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Abstract

AIM: To investigate alanine aminotransferase (ALT) and
sustained virological response (SVR) in chronic hepatitis
C (CHC) during peginterferon-ribavirin treatment.

METHODS: One hundred and fifty-one genotype 1
CHC patients underwent treatment for 48 wk with
peginterferon and ribavirin, and were retrospectively
divided into two groups as having a rapid virological re-
sponse (RVR) (Group 1, 7 = 52) and not having an RVR
(Group 2, n = 99). We also subdivided each group into
two according to the initial ALT level being high (Group
1h and Group 2h) or normal (Group 1n and Group 2n).
HCV RNA and ALT levels were measured at baseline;
at 4, 12, 24 and 48 wk during the treatment period;
and at 24 wk follow-up. ALT levels were also obtained
at 8 wk. According to the results of ALT, patients were
enrolled in either the follow-up abnormal or follow-up
normalized ALT groups at each interval. Patients with
high and normal ALT levels were compared for each
interval in terms of SVR.

RESULTS: The SVR rates were 83% vs 40% (P =
0.000), 82% vs 84% (P = 0.830), and 37% vs 44%
(P = 0.466) when comparing Group 1 with 2, 1h with
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1n, and 2h with 2n, respectively. In Group 2h, the SVR
rates were 34% vs 40% (P = 0.701), 11% vs 52% (P
= 0.004), 12% vs 50% (P = 0.007), 7% vs 50% (P =
0.003), 6% vs 53% (P = 0.001), and 0% vs 64% (P =
0.000) when comparing patients with high and normal-
ized ALT levels at week 4, 8, 12, 24, 48 and 72, respec-
tively. The multiple logistic regression analysis revealed
that RVR (OR = 7.05; 95%CI: 3.1-16.05, # = 0.000),
complete early virological response (cEVR) (OR = 17.55;
95%CI: 6.32-48.76, P = 0.000), normalization of ALT at
8 wk (OR = 3.04; 95%CI: 1.31-7.06, P = 0.008), and
at 12 wk (OR = 4.21; 95%CI: 1.65-10.76, P = 0.002)
were identified as independent significant predictive fac-
tors for SVR.

CONCLUSION: Normalization of ALT at 8 wk may pre-
dict viral response during peginterferon-ribavirin treat-
ment in genotype-1 CHC patients especially without
RVR.

© 2013 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: Rapid virological response (RVR) has been
acknowledged as a powerful on-treatment predictor of
sustained virological response (SVR) in the treatment
of chronic hepatitis C (CHC). However, RVR rates are
relatively low and a new predictor is needed for CHC
patients; especially those without RVR. In this context,
on-treatment alanine aminotransferase (ALT) changes
may be a new predictor for SVR. In this study, we
found that ALT normalization at the 8 wk may be an
important on-treatment predictor for CHC.

Dogan UB, Akin MS, Yalaki S. Alanine aminotransferase nor-
malization at week 8 predicts viral response during hepatitis C
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INTRODUCTION

The sustained virological response (SVR) after com-
bined pegintetferon and ribavirin treatment in chronic
hepatitis C (CHC) patients is heterogeneous'”. Thus, for
the treatment of CHC, clinicians would like to establish
predictive factors for SVRP. Pretreatment predictive
viral factors are hepatitis C virus (HCV) genotype and
serum HCV RNA levels at baseline, and many host fac-
tors including age, sex, weight, race, liver fibrosis, insulin
resistance and recently acknowledged presence of inter-
leukin-28 polymorphism!>¥,

Once treatment is initiated, rapid virological response
(RVR) is acknowledged as a powerful on-treatment pre-
dictor of SVR". However, RVR rates are relatively low
and a new predictor is needed for CHC patients; espe-
cially those without RVR. In this context, on-treatment
alanine aminotransferase (ALT) changes may be a new
predictor for SVR. There are few data evaluating the re-
lationship between on-treatment ALT changes and SVR
during combination treatment with peginterferon and
ribavirin in patients with CHC.

The purpose of this study was to investigate the rela-
tionship between on-treatment ALT changes and SVR in
genotype 1 CHC patients during peginterferon-ribavirin
treatment.

MATERIALS AND METHODS

Patients

Medical records of patients with CHC, who wete treated
between 2008 and 2012 at the Adana Numune Train-
ing and Research Hospital, Turkey, were retrospectively
reviewed. Eligible patients had chronic HCV genotype 1
infection with compensated liver disease and a detectable
plasma HCV RNA level, and had not been previously
treated for hepatitis C. Patients who wete on treatment
or had withdrawn because of adverse events, or were lost

during follow-up were excluded from the study. Patients
were also excluded if they had co-infection with hepatitis
B or HIV, any other cause of liver disease such as alcohol
abuse or autoimmune hepatitis, morbid obesity (Body
Mass Index > 40), pootly controlled diabetes mellitus
(glycated hemoglobin value > 8.5%), severe depression
or a severe psychiatric disorder, or active substance abuse.
Finally, 151 patients who were followed up for at least 6
mo after completion of treatment were included in the
study. Most patients had undergone liver biopsy within
6 mo before screening. The liver histology was graded
by the histological activity index according to the criteria
of Tshak ¢z a/*', which comprise two major components
namely Histological Activity Index and fibrosis. The
study was approved by our Institutional Review Board
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and was conducted in accordance with provisions of
the Declaration of Helsinki and Good Clinical Practice
guidelines.

Study design

We first categorized 151 patients into two main groups.
Group 1 included 52 patients with RVR, and Group 2
included 99 patients without RVR. Each group was then
subdivided into two according to the initial ALT level:
Group 1h, patients who had initial abnormal ALT levels
with RVR; Group 1n, patients who had initial normal
ALT levels with RVR; Group 2h, patients who had initial
abnormal ALT levels without RVR; and Group 2n, pa-
tients who had initial normal ALT levels without RVR.
ALT patterns were analyzed throughout the course of
treatment and follow-up period.

Treatment with peg-interferon plus ribavirin

Patients with genotype 1 infection were administered pe-
ginterferon o-2a at a dose of 180 pg/wk or peginterferon
o-2b at the standard dose of 1.5 pg/kg per week; both
in combination with oral ribavirin at a dose of 1000-1200
mg/d, according to body weight (< 75 kg, 1000 mg/d; =
75 kg, 1200 mg/d). Patients underwent treatment for 48
wk and were followed-up for 24 wk.

Laboratory assessment

Patients were followed up by blood sample analysis and
measurement of biochemical variables. Blood samples
were tested for complete blood counts, serum ALT
levels, HCV genotype (baseline only) and serum HCV
RNA. Serum ALT levels were obtained from all patients
at baseline and at weeks 4, 8, 12, 24 and 48 of combined
peg-interferon and ribavirin treatment, and 24 wk after
completing therapy. According to the results of ALT,
patients were included in either the follow-up abnormal
or follow-up normalized ALT groups at each interval.
Patients with high and normal ALT levels were compared
at weeks 4, 8, 12, 24, and 48 of treatment; and follow-
up week 24 in terms of SVR. The upper normal limit for
serum ALT was 40 IU/L in our laboratory.

Efficacy assessments

HCV RNA levels were measured with the use of the
Cobas TaqgMan assay (Roche Diagnostics, Milan, Italy),
which has a lower limit of quantitation of 20 IU/mL.
Real-time polymerase chain reaction with Rotor Gene
Q (Qiagen, Milan, Italy) was used for genotype determi-
nation. Measurements were obtained at screening visits
(baseline); weeks 4, 12, 24 and 48 during the treatment
petiod; and 24 wk follow-up. The primary endpoint of
efficacy was SVR (undetectable serum HCV RNA levels
at 24 wk after completing treatment). RVR was defined
as undetectable serum HCV RNA level at the end of 4
wk. Patients with detectable HCV RNA at week 4 (no
RVR) who had undetectable HCV RNA at week 12
were said to have a complete early virological response
(cEVR). End of treatment response (ETR) was defined
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Table 1 Comparison of baseline characteristics and virological

responses in patients with and without rapid virological
response 71 (%)

Patients with RVR Patients without RVR P' value
(Group 1, n = 52) (Group 2, n = 99)

Age (yr) 559+12.2 57.9+11.1 0.312
Male 24 (46.2) 51 (51.5) 0.534
Initial ALT (IU/L) 87.3£109.8 522+404 0.005
Initial abnormal 33 (63.5) 49 (49.5) 0.103
ALT level
Initial HCV RNA 54+1.1 6.1+0.8 0.000
(log10 IU/ mL)
cEVR 52 (100) 58 (59) 0.000
ETR 48 (92) 56 (57) 0.000
SVR 43 (83) 40 (40) 0.000
ISHAK score, mean
+SD
Biopsy of receipt 31 (59.6) 63 (63.6) 0.631
HAI 89+38 82128 0.356
Fibrosis score 29+13 27+14 0.681

'Student’s t test. RVR: Rapid virological response; ALT: Alanine
aminotransferase; HCV: Hepatitis C virus; EVR: Early virological
response; ETR: End of treatment response; SVR: Sustained virological
response; HAI: Histological activity index.

as the undetectable serum HCV RNA level at the end
of treatment.

Statistical analysis

Data management and statistical analyses were pet-
formed with SPSS for Windows Release 18.0.0 (SPSS
Inc., Chicago, IL, United States). Results are expressed
as the mean & SD. Student’s # test or analysis of variance
was used to assess the significance of SVR rates. Univari-
ate analysis and multiple logistic regression analysis were
used to identify predictive factors for sustained response.
In the multiple logistic regression analysis, we determined
the strength of the influence of possible variables (RVR,
cEVR, normalization of ALT at 8 and 12 wk) for sus-
tained response. P < 0.05 was considered as statistically
significant.

RESULTS

Characteristics and viral responses of the study patients
according to RVR

RVR was achieved in 52 (34.4%) patients and cEVR
was achieved in 110 (72.9%) patients. The remaining 41
patients who did not achieve a cEVR at week 12 had un-
detectable HCV RINA at 24 wk. Comparison of baseline
characteristics and virological responses in patients with
and without RVR are summarized in Table 1. The initial
ALT level was higher in patients with RVR than patients
without RVR, although there was no significant differ-
ence in the number of patients with initial abnormal ALT
level between the groups. Initial HCV RNA (log10 TU/
ml) was significantly lower and the SVR rate was signifi-
cantly higher in patients with RVR compared to patients
without RVR. The overall SVR rate was 55%.
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Characteristics and viral responses according to initial
ALT levels in patients with and without RVR

Baseline characteristics and virological responses accord-
ing to the initial ALT level in patients with and without
RVR were similar (Table 2).

During treatment

Schematic diagrams showing patient group flow according
to initial ALT level and subsequent pattern of changes in
patients with and without RVR are shown in Figure 1.

Viral responses in patients with initial normal ALT levels
during treatment

Patients who had normal initial ALT levels showed neatly
sustained normal ALT levels during treatment. Only
one patient in Group 1n (Figure 1A) and two patients in
Group 2n (Figure 1B) had variable ALT abnormality dut-
ing treatment. SVR rates were 84% and 44% in Group 1n
and 2n, respectively.

Viral responses according to ALT normalization during
treatment

Comparison of SVR rates in patients with high and nor-
malized ALT levels at weeks 4, 8, 12, 24, 48 and 72 in the
initial abnormal ALT level groups with and without RVR
are summarized in Table 3 and illustrated in Figure 2. At
8 wk, normalization of ALT became significant in terms

of SVR in both groups.

Analysis of factors that predicted SVR to combination
therapy

We performed univariate analysis using the y° test to
investigate the association of SVR with various factors.
In the multiple logistic regression for the strength of
influence factors, RVR (OR = 7.05; 95%CI: 3.1-16.05,
P = 0.000), cEVR (OR = 17.55; 95%CI: 6.32-48.76, P
= 0.000), normalization of ALT at week 8 (OR = 3.04;
95%CI: 1.31-7.06, P = 0.008), and at week 12 (OR = 4.21;
95%CI: 1.65-10.76, P = 0.002) were identified as inde-
pendent significant predictive factors for SVR.

DISCUSSION

Treatment with pegylated interferon-a and ribavirin is a
well-accepted standard of care for patients with CHC™.
Although this approach appears to be highly effective for
patients with HCV genotypes 2 or 3, who have a SVR of
about 80%, the treatment algorithm is less effective for
patients with HCV genotype 1, because these patients
have SVR rates of just 40%-50%"". There are some
pretreatment factors related to SVR. Clinicians need to
know these factors for predicting SVR, to determine
non-responders as eatly as possible in order to avoid
prolonged treatment without benefit®”. The viral fac-
tors are HCV genotype and serum HCV RNA levels at
baseline and numerous host factors include age, sex, race,
weight, liver fibrosis, and insulin resistance!. Recently, an
interleukin-28 polymorphism has been acknowledged as
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Table 2 Comparison of baseline characteristics and virological responses according to the initial alanine aminotransferase level in

patients with and without rapid virological response 7 (%)

Patients with RVR (Group 1) P' value Patients without RVR (Group 2) P' value
Initial abnormal Initial normal Initial abnormal Initial normal
ALT level ALT level ALT level ALT level
(Group 1h, n = 33) (Group 1n,n = 19) (Group 2h, n = 49) (Group 2n, n = 50)

Age, yr 543 +£13.8 58.6 £ 8.3 0.222 56.6 £ 12.6 59.2+9.2 0.246
Male 18 (54.6) 6 (31.6) 0.114 26 (53.1) 25 (50.0) 0.763
Initial ALT (IU/ L) 122.4+125.3 264 +82 0.002 78.1+439 268+74 0.000
HCV RNA (log10 IU/mL) 5.6+0.9 51+14 0.139 6.2+0.9 6.1+£0.7 0.748
cEVR 33 (100) 19 (100) NA 29 (59) 29 (58) 0.906
ETR 30 (91) 18 (95) 0.626 26 (53) 30 (60) 0.491
SVR 43 (82) 40 (84) 0.83 18 (37) 22 (44) 0.466
ISHAK Score, mean + SD

Biopsy of receipt 17 (51.5) 14 (73.7) 0121 33 (67.4) 30 (60) 0.453
HAI 9.6 +3.7 8.0+39 0.257 87126 7.7+3.0 0.164
Fibrosis score 29+1.2 29+14 0.957 30+14 24+14 0.100

'Student’s  test. RVR: Rapid virological response; ALT: Alanine aminotransferase; HCV: Hepatitis C virus; EVR: Early virological response; ETR: End of
treatment response; SVR: Sustained virological response; HAI: Histological activity index.
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Figure 1 Schematic diagram showing patient group flow according to initial alanine aminotransferase level and subsequent pattern of change in pa-
tients with and without rapid virological response. A: Change in patients with rapid virological response (RVR); B: Change in patients without RVR. ALT: Alanine

aminotransferase; SVR: Sustained virological response.

a powerful pretreatment predictor of SVR™.,

Once treatment is initiated, the monitoring of viral
responses such RVR and eatly virological response (EVR)
can further aid in predicting treatment response’”. As
for the response-guided approach, RVR is regarded as
the most important predictor for SVR"™ In a recent
retrospective analysis of 1383 patients, it was shown
that achieving RVR correlated with a high probability
(86%-100%) of SVR to pegintetferon-ribavirin combina-
tion therapy, regardless of genotypem]. In another retro-
spective analysis, it was shown that the SVR rate was 42%
in the absence of RVR at week 48", Unfortunately, RVR
rates are small and range from 7.4%-37%", Also, there
is a positive correlation between the magnitude of the
decrease in HCV RNA at week 4 and the probability of
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SVR", We previously demonstrated that patients with
a = 3 logio drop in HCV RNA at week 4 have a high
probability of achieving an SVR when treated with ei-
ther peginterferon o-2a-ribavirin or peginterferon o-2b-
ribavirin"”. In addition, EVR is an important parameter
for the decision to terminate or continue treatment be-
cause patients without EVR can hardly achieve SVRM",
RVR seems to be the single important on-treatment fac-
tor for SVR. Consequently, there is a need for a new on-
treatment predictor for SVR; especially in patients with-
out RVR. In this context, on-treatment ALT changes may
be a new predictor for SVR.

In general, a decreased pattern of ALT level is the
accepted basic indicator of interferon therapeutic effect
in CHC, and several studies have shown that delayed
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Table 3 Comparison of sustained virological response in patients with high and normalized alanine aminotransferase levels at week 4,

8, 12, 24, 48 and 72 in patients with and without rapid virological response

Initial abnormal ALT level in patients P? value Initial abnormal ALT level in patients P' value
with RVR (Group 1h, n = 33) without RVR (Group 2h, n = 49)
Follow-up Follow-up Follow-up Follow-up
abnormal ALT normalized ALT abnormal ALT normalized ALT

After 4 wk

No. of patients 18 15 29 20

SVR rate 78 87 0.525 34 40 0.701
After 8 wk

No. of patients 9 24 18 31

SVR rate 56 88 0.049 11 52 0.004
After 12 wk

No. of patients 6 27 17 32

SVR rate 50 89 0.028 12 50 0.007
After 24 wk

No. of patients 5 28 15 34

SVR rate 40 89 0.001 7 50 0.003
After 48 wk

No. of patients 4 29 17 32

SVR rate 25 90 0.006 6 53 0.001
After 72 wk

No. of patients 4 29 21 28

SVR rate 25 90 0.006 0 64 0.000

'Student’s t test; Student’s z* test. RVR: Rapid virological response; ALT: Alanine aminotransferase; SVR: Sustained virological response.

normalization of ALT levels may indicate poor response
to interferon therapylg’wj, although the viral response was
not always associated with biochemical response[()’zol.

Serum ALT, a surrogate marker of hepatocyte dam-
age or death, decreases during antiviral treatment, and
shows the lowest activity at the end of treatment”". The
mechanism of decline of ALT level is not clear; however
it can be explained by a reduction in infected cells, a non-
cytolytic cure, or cell removal irrelevant of ALT dynam-
ics. However, a decreased ALT level at the eatly phase
of treatment is not related to apoptotic activitym]. Theo-
retically, the rapid declines in ALT may reflect a rapid
decrease of ongoing inflaimmation in the same manner
as removal of the virus. The pattern of viral elimination
shows a rapid decrease in the first month. Ribeiro ez al™!
showed that the RVR significantly correlated with the
decline in ALT levels at week 4 of treatment. A retro-
spective study of 111 patients with chronic HCV infec-
tion treated by conventional interferon and ribavirin also
demonstrated that the larger decline in ALT level within
the first 2 and 4 wk was a predictor of SVR™. These cor-
relations suggest that ALT dynamics can be presented as
a possibility to reflect rapid virological changes; especially
in patients with elevated baseline ALT levels.

Kim et al™" reported that, instead of RVR, the rapid
normalization of serum ALT level after initiation of
treatment may play an additional role in predicting SVR.
They retrospectively analyzed changes in ALT levels be-
tween baseline and week 4 of treatment in 168 patients
with chronic HCV infection. Rapid normalization of
ALT within 1.5 times of the normal range after treatment
was found to be significantly associated with improved
SVR in patients with genotype I HCV infection (34.1%
5 20.0%, P = 0.01) and non-genotype-1 infection (88.1%
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vs 66.7%, P = 0.11) who had initially high ALT levels.
This result suggests that rapid normalization of ALT at
week 4 of treatment could be used as a strategy for pre-
dicting SVR in patients with elevated baseline ALT lev-
els; however, its use is limited because of the paucity of
knowledge about RVR and the difficulty of application in
normal ALT levels.

A recent report suggested that mild ALT elevations
(peak ALT value 1-1.5 x baseline value) during treatment
may reflect ongoing viral activity in non-responders, but
a more significant rise may reflect a good virological
response due to an immunomodulating effect of inter-
feron™. However, it was difficult to use these data to
analyze the reason for on-treatment ALT elevation and
to elucidate the relationship between on-treatment ALT
elevation and SVR; especially at week 4 of treatment.

In our study, patients with genotype 1 CHC were di-
vided into two groups as those with or without RVR, be-
cause RVR is the most important on-treatment predictor
of SVR. The SVR rate was also found to be high in pa-
tients with RVR (83% #5 40.0%, P < 0.001) in our study.
Each group was further subdivided into two according to
the initial ALT level being high or normal. The SVR rates
were similar between patients with high and normal ALT
levels at baseline and at week 4 in patient with and with-
out RVR. SVR rates were found to be significantly higher
in patients with normalized ALT at week 8 and thereafter.

In the patient group with RVR, SVR starts at 82%
at baseline in patients with initially abnormal ALT level.
SVR declines in patients with continuing abnormal ALT
levels and increases in patients with normalized ALT
levels. However, this difference becomes significant, with
56% vs 88%, only after 8 wk treatment. Later, this differ-
ence increases but at a slower rate, reaching 25% »s 90%
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A —l— Normalized ALT, —fl— Normalized ALT, —— M Normalized ALT,
) 12,89 24, 89 Normalized ALT, 72, 90
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Abnormal ALT, 24, 7
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Figure 2 Sustained virological response rates in patients with follow-up abnormal and normalized alanine aminotransferase with and without rapid viro-
logical response. A: With rapid virological response (RVR); B: Without RVR. SVR: Sustained virological response; ALT: Alanine aminotransferase.

at week 48 (Figure 2A). However, it is difficult to com-
ment on patients with continuing abnormal ALT levels
because of the lower number of patients.

In the patient group without RVR, the decrease in
SVR is larger in patients with continuing abnormal ALT
levels. SVR starts at 37% at baseline in patients with ini-
tial abnormal ALT levels, and declines in patients with
continuing abnormal ALT levels and increases in those
with normalized ALT levels, as in patients with RVR.
The difference in SVR levels in those groups becomes
significant at 8 wk, reaching 11% »s 52%. The difference
in SVR continues to increase slightly, reaching 6% »s 53%
at week 48 (Figure 2B).

Although SVR was found to be significantly correlat-
ed with the decline of ALT level at week 4 of treatment
in a few studies™***Y, high levels of ALT may also reflect

(4 9
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a good virological response due to an immunomodulat-
ing effect of interferon™. Clinicians must also know the
baseline ALT level in order to be able to predict SVR.
Furthermore, RVR is already the most important predic-
tor at week 4 of treatment and it is still unclear whether
the use of serum ALT levels, instead of RVR, is helpful
for predicting SVR in clinical practice. The main problem
is to predict SVR in patients without RVR. In our study,
SVR was found to be higher in patients with normalized
ALT at week 4 of treatment; however, the difference was
not significant at that stage (34% »s 40.0%, P = 0.701).
SVR rates continued to increase and became significant
at 8 wk in non-RVR patients with normalized ALT. At
week 12 of treatment and later, SVR rates were found to
be higher in these patients; however, cEVR was already a
more important criterion for SVR at this stage, compared

December 14, 2013 | Volume 19 | Issue 46 |



to the ALT (OR = 17.55 »s 4.21). Therefore determina-
tion of ALT levels at 8 wk would be better than at 4 and
12 wk.

In our opinion, if a patient with initial abnormal ALT
without RVR still has abnormal ALT level at 8 wk, pegin-
terferon—ribavirin treatment may be discontinued because
SVR is expected to be only 11%.

In conclusion, normalization of ALT at the 8 wk
may predict viral response during peginterferon-ribavirin
treatment in patients with genotype 1 CHC; especially
without RVR.

COMMENTS

Background

Rapid virological response (RVR) is acknowledged as a powerful on-treatment
predictor of sustained virological response (SVR) during peginterferon-ribavirin
treatment of chronic hepatitis C (CHC). However, RVR rates are relatively low
and a new predictor is needed for CHC patients; especially those without RVR.
Research frontiers

The authors investigated the relationship between on-treatment alanine ami-
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The authors found that normalization of ALT at 8 wk may predict viral response
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Applications

If the patients with initial abnormal ALT without RVR still had abnormal ALT level
at 8 wk, peginterferon-ribavirin treatment may be discontinued because SVR is
expected to be only 11%.
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This study investigated the relationship between on-treatment ALT changes and
SVR in patients with genotype 1 CHC during peginterferon-ribavirin treatment, and
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