological diagnosis was
based on the scoring $ystem of Desmet et al. [28]. The
definition of alcohol abuse included patients having a his-
tory of more than 100 kg of total ethanol intake. Complete
blood counts, liver function tests, serum lipids, serum fer-
ritin, serum fibrosis markers, fasting plasma glucose (FPG),
and immune reactive insulin (IRI) were examined in most
cases. Written informed consent was obtained from all
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patients before treatment, and the protocol was approved
by the ethics committees in each site.

Study design

Four hundred and nine patients who completed 48 weeks
of treatment and were followed for more than 24 weeks
after treatment were enrolled in the first study (Study
design I).

To elucidate the effect of aa substitution of HCV core
and in the ISDR on HCV dynamics, including a rapid viral
response (RVR), complete early viral response (cEVR), a
late viral response (LVR) and SVR, according to gender
and age (<60 years > 60 years), 201 of the 409 patients
maintaining over 80% adherences to both PEG-IFN and
RBYV were enrolled in the second study (Study design 2).

Nucleotide sequencing of the core and NASA gene

The nucleotide sequences encoding aa 1-191 (HCV core)
and aa 2209-2248 (ISDR) were analyzed by direct
sequencing as described by Akuta et al. [22, 27] and
Enomoto et al. [21]. In brief, RNA was extracted from the
sera and converted to ¢cDNA and two nested rounds of
polymerase chain reaction (PCR) were performed. Primers
used in the PCR were as follows; (a) Nucleotide sequences
of the core region: the first-round PCR was performed with
CC11 (sense) and e14 (antisense) primers [22, 27], and the
second-round PCR with CC9 (sense) and el4 (antisense)
primers (22, 27]. (b) Nucleotide sequences of the ISDR in
NS5A: the first-round PCR was performed with ISDR1
(sense) and ISDR2 (antisense) primers [21], and the sec-
ond-round PCR with ISDR3 (sense) and ISDR4 (antisense)
primers [21]. These sequences were compared with the
consensus sequence of genotype 1b (HCV-JI) [29]. Wild
types virus encoded arginine and leucine at aa 70 and 91,
respectively, and the aa substitutions were glutamine or
histidine at aa 70 and methionine at aa 91.

Viral kinetic study

Serum HCV RNA levels were measured by PCR (Amplicor
HCV RNA kit, version 2.0, Roche Diagnostics) using
samples taken before treatment and at 4, 12, 24, and
48 weeks after the therapy. SVR was defined as HCV RNA
negativity by qualitative analysis by PCR at 24 weeks after
the treatment. RVR was defined as HCV RNA negativity at
4 weeks, cEVR as HCV RNA negativity at 12 weeks, LVR
as HCV RNA negativity during 13-24 weeks and an end of
treatment response (ETR) as HCV RNA negativity at the
end of treatment. Patients who remained positive for HCV
RNA at the end of the treatment and at 24 weeks after the
therapy were defined as non-responders (NR).
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Adherences to PEG-IFN and RBV

Adherences to PEG-IFN and RBV were assessed by sep-
arately calculating the actual doses of PEG-IFN and RBV
received as percentages of the intended dosages. Adher-
ences to PEG-IFN and RBV were divided into two groups;
80%< and <80%.

Statistical analysis

All data analyses were conducted using the SAS version
§.1.3 statistical analysis packages (SAS Institute, Cary,
NC, USA). Individual characteristics between groups were
evaluated by Mann—Whitney U test for numerical variables
or Fisher’s exact test for categorical variables. Variables
exhibiting values of p < 0.1 in the univariate analysis were
subjected to stepwise multivariate logistic regression
analysis. The grade of steatosis and iron deposition in
liver tissue, BMI, albumin (Alb), low density lipoprotein-
cholesterol (LDL-C), homeostasis model assesment-insulin
resistance (HOMA-IR), ferritin, and hyaluronic acid were
excluded from multivariate logistic regression analysis
because of the absence of those data in more than 10% of
the patients. All p values of p < 0.05 by the two-tailed test
were considered statistically significant.

Resulis
Study design 1

Baseline backgrounds, characteristics and adherences
of peginterferon and ribavirin in males and females

The treatment outcome of PEG-IEN and RBV combination
therapy depends on gender in Japanese patients, so in addi-
tion to aa substitutions in the ISDR in NS5A [21]or at HCV
core 70 and 91 [22, 27], we compared the baseline charac-
teristics according to gender (Table 1). Males were younger
and the grade of hepatic inflammation was milder in males.
The serumn levels of LDL-C, PLT count, and aa substitutions
of ISDR and at core 70 and 91 did not differ significantly
different between males and females. The frequency of no
alcohol abuse was significantly (p < 0.0001) higher in
females than males (Some of them are not described in
Table 1).

The rates of over 80% adherences to PEG-IFN and
RBV were significantly lower (p = 0.0066, p < 0.00001,
respectively) in females than males. Only in those above
60 years did the rate of over 80% adherence to PEG-IFN
not differ significantly between males and females, but the
rate of over 80% adherence to RBV was significantly lower
(» = 0.035) in females than males (Table 1).
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