PO Box 2345, Beijing 100023, China
www.wjgnet.com
wjg@wjgnet.com

World ] Gastroenterol 2006 December 7; 12(45): 7271-7277
World Journal of Gastroenterology ISSN 1007-9327
© 2006 The WJG Press. All rights reserved.

VIRAL HEPATITIS
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Abstract

AIM: To evaluate the impact of hepatitis C virus (HCV)
infection with genotype 1 or 3 and the presence or
absence of liver cirrhosis (LC) in the early viral kinetics
response to treatment.

METHODS: Naive patients (7 = 46) treated with
interferon-o. (IFN-a) and ribavirin and followed up with
frequent early HCV-RNA determinations were analysed.
Patients were infected with genotype 1 (7 = 28, 7 with
LC) or 3 (7 = 18, 5 with LC).

RESULTS: The first phase decline was larger in geno-
type 3 patients than in genotype 1 patients (1.72 vs 0.95
log IU/mL, P < 0.001). The second phase slope decline
was also larger in genotype 3 patients than in genotype
1 patients (0.87 vs 0.15 log/wk, P < 0.001). Differences
were found in both cirrhotic and non-cirrhotic patients.
Genotype 1 cirrhotic patients had a slower 2™ phase
slope than non-cirrhotic patients (0.06 vs 0.18 log/wk, P
< 0.02). None of genotype 1 cirrhotic patients had a 1*
phase decline larger than 1 log (non-cirrhotic patients:
55%, P < 0.02). A similar trend toward a slower 2™
phase slope was observed in genotype 3 cirrhotic pa-
tients but the 1% phase slope decline was not different.
Sustained viral response was higher in genotype 3 pa-
tients than in genotype 1 patients (72% vs 14%, P <
0.001) and in genotype 1 non-cirrhotic patients than in
genotype 1 cirrhotic patients (19% vs 0%). A second

phase decline slower than 0.3 log/wk was predictive of
non-response in all groups.

CONCLUSION: Genotype 3 has faster early viral decline
than genotype 1. Cirrhosis correlates with a slower 2™
phase decline and possibly with a lower 1% phase slope
decline in genotype 1 patients.
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INTRODUCTION

Chronic hepatitis C virus (HCV) infection is a major health
problem with about 170 million infected subjects world-
wide!, Tt is the most common cause of liver cirrhosis (I.C),
hepatocellular carcinoma, end-stage liver failure, and liver
transplantation around the world. Achieving a sustained
viral response (SVR), which is defined as undetectable
HCV-RNA in serum 24 wk after the end of treatment, is
the most effective way to prevent disease progression. In-
terferon-alpha (IFN-qy) plus ribavirin (RBV) therapy (com-
bined therapy) achieves an overall response rate ranging
from 42% to 82% in naive patientsm. Treatment outcome
1s highly influenced by dosage and IFN-q presentation, use
of RBV, and HCV genotype. For HCV genotype 1-infect-
ed patients, optimal SVR rates are achieved with pegylated
IFN-¢ plus RBV for 48 wk (a SVR rate of 40%-55%)"
For patients infected with HCV genotypes 2 and 3, a high
SVR rate (65%-80%) is observed with standard IFN-a
and RBV treatment for 24 wk'. Various baseline factors,
including histological status and the presence of cirrhosis
also affect the outcome of treatment”.

Hepatitis C viral kinetics has provided an explanation
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for the differential response among the different geno-
types and allows to evaluate the response rates early during
therapy with conventional or pegylated interferons. The
effects of treatment on the replication of HCV genotype
1 and the clearance of free virions and infected cells have
been investigated in previous studies of viral kinetics”.
Blocking virion production from infected cells with daily
IFN-o treatment results in a biphasic viral decline pat-
tern'™ which can predict the treatment outcome*'", Stud-
ies of viral kinetics in patients infected with HCV geno-
type 2 showed that IFN-q treatment is more effective in
blocking viral production, and results in faster clearance of
virions and infected cells">". Genotype 4 viral dynamics
parameters appear similar to HCV-1 and ate slower than
those of HCV-2 and HCV-3 infected patients, who should
be grouped with those with HCV-1 infection when thera-
peutic schemes are considered in relation to genotype''”.
Other baseline parameters, such as viral load before treat-
ment, race, gender, and age, have been studied for their
effect on HCV viral kinetics"".

However, viral kinetics and the effect of cirrhotic sta-
tus on viral kinetics in patients infected with HCV geno-
type 3 have not been extensively studied yet. In a previous
report analysing the viral kinetics response to standard or
pegylated interferon o2a, HCV-3 patients were grouped as
“HCV non-1” with HCV-2, -4 and -5 patients and com-
pared to HCV-1 infected patients'”. Genotype 3 deserves
special attention as it is particularly common in some re-
gions of the wotld, such as South and South East Asia",
Australia"® and Brazil", as well as in intravenous drug us-
ers in Europem.

In this study, considering the frequency of HCV-3
infection in our country, we compared the viral kinetics
of eatly response to treatment by taking frequent samples
from naive patients infected with HCV genotypes 1 and
3. Furthermore, we assessed the effects of LC in the eatly
viral kinetics.

MATERIALS AND METHODS

Patients

Forty-six naive chronic hepatitis C patients from the Hepa-
tology Branch, Department of Gastroenterology, Univer-
sity of Sao Paulo School of Medicine, Sio Paulo, Brazil
were enrolled. Inclusion criteria were patients infected with
HCV genotype 1 or 3 who did not undergo previous treat-
ment, with an age of 18 to 70 years, those with their virae-
mia detectable by reverse transcriptase-polymerase chain
reaction (RT-PCR) and their alanine aminotransferase
(ALT) serum levels being 1.5 times the upper normal limit,
and those having no other significant pathological find-
ings. Histological activity grade and fibrosis stage were
evaluated according to the METAVIR scoring system. Tn
particular, cirrhosis was considered when stage F4 was de-
tected. Normal hepatic function and a liver biopsy within
six months before treatment demonstrating necroinflam-
matory stage A2 or A3 were required. Standard inclusion
and exclusion critetia for chronic hepatitis C treatment
with IFN and ribavirin were applied. Written informed
consent was obtained from all patients. The study protocol

www.wjgnet.com

conforms to the ethical guidelines of the 1975 Declaration
of Helsinki as reflected in a priori approval by the Ethical
Committee of the University of Sao Paulo School of
Medicine and the Instituto Adolfo Lutz.

Therapy groups

Patients were randomised into different IFN-q, treatment
schedule groups (Table 1). All patients received conven-
tional IFN-q (Roferon®, F. Hoffmann-I.a Roche Ltd., Ba-
sel, Switzerland) to allow a better comparison among the
kinetic parameters, but the treatment was continued for
48 wk to allow a better response in all the studied groups.
All patients received a first dose of 9 Mega units (MU) of
IFN-a.. Group “3 TIW” (11 patients) received additional 3
MU doses of IFN-q, three times a week until wk 48, while
group “3 Q2D” (10 patients) received the same dose every
other day. Group “3 QD” (13 patients) received 3 MU
daily after the first dose until d 4, followed by 3 MU every
other day until wk 48. Finally, group “9 QD” (12 patients)
received 9 MU daily after the first dose until d 14, followed
by 3 MU every other day until the end of treatment (48
wk). All groups received two doses of 500 mg ribavirin
daily for 48 wk.

Sampling

Serum samples were collected just before IFN-q, injections
(with a tolerance of 15 min) in the first 2 wk and then
every other day until d 28. Samples were processed within
2 h after collection and stored at -80°C.

Viral load quantitation

HCV viral loads were determined using a commercially
available quantitative assay (COBAS AMPLICOR MONI-
TOR™ 2.0, lower limit of detection 600 TU/mlL., upper
limit of linear quantitation 850000 IU/mL, Roche Mo-
lecular Systems, CA, USA). Samples below the limit of de-
tection were subjected to a qualitative PCR assay (AMPLI-
COR™, limit of detection 50 IU/mL, Roche Molecular
Systems, CA, USA) while samples above the upper limit of
detection were retested at 10 or 100 fold dilution in not-
mal serum. Viral load determinations were performed at
the same time using the same lot of the kit for all patients.
Viral load results were transformed to log10.

HCYV genotyping

Viral RNA was extracted from 100 pL. of serum using
guanidine isothiocyanate-phenol-chloroform as previously
described”™. The 5 untranslated region (5" UTR) of HCV
genome was amplified, PCR products were subjected
to cycle sequencing reactions using dideoxynucleotides
(ddN'TPs) with fluorescent markers (Kit ABI Prism"
BigDye™ terminator cycle sequencing ready reaction, Ap-
plied Biosystems, Foster City, CA, USA). Genotyping was
carried by aligning both sequenced strands (sense and anti-
sense), obtaining a consensus sequence and comparing this

19
consensus sequence to a database!"”.

Mathematical analysis
Kinetic data were analysed using a previously published
mathematical model®™, which assumes that there is a pre-
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Group d0 d1 d2 d3 d4 d5 dé6 d7 d8 d9 d10 d11 d12 d13 d14 di15 d1é

3 TIW 9 - 8 - 3 - - B - 3 - 3 - - %) - 3 3 TIW until wk 48
3Q2D 9 - 3 - 3 - 3 - 3 - 3 - 3 - 3 - 3 3 Q2D until wk 48
3QD 9 3 3 3 3 3 3 3 3 3 3 3 3 3 3 - 3
9QD 9 9 9 9 9 9 9 9 9 9 9 9 9 9 - 3

All patients received a first dose of 9 Mega units (MU) of IFN-a. Group “3 TIW” received 3 MU doses of IFN-a three times a week until wk 48; group “3 Q2D”
received 3 MU doses of IFN-o. every other day; group “3 QD” received 3 MU daily after the first dose until d 14, followed by 3 MU every other day until wk
48; group “9 QD” received 9 MU daily after the first dose until d 14, followed by 3 MU every other day until wk 48. All groups received two doses of 500 mg
ribavirin daily for 48 wk. -:Interferon was not administered that day.
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Figure 1 Mean viral decline over time in each IFN dosing schedule group for HCV genotype 1 (A) and genotype 3 (B) non-cirrhotic patients. Note that on the first day (vertical
line) all groups received 9 MU IFN and had a similar 1st phase decline. A transient rebound was then observed until d 3 in patients who switched to a lower 3 MU IFN dose.
Furthermore, patients on a dosing schedule of 3 TIW or 3 Q2D showed viral rebounds on the days they did not receive IFN (d 5-7 for the 3 TIW group and d 5-6 and 7-8
for the 3 Q2D group) in both genotype 1 and 3 patients. However, patients with genotype 3 continued a rapid 2nd phase decline albeit the dosing related transient viral
rebounds.

treatment steady state and that the primary effect of in baseline viral load (mean 5.9 log IU/mL) between the
IFN-q is to block viral production from infected cells. The genotypes.

first phase decline was defined as the log decline in viral

load in the first 24 h, which was equal for all dosing sched-  Effect of genotype and interferon treatment schedule on
ule groups. The second phase slope decline was calculated  viral kinetic parameters in patients without cirrhosis

from d 4 (96 h after the first injection) to d 14 to avoid For non-cirrhotic patients, the kinetics of viral decline
effects of the transient rebound observed after switching for each HCV genotype and treatment schedule is shown
from the 9 MU dose to the 3 MU dose on d 2 and differ- in Figure 1. As seen in this figure, oscillations in the viral
ences between the study arms. load were found in patients of groups 3 TIW and 3 Q2D.

Each treatment group had particular viral kinetic patterns
Statistical analysis in accordance with the IFN-q, schedule. However, the de-
The statistical significance of differences between groups cline was faster in genotype 3 patients than in genotype 1
was assessed with the Mann-Withney non-parametric patients (Table 2, Figures 2A and 2B). In patients without
U-test for the distribution of quantitative variables and cirrhosis, the first phase decline after the first 9 MU dose
the Fishet’s exact test for the categorical variables. Multi- which was given for all groups together, was significantly
variable analysis was not performed since the small number (P < 0.001) larger in genotype 3 patients (1.65 log) than in
of patients per sub-group did not allow any statistical genotype 1 patients (1.03 log). Only 2 (15%) out of the 13
powet. P < 0.05 was considered statistically significant. patients with genotype 3 had a 1" phase decline less than

1 log, compared with 9 (43%) out of the 21 patients with
genotype 1. Also the decline of the second phase slope
RESULTS was significantly (P < 0.001) faster in genotype 3 patients
Forty-six HCV infected patients were included in this (0.99 log per week) than in genotype 1 patients (0.18 log
study. Twenty-eight of the patients were infected with per week). None of the genotype 3 patients had a slope

genotype 1 virus, 7 of them (24%) were cirrhotic. Eight- slower than 0.3 log per week compared with 16 out of the
een patients were infected with genotype 3 virus, 5 of 21 (76%) genotype 1 patients.

them (27.7%) were cirrhotic. Four different IFN dosing The effect of different treatment schedules on viral
schedules were tested (Table 1). There was no difference kinetics was also compared separately between the two
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IFN dose n 1% phase decline' 2" phase
and schedule (log IU/mL) slope’ (log/wk)

HCV 3TIW 5 0.09

genotype 1 3 Q2D 4 0.12

3 QD 7 0.15

9QD 5 0.27

Total non-cirrhotic 21 1.03 0.18
HCV 3TIW 8] 0.9

genotype 3 3Q2D 3 0.78

3 QD 2 0.96

9QD 5 1.11°

Total non-cirrhotic 13 1.65° 0.99°

'Treatment during the 1* phase decline was equal in all dosing groups and
thus was not given separately. *There was no significant difference in the
2™ phase decline slope between dosing groups per genotype. °P < 0.001 vs
genotype 1.

HCV Histology n  Baseline viral 1% phase 2" phase
genotype status load decline' slope’
(log IU/mL) (log IU/mL) (log/wk)
1 cirrhotics 7 5.9 0.69 0.06
non-cirrhotics 21 6 1.03" 0.18"
Total 28 5.9 0.95 0.15
3 cirrhotics 5 6.4° 1.89° 0.57°
non-cirrhotics 13 5.7 1.65° 0.99°
Total 18 5.9 1.72¢ 0.87¢

'Treatment during the 1% phase decline was equal in all dosing groups and
no significant difference was found in the 2™ phase decline slope between the
dosing groups (Table 2), thus the effect of histological status was studied in
all dosing groups to%ether. °P < 0.02 vs cirrhotic genotype 1 patients; ‘P < 0.03
vs all other patients; "P < 0.01, ‘P < 0.001 vs genotype 1 patients.

genotypes (Table 2, Figures 2A and 2B). As expected there
was no difference in the 1" phase decline between the
treatment groups since the treatment on the 1™ day was
the same for all patients. Also for the 2™ phase slope, no
significant difference was found in the treatment groups,
although there was a trend toward faster decline with the
daily dose schedules (3 QD and 9 QD) in genotype 1 pa-
tients. Indeed, among non-cirrhotic genotype 1 patients
receiving daily IFN-a (3 QD and 9 QD), 4 (36%) out of
11 patients had a slope faster than 0.3 log/wk as compared
with 1 out of 10 (10%) in the 3 TIW or 3 Q2D group. In
each treatment group, genotype 3 patients had a faster sec-
ond phase slope than genotype 1 patients, with a statistical
significance for the 9 QD group even with a small number
of patients (Table 2).

Lastly, a lower viral load at the end of the first phase
was strongly correlated with a faster second phase slope in

all patients (P < 0.001; = 0.06).

Effect of liver histology on viral kinetic parameters
The impact of cirrhosis status on cirrhotic and non-
cirrhotic patients was addressed by comparing parameters
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Figure 2 Distributions of the 1 phase decline (A and C) and the 2" phase slope
(B and D) and their correlation with virological end-points given per HCV genotype
and dosing schedule for non-cirrhotic patients (A and B) and each HCV genotype
and histological status (C and D). As in previous studies a 2™ phase decline slope
slower than 0.3 log IU/mL per week is predictive of non-SVR (horizontal dashed
line in B and D).

of viral kinetics for each HCV genotype. Patients of
all treatment groups were analysed together since there
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HCV Histology n No Relapse Sustained virological

genotype status response response

1 cirrhotics 7 7 (100) 0 (0) 0 (0)
non-cirrhotics 21 13 (62) 4 (19) 4 (19)

Total 28 20(72) 4 (14) 4 (14)

3 cirrhotics B 1 (20) 1 (20) 3 (60)*
non-cirrhotics 13 2 (15) 1(8) 10 (77)°

Total 18 3(17) 2 (11) 13 (72)°

°P < 0.05, °P < 0.001 vs genotype 1.

was no significant difference in viral kinetic parameters
between the interferon treatment schedules. There was
no difference in baseline viral load between cirrhotic
(5.9 log) and non-cirrhotic (6.0 log) genotype 1 patients
(Table 3). Interestingly, genotype 3 cirrhotic patients had
a significantly (P < 0.03) higher baseline viral load (6.4
log) than non-cirrhotic (5.7 log) genotype 3 patients and
genotype 1 patients (Table 3).

A lower first phase decline was observed in genotype 1
cirrhotic patients (0.69 log) than in non-cirrhotic patients
(1.03 log), but the difference was not statistically significant
(Table 3). Nevertheless, as shown in Figure 2C, none (0%)
of genotype 1 cirrhotic patients had a first-phase decline
larger than 1 log IU/mlL, compared with 55% of the non-
cirrhotic genotype 1 patients (P < 0.02). Furthermore, a
significantly (P < 0.02) slower second-phase decline was
obsetrved in genotype 1 cirrhotic patients (0.06 log TU/mL
pet week) when compared with non-cirrhotic patients (0.18
log per week) (Table 3). None of the cirrhotic genotype 1
patients had a slope faster than 0.3 log per week compated
with 5 (24%) of 21 non-cirrhotic genotype 1 patients (Fig-
ure 2D).

As shown in Table 3, no difference in first phase de-
cline was observed in genotype 3 patients as a function of
cirthosis status (1.89 »s 1.65 log IU/mL, P < 0.05). How-
ever, cirrhotic patients with the genotype 3 virus did have
a trend towards a slower second-phase decline (0.57 log
TU/mL per week) compared with non-cirrhotic patients
(0.99 log per week), and notably the only 2 genotype 3
patients with a flat second phase were cirrhotic patients
(Figure 2D).

Cirrhotic patients (Table 3) infected with genotype 1
virus had a less intense first phase (P < 0.01) and a slower
second phase slope (P < 0.01) when compared with
genotype 3 infected patients. When cirrhotic and non-
cirrhotic patients wete pooled together the differences in
the genotypes became even more significant (Table 3).

Effect of liver histology and HCV genotype on virological
end-points
Only 4 (14%) of 28 genotype 1 patients achieved a SVR.
In contrast, 13 (72%) of 18 genotype 3 patients (P < 0.001)
achieved a SVR (Table 4 and Figure 2). The difference in
the genotypes was also seen between cirrhotic and non-
cirrhotic patients.

The 4 (19%) of 21 genotype 1-infected patients who

achieved a SVR were non-cirrhotic. In contrast, none (0%)
of cirrhotic patients achieved a SVR. Interestingly, all the
patients who relapsed were also non-cirrthotic (none of
the cirrhotic patients achieved a SVR). On the other hand,
3 (60%) out of 5 cirrhotic genotype 3 patients achieved a
SVR, which was comparable with 77% of non-cirrhotic
genotype 3 patients. Only 1 genotype 3 patient was a true
non-responder. A cirrhotic patient and 2 non-cirrhotic
non-responders discontinued their treatment eatly (Table 4
and Figure 2).

Lastly, none of the patients with a second phase slope
slower than 0.3 log IU/mL per week, irrespective of
genotype, histology status or treatment group, achieved a
sustained virological response (negative predictive value =

100%, Figure 2).

DISCUSSION

Hepatitis C viral kinetics has become an important tool
both for investigating the effects of drugs on HCV viral
replication """ and for making clinical decisions about
HCV treatment with interferon plus ribavirin therapy'.
Previous studies have addressed the kinetics of HCV
[7-10,12-16,23-25]

genotypes . To our knowledge, only one study
has addressed the viral kinetics of the eatly response in pa-
tients infected with genotype 3% and in that study, HCV-3
patients were grouped together with HCV-2, -4 and -5
patients and viral kinetic data were shown for the “HCV
non-1” patients. Our results clearly showed that the 1"
and 2™ phase declines were faster in genotype 3 patients
than in genotype 1 patients, which were independent of
the treatment schedule used or the cirrhosis status when
compared to HCV-1. The data relavant to geographic ar-
eas were genotypes 1 and 3 which are the most frequent
in Brazil, Australia, South and South East Asia, es. To our
knowledge, this is the first study to evaluate the effect of
LC on viral kinetic parameters.

As conventional IFN-q is still used in many regions
of the world particularly in developing countries due to its
lower cost, we consider that these data are always valuable
for understanding the viral response to conventional
IFN-q as the response to treatment of genotype 3 patients
is similar to the response to pegylated IFN-a. To ensure
a better comparison to genotype l-infected patients, they
were also treated with standard IFN-q, but a 48 wk coutse
was chosen to ensure a better response among all the
studied patients in our study.

These results agree with clinical trials of IFN-q (stand-
ard or pegylated) and ribavirin treated patients, demon-
strating that SVR rates are significantly higher in genotype
3 HCV-infected patients than in genotype 1-infected
patients™*>'?. These results are also consistent with the
differences found in viral kinetics between genotype 1 and
2 patients>" as it is known that genotypes 2 and 3 have
a similar response rate. We found that the effectiveness in
blocking viral production was higher in genotype 3 and the
rate of loss of infected cells was faster. Unfortunately, the
frequency of sampling in the first 2 d in our study was not
enough to study the clearance of free viruses. A detailed
comparison between viral kinetics of genotypes 2 and 3 is
still of interest.
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We observed in this study an intriguing higher baseline
viral load in genotype 3 cirrhotic patients than in genotype
3 non-cirrhotic patients or in genotype 1 patients in gen-
eral. This result was not demonstrated in genotype 1 cit-
rhotic patients and non-cirrhotic patients, or in genotype
1 or 3 non-cirrhotic patients. The difference observed in
genotype 3 cirrhotic patients may be related to the higher
steatosis found in these patients™.

One of the most important results of this study is the
observed effect of liver histology on viral kinetics. We
have clearly demonstrated that L.C adversely impacts eatly
viral kinetics, especially the slope of the second phase viral
decline. This is the first viral kinetics study demonstrat-
ing a significant difference in the second phase, which is
related to the rate of loss of infected cells and is predictive
of SVR as a function of the histological status of the liver.
The slower decline in cirrhotic patients, which is statisti-
cally significant in genotype 1 and genotype 3, can explain
the sub-optimal results obtained with interferon and riba-
virin in this difficult-to-treat subgroup, even with pegylated
interferons”. The mechanism behind this effect may be
due to a lower immune infiltration to all parts of the liver
and/or a lower potency of the immune response to clear
infected cells in the cirrhotic environment. Further experi-
mental studies are needed to clarify the mechanism.

On the other hand, our observation that the first phase
decline was limited in genotype 1 patients with cirrhosis,
but not in genotype 3 patients, was unexpected. The mech-
anism behind this observation is not understood. Since
resistance to IFN-q¢, can be viral or cellular, a possible
hypothesis is that hepatocytes in a cirrhotic liver of HCV
genotype 1 patients are more resistant to IFN-q,, which is
different from cirrhosis due to genotype 3 that is strongly
related to steatosis™ ™, Steatosis among genotype 3-infect-
ed patients does not appeat to be related to the presence
of HCV antigens within single hepatocytes but to indirect
mechanisms, possibly mediated by cytokine”. Two HCV
proteins, core and NS5A seem to be sufficient to induce
lipid accumulation in hepatocytes™, especially in geno-
type 3%, Steatosis is associated with the development of
fibrosis””, which is related to genotype 3% and may accel-
erate fibrosis progression. In genotype 3 patients, steatosis
can regress when HCV replication is inhibited supporting
a cytophatic effect of genotype 3", but the mechanisms
underlying the influence of steatosis in response remain to
be determined.

In summary, infection with genotype 3 or genotype 1
virus is a more important factor in determining viral ki-
netics than cirrhosis status or IFN-q treatment schedule.
However, within genotypes 1 and 3, patients with cirrhosis
have a slower 2™ phase decline, and among genotype 1
patients the 1% phase has a trend toward a lower decline.
Thus, advanced histological status although multi-factorial,
has a significant adverse effect on viral kinetics, especially
in genotype 1 cirrhotic patients. Our results suggest that
both genotype 1 and 3 patients with cirthosis may need
more aggressive treatment than the current standard treat-
ment for each genotype. In our study, eatly prediction of
sustained viral response using a second phase slope slower
than 0.3 log per week had a negative predictive value of
100%, which is in accordance with previous studies .
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Thus early viral kinetic prediction can work for cirrhotic
patients, since the net effects of all factors are summatized
into the first and second phases of viral kinetics.
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