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Figure 3. Transcriptional regulation of MICA by SP1 through genomic region including SNP rs2596538. (A) Reporter assay using
constructs including 3 copies of 31 bp DNA fragment flanking SNP rs2596538. Reporter constructs are transfected into HLE cells with pRL-TK and
pCAGGS or pCAGGS-SP1 vector. The value of relative luciferase activity was calculated as the firefly luciferase intensity divided by the renilla luciferase
intensity. The data represent the mean * SD value of 4 independent studies. (*/<<0.05, Student's t-test) (B) MICA expression in HLE cells after
transfection with pCAGGS or pCAGGS-SP1 vector, B-actin is served as a protein loading control.

doi;10.1371/journal.pone.06061279.g003

We also evaluated the effect of ectopically expressed SP1 on the
MICA expression in HLE cells. Western-blot analysis showed that
MICA protein expression was significantly increased after the SP1
‘over-expression (Fig. 3b). These results provided a strong evidence
that the G allele has higher transcriptional potential that can be
inducible by SP1.

Association of SNP rs2596538 with HCC risk and sMICA

level in HCV-induced HCC patients

To further investigate the role of SNFE rs2596538 in human
carcinogenesis, we investigated the association of SNP rs2596538
with HCV-induced HCC in 721 HCV-HCC cases and 5,486
HCV-negative controls that had been genotyped using Ilumina
HumanHap610-Quad Genotyping BeadChip in our previous

Table 3. Association of SNP rs2596542 and SNP rs2596538
with HCV-induced HCC.

Relative
SNP ID position® Al OR Pvalue
52596542 —4815 A 1.339 246%107°
rs2596538 —2778 A 1.343 1.82x107°

Note: Genotype data of 721 HCV-HCC cases and 5,486 HCV-negative controls
were imputed using 1000 genomes as reference. A1, risk allele; OR, odds ratio
for the risk allele calculated by consideting the protective allele as a reference.
Relative position to exon 1 of the MICA gene.
doi:10.1371/journal.pone.0061279.1003
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study [6]. We performed imputation analysis by using haplotype
data from 1000 genome database [20] and found that an A allele
of SNP r$2596538 was considered to be a risk allele for HGV-

_ related HCC (Table 3, odds ratio=1.343, P= 1.82%107°). The

functional SNP rs2596538 exhibited a stronger association with
the HCC risk than the marker SNP 152596542 (2.46x10™7). We
also analyzed the relationship between the SNP 152596538 and the
sMICA level among 246 HCV-induced HCC patients and found a
significant association with the P-value of 0.00616 (Fig. 4). These
results were concordant with our functional analyses in which the
G allele exhibited a higher affinity to SP1 and revealed a higher
transcriptional activity.

Discussion

Approximately 160 million people (2.35% of the worldwide
population) are estimated to have HCV infection [27]. Since HCV
carriers have an increased risk to develop liver cithosis and
subsequent HCC [28,29], the prediction of cancer risk is especially
important for CHC patents. In our previous study, we have
identified that SNP rs2596542 located in the upstream of AICA
gene was significantly associated with the risk of HCC develop-
ment among CHC patients as well as the serum level of sMICA
[6]. In this study, we found that the genetic variant at SNP
152596538 strongly aflected the binding affinity of SP1. Over-
expression of SP1 remarkably induced MIC4 expression in cells
carrying the G allele that has a higher affinity to the SP1 binding.
These findings are concordant with higher serum sMICA level
among HCC patients with the G allele at SNP 152596538. SP1lisa
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Figure 4. Association between the sofuble MICA levels and SNP rs2596538 genotype. The samples were classified into 3 groups according
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Statistical significance was determined by Kruskal-Wallis test.
doi:10.1371/journal.pone.0061279.g004

ubiquitously expressed transcription factor which binds to the GC-
rich decanucleotide sequence (GC box) and activates the
transcription of various viral and cellular genes [30,31]. Phos-
phorylation of SP1 was shown to be induced by HCV core protein
and exhibited higher binding affinity to the promoter region of its
downstream targets [32]. From our previous study, we showed a
significant difference of sMICA expression between non-HCV
individuals and CHGC patients. This indicated that sMICA
expression was induced after HCV infection [6]. Hence, we here
propose the following hypothesis. After HCV infection, the virus
core protein enhances, the SP1 phosphorylation in hepatocytes,
and the phosphorylated SP! binds to the DNA segment
corresponding to the G allele of SNP rs2596538 and then induces
MICA expression. The membrane-bound MICA (mMICA) serves
as a ligand for NKG2D to activate the immune system and results
in the elimination of viral-infected cells by NK cells and CD8+ T
cells [8,9]. Eventuallyy, HCV-infected mdividuals with higher
MICA level may cause stronger immune response to the infected
cells and hence result in a reduced risk for HCC progression.
Moreover, the mMICA is then shed by metalloproteinases that are
often over-expressed in cancer tissues and convert mMICA to
sMICA. This resulted in a significantly increase of sMICA level in
the serum of HCV infected patients.

In contrast to HCV-induced HCC, owr group had previously
identified that higher sMICA level was associated with poor
prognosis in HBV-induced HCC patients [33]. Such an opposite
effect of MICA would be attributable to the difference in
downstream pathway between HBV and HGV. HBV virus
encodes hepatitis B virus X protein (HBx) that is pathogenic and
promotes tumor formation. It had been reported that HBx protein

PLOS ONE | www.plosone.org 7

was associated with an elevated expression of MTI-MMP, MMP2,

* and MMP3 {34,35]. HBx was also shown to transactivate MMP9

through ERKs and PI-3K-AKT/PKB pathway and suppress
TIMP1 and TIMP3 activites [36,37]. The activation of
metalloproteinases would induce the shedding of mMICA into
sMICA, which promotes the tumor formation through the
inhibitory effect of sMICA on NK cells. This can explain why
high sMICA expression is a marker of poor prognosis for HBV-
induced HCC. On the other hand, HCV infection was not
associated with metalloproteinases activation, although the
expression of sMICA was shown to be proportional to mMICA
level. Therefore individuals with high MICA expression are likely
to activate natural killer cells and CD8+ T cells to eliminate virus
nfected cells.

SP1 was previously identified as a transcriptional regulator of
both MICA and MICB [7,9,38]. A polymorphism in the MICB
promoter region was found to be associated with MICB
transcription level {7]. To our knowledge, this is the first report
showing that MICA transcription is directly influenced by
functional variant. Morcogver, this functional SNP i$ significantly
associated with HCV-induced HCC. Our findings provide an
insight that MJICA genetic variation is a promising prognostic
biomarker for CHC patients.

Supporting Information

Figure S1 Pairwise LD map between marker SNP and
11 candidates SNP. Black color boxes represent regions of high -
pairwise 7 value. The 1D was determined by direct DNA
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sequencing of MIC4 promoter région from 50 randomly selected
HCV-HCC patients.

(TIF)

Table 81 Characteristics of samples and methods used
in this stady.
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Table S2 The sequences of each oligo used in the EMSA
and ChIP assay.
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Abstract

Background Pegylated interferon (PEG-IFN) plus riba-
virin (RBV) therapy is the current standard of care for
patients with chronic hepatitis C. Determining precisely the
risk of serious adverse events (SAEs) and mortality from a
single study is rather difficult because of the infrequency of
such events. The aim of this systematic review was to
assess the rates of SAEs and the mortality of PEG-IFN/
RBYV therapy in a pooled large sample, and to assess the
relationship between SAEs and mortality rates and thera-
peutic characteristics.

Methods A literature search was conducted using MED-
LINE, EMBASE, and the Cochrane Library to identify
randomized controlled trials evaluating the efficacy and
safety of PEG-IFN/RBV therapy. We calculated the crude
- mortality and SAE rates with 95 % confidence intervals
(CIs).

Results Eighty studies with 153 treatment arms that

included 27569 patients were enrolled (14401 patients

treated with Peg-TEN alpha-2a/RBV and 13168 with Peg-
IFN alpha-2b/RBV). All-cause and treatment-related
deaths were observed in 50 (0.18 %; 95 % confidence
interval [CI] 0.13-0.24 %) and sixteen (0.058 %; 95 % CI
0.033-0.094 %) patients, respectively. The crude SAE rate
was 7.08 % (95 % CI 6.75-7.41 %). Subgroup analysis
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article (doi:10.1007/s00335-012-6631-y) contains supplementary
material, which is available to authorized users.

T. Minami - T. Kishikawa - M. Sato - R. Tateishi (X -

H. Yoshida - K. Koike

Department of Gastroenterology, Graduate School of Medicine,
The University of Tokyo, 7-3-1 Hongo, Bunkyo-ku,

Tokyo 113-8655, Japan

e-mail: tateishi-tky @umin.ac.jp

@ Sprin gér

revealed higher SAE rates in patients receiving PEG-IFN
alpha-2a than in those with PEG-IFN alpha-2b (7.45 vs.
6.74 %), and higher SAE rates with higher doses than with
the lower doses in PEG-IFN-2a and 2b (11.94 vs. 6.99 %,
7.10 vs. 5.05 %, respectively), and with extended duration
(>48 weeks) than with standard duration (48 weeks) (15.5
vs. 6.67 %) in PEG-IFN alpha-2a.

Conclusion The mortality rate during PEG-IFN/RBV
therapy was acceptably low, but the rate of SAEs was not
negligible in a treatment for a benign disease, and the rate
was affected by treatment regimens.

Keywords Peginterferon - Ribavirin - Hepatitis C -
Mortality - Adverse event - Systematic review

Abbreviations

CI Confidence interval

HCV Hepatitis C virus

HCC - Hepatocellular carcinoma
PEG-IFN Pegylated interferon

RCT Randomized controlled trial
RBV Ribavirin

SAE Serious adverse eyent

SVR Sustained virological tesponse
WHO World Health Organization
Introduction

.

Chronic hepatitis C virus (HCV) infection affects more than
170 million people worldwide and is a major cause of cir-
rhosis and hepatocellular carcinoma (HCC) [1, 2]. Currently
the standard of care for patients with chronic hepatitis C is
peginterferon (PEG-IFN) pius ribavirin (RBV) therapy,



242

T Gastroenterol (2013) 48:254-268

255

which can induce a sustained virological response (SVR) in

40-50 % of treatment-naive patients with genotype 1 and .

an SVR of approximately 80 % in treatment-naive patients

-with genotypes 2 or 3 [3—8]. After an SVR is achieved, the
risk of developing liver failure and HCC is greatly reduced
[9]. However, this treatment is associated with various types
of complications, some of which lead to fatal outcomes.
Because death during treatment is a rare event, a large
sample size is needed to accurately assess the mortality rate
and risk factors. The aim of this systematic review was to
assess the rates of serious adverse events (SAEs) and
mortality during PEG-IFN/RBV therapy in a pooled large-
sized sample and to assess the relationship between mor-
tality and SAE rates and therapeutic characteristics.

Methods
Study search protocol

We searched MEDLINE, EMBASE, and the Cochrane
Library to identify randomized controlled trials (RCTs)
evaluating the efficacy and safety of PEG-IFN/RBV ther-
apy published between December 1999 and October 2010.
We used the following search terms: chronic hepatitis C,
interferon, and pegylated or peg or peginterferon or peg-
asys or pegintron. The search was limited to the English
language.

Inclusion criteria

Studies were included in the analysis if: (1) they were
RCTs, (2) they included at least one PEG-IFN/RBV
treatment group in patients with chronic hepatitis C, (3)
they clearly specified adverse events, (4) patients were
followed up until at least 24 weeks after the end of treat-
ment, and (5) the studies had been published or accepted
for publication as full-length articles. Studies were exclu-
ded if: (1) they dealt only with co-infection of HCV and
HIV; (2) they dealt only with patients with a specific
condition such as a comorbid disease (e.g., cryoglobulin-
emia), status after liver transplantation, or patients on
dialysis; (3) they included patients under 18 years of age;
or (4) they focused on specific adverse events or only on
hemodynamic status. We restricted the included studies to
. RCTs on the premise that the quality of RCTs is superior to
that of non-randomized or retrospective studies.

Data extraction

Two authors (T. M. and T. K.) independently screened
titles and abstracts for potential eligibility and the full texts
for final eligibility. Disagreements were resolved by

consensus or by consulting a third author (R. T.). We
extracted the data using a standardized data-collection form
to record details of the study design, treatment doses and
duration, number of patients in the arm, patient charac-
teristics, and outcomes. A database using Microsoft Access
2010 (Microsoft, Redmond, WA, USA) was developed
specifically for that purpose. Two authors independently
entered data into the form, and the data were then com-
pared. Any discrepancies were checked and resolved by
consensus.

‘Statistical analysis

The primary and secondary outcome measures were mor-
tality and SAE rates during PEG-IFN/RBV therapy,

respectively. We recorded the number of SAEs and deaths
observed in each arm of the included studies. We calcu-

lated crude mortality and SAE rates with 95 % confidence
intervals (CI) by dividing the total number of deaths or
SAEs observed by the total number of patients in the rel-
evant group. Studies that did not discriminate serious

adverse events from others were not included in the anal-
yses of the corresponding outcome. We performed a sub-
group analysis by comparing mortality and SAE rates
between PEG-IFN alpha-2a and alpha-2b, high-dose and
low-dose PEG-IFN, and shorter and longer treatment
durations. We also performed a meta-regression analysis to
investigate relationships between mortality and SAE rates
and continuous variables (mean age; mean body weight;
proportion of males; proportion of Caucasian, African, and
Asian patients; and proportion of genotype 1 patients)
using the random effects model. Heterogeneity was tested
using the I* test to calculate the percentage of variation
caused by heterogeneity rather than by chance alone [10].
The analyses were performed with S-plus Ver. 7.0
(Insightful, Seattle, WA, USA) and StatsDirect version
2.7.7 (StatsDirect, Chesire, UK). The threshold of the
reported P value accepted as indicating significance was

<0.05.

Results
Study characteristics

Figure 1 shows the results of the screening. Our initial
database search retrieved 323 citations, of which 243 were
excluded because they did not meet our inclusion criteria;
therefore, a total of 80 RCTs with 153 arms that included
27569 patients were enrolled. Table i shows the charac-

" teristics of each enrolled study. All studies contained at ]

least one treatment arm using PEG-IFN and RBV for
chronic hepatitis C. There were 16797 male and 10254
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Fig. 1 The literature-search
and study-selection process.
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females and the sex was not reported in the remaining 518
patients. The mean age was 45.9 years. A total of 14401
patients were treated with PEG-IFN alpha-2a/RBV, and
13168 with PEG-IFN alpha-2b/RBV. PEG-IFN alpha-2a
was used at a fixed dose of 180-360 pg/body/week, and
PEG-IEN alpha-2b at weight-based doses of 0.35-3.0 pg/
kg/week. The RBV dose was fixed in 36 treatment arms
and weight-based in 117 treatment arms. Treatment dura-
tion ranged from 12 to 72 weeks. The numbers of patients
with HCV genotypes 1, 2, 3, and 4-6 were 18082, 3427,
3519, and 842, respectively. The genotype was not reported
in the remaining 1699 patients. The treatment protocol is
described in Supplementary Table 1.

Primary outcome

A total of 50 deaths from all causes were observed in the
enrolled studies. Of these, sixteen were considered by the
authors to be treatment-related. The crude overall and
treatment-related mortality rates were 0.18 % (95 % CI
0.13-0.24 %) and 0.058 % (0.033-0.094 %), respectively.
There was no evidence of heterogeneity among studies for
mortality and treatment-related mortality (* = 0 in both).
The causes of mortality were suicide (N = 6), dmug
intoxication (N = 6), myocardial infarction (N = 3), sepsis
(N =13), aortic dissection (N = 2), traffic accident
(N =2), HCC (N = 2), rupture of a cerebral aneurysm
(N = 1), bronchitis (N = 1), syncope (N = 1), pulmonary
tuberculosis (N = 1), and unknown causes (N = 22). The

@ ‘ Springer

six cases of suicide, the three of sepsis, two of drug
intoxication, two of myocardial infarction, one of HCC,
one of syncope, and one of pulmonary tuberculosis were
considered by the investigators to be treatment-related
mortality.

Subgroup analysis did not reveal any difference in
mortality according to type and dose of PEG-IFN or in
relation to duration of treatment (Fig. 2).

Secondary outcome

Seventy-two studies with 135 treatment arms including
23996 patients reported SAEs. They reported SAEs such as
anemia requiring transfusion, neutropenia below 500/mm?,
hypothyroidism, psychosis, pneumonia, and cellulitis.
SAEs were not discriminated from other adverse events in
the remaining eighteen studies. The crude SAE rate was
7.08 % (95 % CI 6.75-7.41 %). Significant heterogeneity
among studies was found for this outcome (I* = 94.1 %).
SAE rates were higher in PEG-IFN alpha-2a than in PEG-
IFN alpha-2b (7.45 vs. 6.74 %). In a subgroup analysis of
the type and dose of PEG-IFN and duration of treatment,
higher SAE rates were observed for intensive
(270-360 pg) than for standard (180 pg) doses and for
extended (>48 weeks) than for standard (48 weeks) treat-
ment duration in patients treated with PEG-IFN alpha-2a,
and for standard (1.5 pg/kg) than for lower (<1.0 pg/kg)
doses in patients treated with PEG-IFN alpha-2b (Fig. 3).
However, heterogeneity remained evident in all subgroups.
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Table 1 Characteristics of the enrolled studies

Duration,

Study Peginterferon type Ribavirin Patients, Male, Age, years BW, kg Ethnic group, N HCV genotype, N
and dose weeks® N N (mean) (mean) - -
) Caucasian  African  Asian Other Gl G2 G3 G4-6
Abergel [26] 2b 0.75 pglkg 800 mg, fixed 48 102 70 511 NR NR NR NR NR 54 9 28 11
Zb 1.5 pglkg 800 mg, fixed 48 101 65 49.3 NR NR 'NR NR NR = 50 11 30 10
Alfaleh [27] 2b 100 pg 800 mg, fixed 48 48 22 48.4 NR 0 0 0 48 10 NR NR 28
Andriulli [28] 2a 180 pg 1000-1200 mg 12* 61 30 52.5 70.6 NR NR- NR NR 0 52 9 0
2a 180 pg 1000-1200 mg 12° 59 35 52.7 73 NR NR NR NR O 50 9 0
. 2a 180 pg 1000-1200 mg 24* 24 18 47 71 NR NR NR NR 0 10 14 0
Angelico [29] 2a 180 pg 800 mg, fixed 48" 42 NR NR NR NR NR NR NR NR NR NR NR
2a 180 pg 800 mg, fixed 48* 57 NR NR NR NR NR NR NR NR NR NR NR
Ascione [14] 2b 1.5 pg/kg 1000~1200 mg  24-48* 160 94 48.9 699 160 0 0 0 92 50 17 1
2a 180 ug 1000-1200 mg  24-48* 160 81 513 70.4 160 0 0 0 89 49 18 4
Benhamou [30] 2b 1.5 pg/kg 1000-1200 mg  24-48* 325 210 45.1 NR 271 12 14 28 226 NR NR 10
Berg [31] 22 180 pg 800 mg, fixed 48 12 5 - 44 70 11 0 1 0 10 0 2 0
22180 pg 1000-1200 mg - 48 52 46 44 83 47 2 3 0 35 6 6 5
Berg [32] 2a 180 ug 800 mg, fixed 48 230 128 42.7 76.3 222 6 0 230 0 0 0
2a 180 pg 800 mg, fixed 72 225 122 42.7 75.3 213 6 3 225 0 0 0
Berg [33] - 2b 1.5 pg/kg 800~1400 mg 48 225 128 42.8 NR - NR NR NR NR 225 O 0 0
Bosques-Padilla  22-180 pg 1000-1200 mg 48 14 8 46 75 0 0 0 14 11 NR NR NR
[34] ‘
Brady [35] 2b 1.5 pglkg 800-1400 mg 48 311 156 45° 84.8 225 37 13 36 308 0 0 3
2b 3.0 pg/kg 8001400 mg  48° 299 149 45° 84.5 203 37 19 40 295 0 0 4
Brandao [36] 2a 180 g 800 mg, fixed 48 31 19 40.8 76.4 26 0 2 3 31 0 0 0
’ 22 180 pg 800 mg, fixed 24 54 46 42.3 80.7 50 2 0 2 0 NR NR NR
2a 180 pg 800 mg, fixed 24 32 19 41.1 73.8 26 0 NR 6 32 0 0 0
Bressler [37] 2a 180 png 1000-1200 mg 48 20 12 47.3 99 NR “NR NR NR 14 NR NR NR
22270 pg 1000-1200 mg 48 20 14 44.3 98 NR NR NR NR 14 NR NR NR
Bronowicki 2a 180 pg 800 mg, fixed 24 516 306 46.2 70.8 NR NR NR NR NR NR NR NR
[38]
Bruno [5] 2b 100 pg 1000-1200 mg 48" 163 101 49.9 69.4 NR NR NR NR 163 0 0 0
Carr [39] 2b 1.5 pglkg 1000-1200 mg 48 206 147 48 NR 160 26 4 16 166 NR NR NR
Ciancio [40] 2a 180 pg 1000-1200 mg 48 81 60 50 NR NR NR NR NR 66 9 3 3
Dalgard [41] - 2b 1.5 pg/kg 800-1400 mg 24 150 97 38° 77 NR NR NR NR 0 31 119 0
- 2b 1.5 pglkg 800-1400 mg 14 148 95 38° 79 NR NR NR NR O 29 119 0
Diago [42] 2a 180 pg 1000-1200 mg 48 28 21 40° 75.8 NR NR NR NR 28 0 0 0
2a 270 ug 1000-1200 mg  48* 20 15 44.5° 74.1 NR NR NR NR 20 0 0 0
2a 360 pg - 1000-1200 mg 48* 24 20 41° 79 NR NR NR NR 24 0 0 0
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Table 1 continued

Study Peginterferon type Ribavirin ‘Duration, Patients, Male, Age, years BW, kg Ethnic group, N HCV genotype, N
and dose weeks® N N (mean) (mean)
Caucasian African Asian Other Gl G2 G3 G4-6
Ferenci [43] 2a 180 pg 1000-1200 mg 48 95- 65 44 NR NR NR NR NR 95 0 0 0
Ferenci [44] 2a 180 pg 400 mg, fixed 24 141 87 36.2 73.1 NR NR NR NR 0 19 122 O
2a 180 pg 800 mg, fixed 24 141 84 36.8 71.1 NR NR NR NR 0 18 123 0
Ferenci [45) 2a 180 ug 10001200 mg  72% 150 98 443 76.9 NR NR NR NR 134 0 0 16
2a 180 ug 1000-1200 mg 43 139 90 45.1 78.5 NR NR NR NR 127 0 0 12
Fried [4] 2a 180 [17:4 1000-1200 mg 48 453 324 42.8 79.8 372 27 28 26 298 54 86 13
Fried [46] 2a 180 pg 1200 mg, fixed 48 46 37 47.1 98.4 32 4 NR 10 46 0 0 0
2a 180 pg 1600 mg, fixed 48 47 41 49.6 100.3 29 6 NR 12 47 0 0 0
22 270 ug 1200 mg, fixed 48 47 35 47.1 101 35 4 NR 8 47 0 0 0
2a 270 pg 1600 mg, fixed 48 . 47 37 48.5 97 32 5 NR 10 47 0 0 0
Gish [47] 2a 180 pg 1000-1200 mg 24-48" 45 32 49 80 38 NR NR NR NR NR NR NR
Glue [48] 2b 0.35 pglkg 600-800 mg 24 12 NR 3938 65.6 NR NR NR NR 9 NR NR NR
2b 0.7 pgrkg 600-1200 mg 24 18 NR 39.8 65.6 “NR ) NR NR NR 5 NR. NR NR
2b 1.4 pglkg 600-1200 mg 24 18 NR 39.8 65.6 NR NR NR NR 4 NR NR NR
Hadziyannis [6] 2a 180.pg 1000-1200 mg 24 280 185 42 71.1 254 9 16 I 118 53 91 NR
’ 2a 180 g 1000-1200 mg 48 436 287 43 77.3 394 11 26 5 271 66 87 NR
2a 180 ug 800 mg, fixed 48 361 226 42.6 77 315 11 31 4 250 46 53 NR
: 2a 180 pg 800 mg, fixed 24 207 140 412 783 183 7 14 3 101 39 57 NR
Hasan [49] 2b 1.5 pgl/kg 10001200 mg 48 21 16 NR NR 0 19 2 0 4 0 0 17
Helbling [50] 2a 180 pg 600-800 mg 48 60 36 47° 73 NR NR NR NR 25 7 24 3
2a 180 pg 1000-1200 mg 48 64 45 47° T4 NR NR NR NR 30 11 18 4
Herrine [S51] 2a 180 pg 800-1000 mg 48 32 24 48 NR NR NR NR NR 25 NR NR NR
Hezode [52] 2a 180 pg 1000-1200 mg 48 82 46 45P NR 76 2 4 0 82 0 0 0
Ide [53] 2b 1.5 pg/kg 600-1000 mg 48 56 26 55.3 NR 0 0 56 0 56 0 0
2b 15 uekg 600-1000 mg  48-68* 57 30 54.6 NR 0 0 57 0 57 0 0
Jacobson [34]  2b 1.0 pg/kg 10001200 mg 48 161 122 49.2 NR 118 23 - NR 20 145 NR NR NR
2b 1.5 pg/kg 800 mg, fixed 48 160 117 49.8 NR 106 27 'NR 27 141 NR NR NR
Jacobson [55] 2b 1.5 pglkg 800 mg, fixed 24-48* 2444 1560 458 83.8 1926 237 59 222 1506 526 386 23
) 2b 1.5 pglkg 800-1400 mg  24-48* 2469 1539 458 84 1993 208 59 209 1512 499 421 33
Jensen [56] 2a 180 pg 1000-1200 mg 48 313 212 48.5 80.9 282 25 NR 6 284 1 8 19
2a 180 pg 1000-1200 mg 72 156 107 49.4 812 137 17 NR 2 142 1 5 8
2a 360 ug 1000-1200 mg 48" 156 94 48.8 81.1 141 10 NR 5 142 3 4 5
24 360 pg 1000-1200 mg 72 317 203 48.1 815 279 29 NR 9 28 2 7 19
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Table 1 continued

Study Peginterferon type Ribavirin Duration, Patients, Male, Age, years BW, kg Ethnic group, N HCV genotypé, N
and dose weeks® N N ‘(mean) (mean) -
’ Caucasian  African  Agian Other. G1 G2 G3 G4-6
Kamal [57] 2b 1.5 pgrkg 1000-1200 mg 24 95 49 41.6 NR NR NR NR NR 0 0 0 95
2b 1.5 pglkg 10001200 mg 36 96 51 439 NR NR NR NR NR O O 0 .9
2b 1.5 pg/kg 1000-1200 mg 48 96 50 41.2 NR NR NR NR NR 0 0 0 96
. Kamal [58] 2b 1.5 pglkg 10.6 mgks ~ 24° 69 37 41° NR NR NR NR NR 69 0 0 0
2b 1.5 pgke 10.6 mg/kg 36 79 32 405° NR NR NR NR NR 79 0 0 0
2b 1.5 ug/kg_ 10.6 mg/kg 48" 160 100 42.2 NR NR NR NR . NR 160 O 0 0
2b 1.5 pg/kg 10.6 mg/kg 48 50 26 43.2 NR NR NR NR NR 50 0 0 0
- Kawaoka [59] 2b 1.0 pg/kg 600-1000 mg 24 26 9 57° 53 0 0 26 0 0 26 0 0
2b 1.5 uglkg 600-1000 mg 24 27 15 55 61 0 0 277 0 6 27 0 0
Khattab [60]  2b 1.5 pg/kg 8001400 mg 48 49 34 37 NR 0 49 0 0 0 0 0 49
Kuboki [61] 2a 180 pg 600-1000 mg 48 100 74 52P 66.7 0 0 100 0 85 15 0 0
2a 180 ug 600-1000 mg 48 99 62 52 62.8 0 0 99 0 9 0 0 0
Lagging [62]  2a 180 pg 800 mg, fixed 12 194 123 415 79.8 NR NR NR NR O 55 137 0
2a 180 pg 800 mg, fixed 24 188 105 42 76.5 NR NR NR NR 0 49 139 0
Langlet [63] 2a 180 pg 1000-1200 mg 24-48* 314 173 45.4 73.1 278 24 7 5 166 NR NR 49
Lee [64] 2b 1.5 ug/kg 1000-1200 mg 24 76 53 44.6 67.8 0 0 76 0 38 38 0 0
Liu {65] 2a 180 pg 1000-1200 mg 24 154 88 54 67.6 0 0 154 0 154 0 0 0
2a 180 ug 1000-1200 mg 48 154 87 53 65.8 - 0 0 154 0 154 0 0 0
Lodato [66] 2b 1.0-1.5 pglkg 10.6 mgkg ~ 24-48° 43 23 49.6 NR NR NR NR NR NR NR NR NR
2b 1.5 pglkg 10.6 mg/kg ~ 24-48° 2 12 487 NR NR NR NR NR NR NR NR NR
Mangia [7] 2b 1.0 pglkg 1000-1200 mg 12 133 NR NR NR NR NR NR NR 0 102 31 0O
2b 1.0 pglkg 1000-1200 mg 24 80 NR  NR NR NR NR NR NR O 58 22 0
2b 1.0 pglkg 10001200 mg 24 70 39 497 69.5 NR NR NR NR O 53 17 0
Manns [3] 2b 1.5 pglkg 1000-1200 Iﬁg 48* 514 346 44 83 NR NR NR NR 349 NR NR 12
2b.1.5 pglkg 800 mg, fixed 48 511 321 43 82 NR NR NR NR 348 NR NR 16
Marcellin [67]  2b 1.5 pg/kg 800-1200 mg  24* 10 514 75.8 10 0 0 0 0 0 0 0
Marcellin [68]  2a 180 pg 1000-1200 mg  24-48* 318 201 45.1 NR 256 17 11 34 212 47 47 NR
McHutchison - 2a 180 pg [15] 1000-1200 mg 48 1035 613 47.6 82.8 733 200 20 82 1035 0O 0 0
[13] 2b 1.0 pg/kg 800-1400 mg 48 1016 607 475 83.4 724 187 21 84 1016 0 0 O
2b 15 pglkg 800-1400 mg 48 1019 613 475 84 732 183 10 9% 1019 0 0 0
McHutchison 2a 180 pg 1000-1200 mg 48 114 76 50° NR 100 10 2 2 114 0 0 0
[69] : .
Mecenate [70] 2a 180 pg 1000-1200 mg 12* 72 NR 420 NR NR NR NR NR 0 NR NR 0O
2a 180 ug 1000-1200 mg 24* 67 54 45P NR NR NR NR NR 0 37 30 0
2a 180 pg 1000-1200 mg 24 71 NR 42° - NR NR NR NR NR 0 NR NR O
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Table 1 continued

Age, years

HCV genotype, N

Study Pegintetferon type Ribavirin Duration, Patients, Male, BW, kg Ethnic group, N
and dose weeks® N N (mean) (mean)
) Caucasian  African Asian Other Gl G2 G3 G4-6
Mendez- 2a 180 ug 1000-1200 mg 48 63 26 46.2 70.4 0 . 0 0 63 63 0 0 0
Navarro [71] )
Meyer-Wyss 2b 1.0 pgrkg 800 mg, fixed 24-48" . 113 64 39° 72 NR NR NR NR 49 14 41 9
[72] 2b 1.5 pglkg 800 mg, fixed 24-48* 106 76 42 73 NR NR NR NR 64 10 26 6
Napoli [73] 2b 1.5 pg/kg 800-1200 mg  48* 14 10 46.9 NR NR NR NR NR 14 0 0 0
2b 1.5 pg/kg 800-1200 mg 48 17 11 47.3 NR NR NR NR NR 17 0 0 0
Pearlman [74] 2b 1.5 pglkg 800-1400 mg 48 49 23 56° NR NR 23 NR 26 49 0 0 0
2b 1.5 pglkg 800~-1400 mg 72 52 34 54° NR NR 25 NR - 27 52 0 0 0
Roberts [75] 2a 180 g 1000-1200 mg 48 438 285 43.3 78.7 365 55 0 1 43 0 .0 0
2a 360 pg 1000-1200 mg  48° 433 298 43.6 77.3 355 61 0 2 432 0 0 0
Roffi [76] 2b 1.0 pg/kg 1000-1200 mg 48 57 36 56 75 NR NR NR NR 33 15 9 O
Rossignol [77]  2a 180 ug 1000-1200 mg 48 40 36 39 NR NR NR NR NR 0 0 0 40
Rumi [10] 2a 180 pg 1000-1200 mg 24-48* 212 - 128 51.6 722 NR " NR NR NR 91 69 34 18
2b 1.5 pgrkg 1000-1200 mg 24-48* 219 120 52.8 68.9 NR NR NR NR 87 74 32 26
Rustgi [78] 2a 180 pg - 1000-1200 mg 24-48* 117 81 50 89.7 79 26 0 12 117 0 0 0
Sanchez-Tapias  2a 180 pg 800 mg, fixed 48 165 113 42.8 73.3 NR NR NR NR 149 1 7 8
{791 2a 180 pg 800 mg, fixed 72 161 102 432 74.4 NR NR NR NR 142 1 8 8
2a 180 pg 800 mg, fixed 24 148 88 39.3 67.9 NR NR NR NR 45 18 75 10
2a 180 pg 800 mg, fixed 48 36 20 424 68.7 NR NR NR NR 35 0o 0 1
Scotto [17] ~ 2a 180 pg 15 mg/kg 48 71 42 45.8 80.7 NR NR NR NR 45 6 8 I2
2b 1.5 pglkg 15 mg/kg 48 72 40 47.8 78.9 NR NR NR NR 47 5 11
Shiffman [801  2b 1.5 pg/kg 8001400 mg 48 43 27 49° 82 NR 17 NR 31 48 0o 0 0
Shiffman [81] 2a 180 pg 800 mg, fixed 16 732 448 46 815 635 22 21 54 NR 372 358 NR
. 2a°180 pg 800 mg, fixed 24 731 461 45.6 81.6 638 21 18 54 NR 356 369 NR
Shiffman [82] 2a 180 pg 10001200 mg 48 936 673 50 NR 693 157 NR NR 936 0 0 0
Sjogren [83] 2b 1.5 pglkg 1000-1200 mg 48 29 19 46" - 82 17 9 2 ! 2 0 0 o0
Sood [84] 2b 1.0 pglkg 1000-1200 mg 24 76 67 43.1 NR 0 0 7% 0 0 0 76 0
 2b 1.5 pg/kg 1000-1200 mg 24 27 21 37.3 NR 0 0 270 0 0 27 0
Tang [85] 2a 180 pg 1000-1200 mg  20* 11 4 42° 70 8 NR NR 3 11 0 0 0
2a 180 pg 1000-1200 mg 32° 10 5 3g® 69 10 0 0 0 10 0 0 0
2a 180 pg 10001200 mg  44* 11 8 41° 79 10 NR NR I 0o 0 o0
2a 180 pg 1000-1200 mg 48* 13 9 41° 71 11 NR NR 2 13 0 0 0
Toyoda [86) 2b 1.5 pglkg 600-1000 mg  §* 15 5 53.6 NR 0 0 5 0 0 5 0 0
© 2b 1.5 pgikg 600-1000 mg  24* 28 16 57.8 62.2 0 0 28 0 0 28 0 0
2b 1.5 pg/kg 600-1000 mg ~ 24* 17 7 NR NR 0 0 17 0 0 17 0 0
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Table 1 continued

Age, years

Study Peginterferon type ~ Ribavirin Duration, Patichts, Male, BW, kg Ethnic group, N HCV genotype, N
and dose : weeks® N N (mean) (mean) - - -
Caucasian  African  Asjan  Other Gl G2 G3 G4-6
Wagner [87] 2a 180 ug 800-1200 mg 16 71 52 38 75.3 NR NR NR NR 0 19 51 O
2a 180 [T 800-1200 ﬁ\g 24 71 41 39 74.6 NR NR NR NR 0 19 52 0
2a 180 pg 800-1200 mg = 24 i1 4 42 80.1 NR NR NR NR 0O 1 10 0
Wagner [88] 2a 180 ug 1000-1200 mg 48 352 183 45.4 74 . 344 0 0 8 352 0 0 0
Yenice [18] 2a 180 pg 800-1200 mg 48 37 13 499 NR NR NR NR NR 37 0 0. 0
2b 1.5 pgikg 800-1200 mg 48 37 10 50.8 NR NR NR NR NR 37 0 0 0
Yu [89] 2b 80-100 pg 1000-1200 mg  24* 45 " 28 » 454 68.3 0 0 45 0 45 0 0 0
2b 80-100 pg 1000-1200 mg 48" 15 11 45.1 68.6 (U 0 15 0 15 0 0 0
Yu [90] 2a 180 pg 1000-1200 mg 16 50 32 50.8 67.7 0 0 50 0 0 50 0 0
2a 180 pg 1000-1200 mg 24 100 58 49.9 65.8 0 0 100 O 0 100 0 0
Yu [91] 2a 180 pg 1000-1200 mg 24 100 57 49,7 65.5 0 0 100 0 ‘100 0 0 0
2a 180 pg 1000-1200 mg 48 100 58 49.1 67.5 0 0 100 0 100 0 0 0
Zeuzem [92] 2a 180 pg 800 mg, fixed 24 212 90 43.8 73.9 183 17 5 7 144 38 20 10
2a 180 pg 800 mg, fixed 48 210 82 439 73.7 180 20 4 6 141 41 18 10
Zenzem [93] 2a 180 pg - 1000-1200 mg 24* 43 33 39.1 74.7 NR NR NR NR 23 NR NR 1
2a 180 pg 1000-1200 mg 48 134 83 432 73.8 . NR - NR NR NR 90 NR NR 6
2a 360 pg 1000-1200 mg 48 11 6 42.6 79 NR NR NR NR 9 NR NR 2
Zeuzem [94] 2b 1.5 pgrkg 800-1200 mg 24 237 127 42.2 71.3 225 NR NR NR 237 © 0 0
Zeuzem [95] 2a 180 pg 10001200 mg 48 114 66 41.9 - 734 105 NR NR 9 114 0 0 0

HCV hepatitis C virus, BW body weight, NR not reported

* Details of pegylated (Peg) interferon dose and duration of treatment are described in Supplementdry Table 1

P Data values are expressed as medians
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Fig. 2 Forest plot of mortality,
comparing treatment regimens.
Sizes of the boxes reflect sample

sizes, with the bars showing the.

95 % confidence interval (CT)

Fig. 3 Forest plot of SAEs,
comparing treatment. regimens.
Sizes of the boxes reflect sample
sizes, with the bars showing the
95 % confidence interval

Subgroup
Qver all
Peginterferon type
PEG-IFNa2a (n=14401)
PEG-IFNa2b (n=13168)
Peginterferon a2a
Dose
standard dose (n=13326)
high dose (2270ug) (n=1075)
Duration
Corventional (s48w) (n=13392)
Prolonged (>48w) (n=1009)
Peginterferon a2b
Dose
low dose (s1.0 pa/kg) (n=2426)
standard dose (n=10742)
Duration
conventional {$48w) (n=13059)

prolonged (>48w) (n=109)

Subgroup
Overall
Peginterferon fype
PEG-]FhiaZa {n=11413)
PEG-IFNa2b (n=12583)
Peginterferon a2a
Dose
standard dose (n=10349)
high dose (2270ug} (n=1064)
Duration
Conventional (<48w) (n=10404)
Prolonged {>48w) (n=1009)
Peginterferon u2b
Dose
low dose (1.0 ug/kg) (n=2426)
standard dose (n=10157)
Duraﬁén
conventional (<4Bw) (n=12474)

proionged {(>48w) {n=108)

e

Mortality, % (95% Cl)

0.18 (0.13-0.24)
0.17 (0.11-0.25)
0.20 (0.13-0.29)
0.17 (0.10-0.25)
0.18 (0.02-0.67)
0.18 (0.11-0.27)
0.00 (0.00-0,36)
0.08 (0.01-0.30)

0.22(0.14-0.33)

0.20(0.13-0.28)

[¢]

4

o4

8

0.8

12

0.00(0.00-3.33)

0.8%

SAE, % (95% Gl

7.08 (6.75-7.41)
7.45 (6.97.7.94)
6.74 (6.31.7.19)
- 6.99 (6.50-7.49)

11.94(10.05-14.04) '

667 (620.7.47)

155 (13.3-17.8)

5.05 (4.12-5.89)

7.10 (6.61-7.61)

6.80 (6.36-7.25)

0.00 (0.00-3.33)

18%

Meta-regression analysis showed that greater body  proportion of Caucasian patients and decreased proportion

weight, an increased proportion of male patients, an
increased proportion of HCV genotype 1, and an increased
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of Asian patients were significantly associated with
increased SAE rates (Table 2). There was no significant
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association between increased SAE rates and the mean
patient age or the proportion of African patients.

Discussion

According to a report by the World Health Organization
(WHO), age-specific annual death rates from all causes in
individuals aged 45-49 years in the United States, Italy,
and Japan (locations of the majority of our enrolled studies)
were 409, 216, and 248 per 100000, respectively [1!]. The
crude mortality of 0.18 % (180 per 100000) found in
the present study is low by comparison, even allowing for the
biased population tolerable to PEG-IFN/RBV. Further-
more, the annual mortality rate could have been lower than
the crude mortality rate, considering that the study period
was longer than 1 year (including the follow-up period)
in most enrolled studies. The annual treatment-related

Table 2 Meta-regression analysis for continuous variables

mortality rate could have been lower than our finding of a
treatment-related mortality of 0.06 %. However, the treat-
ment-related mortality rate may be an underestimate, as
assessment of the causal relationship between treatment .
and mortality can be subjective and/or biased. Nonetheless,
these PEG-IFN/RBV-related mortality rates would be
acceptable considering the high SVR rates and considering
that SVR' drastically reduces adverse events related to
chronic hepatitis C infection. In the present study, the most
common cause of mortality was suicide, and all of the
suicides were considered as treatment-related. This finding
should alert treating physicians when they are treating
patients with a history of psychiatric illness.

Two types of PEG-IFNs (i.e., PEG-IFN alpha-2a and
2b) are approved for the treatment of chronic hepatitis C.
PEG-IFN alpha-2a has a molecular mass of 40 kDa and
PEG-IFN alpha-2b a mass of 12 kDa. In comparison with
PEG-IEN alpha-2b, PEG-IFN alpha-2a is less effectively

Variables Slope® Standard error P value
Mean age, per year increase
All studies (N = 100) —0.00244 0.00380 ‘ 0.52
Alpha-2a (N = 60) —0.00049 0.00513 ' 0.93
Alpha-2b (N = 40) —0.00203 0.00488 0.68
Mean body weight, per 1 kg increase
All studies (N = 95) 0.00343 0.00147 0.02
Alpha-2a (N = 64) 0.00584 0.00242 0.02
Alpha-2b (V = 31) 0.00067 0.00178 ) 0.71
Proportion of male patients, per 1 % increase
All studies (N = 125) 0.00305 0.00130 0.02
 Alpha-2a (N = 73) 0.00218 0.00182 ’ 0.23
Alpha-2b (N = 52) i 0.00257 ©10.00166 : 0.13
Proportion of Caucasian patients, per'1 % increase ‘
All studies (N = 75) 0.00167 0.00043 v <0.001
Alpha-2a (N = 46) 0.00102 0.00062 0.11
Alpha-2b (N = 29) 0.00201 0.00061 0.003
Proportion of African patients, per 1 % increase
All studies (N = 72) —0.00092 0.00113 : 042
Alpha-2a (N = 41) 0.00781 0.00394 . 0.55
Alpha-2b (N = 31) —0.00030 0.0010% 0.79 .
' Proportion of Asian patients, per 1 % increase
All studies (W = 58) —0.00092 0.00042 0.03
Alpha-2a (N = 32) —0.00042 0.00061 - . 0.50
Alpha-2b (N = 26) ~ —0.00106 0.00053 0.06
" Proportion of genotype 1 patients, per 1 % increase
All studies (N = 129) 0.00143 0.00036 <0.001
Alpha-2a (N = 73) 0.00179 0.00048 <0.001
Alpha-2b (N = 56) 0.00075 0.00046 0.104

# Slope values indicate increases (decreases) in the rates of serious adverse events (SAEs) per unit. For example, a 1-year increase in mean age in

a study results in 0.00464 (0.464 %) decrease in the SAE rate
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cleared by the kidneys and therefore has a longer half-life.
In fact, pharmacokinetic analysis in 22 patients showed that
PEG-IFN alpha-2a was still detectable i 10 patients 168 h
after the administration of 180 pg/week, whereas the
administration of 1.0 pg/kg/week of PEG-IFN alpha-2b
was undetectable in 11 of 12 patients at the same time point
“[1Z]. PEG-IFN alpha-2a is thought to be more effective
than PEG-IFN alpha-2b because of its longer half-life. A
recent meta-analysis showed a higher SVR rate after
treatment with PEG-IFN alpha-2a than after treatment with
PEG-IFN alpha-2b [13]. On the other hand, the half-life of
each PEG-IFN may be related to its safety profile. How-
ever, among studies that have directly compared the safety
of the two PEG-IFNSs, only one reported a significant dif-
ference between SAE rates for PEG-IFN alpha-2a and
PEG-IFN alpha-2b (11.7 vs. 8.6 %, P = 0.02) [i4-ig].
The inability of the other studies to detect such a difference
may have been due to small sample sizes. In fact, a dif-
ference in SAE rates between the two PEG-IFNs was
observed in pooled samples in our study.

Increasing the dose intensity of PEG-IFN and prolong-
ing treatment duration have been attempted to achieve
higher IFN levels in blood for longer periods, eventually
resulting in a higher SVR rate. Treatment dose and dura-
tion are also expected to be related to the safety profile. The
higher SAE rates in regimens with more intensive dosing
observed for PEG-IEN alpha-2a and 2b and longer treat-
ment duration observed for PEG-IFN alpha-2a support this
hypothesis. The higher SAE rates in regimens with longer
treatment duration were not observed for PEG-IFN alpha-
2b, probably due to small sample sizes in regimens with
longer treatment duration of PEG-IFN alpha-2b.

As mortality and SAE during PEG-IFN/RBV treatment
are rare, most studies reported no such events. Therefore,
the proportion calculated using the DerSimonian and Laird
weight for the random-effect model showed considerable
discrepancies between crude and pooled rates. In fact,
pooled and treatment-related mortalities calculated using
the random-effects (DerSimonian and Laird) model were
0.30 % (0.24-0.37 %) and 0.17 % (0.12-0.22 %), respec-
tively, which were considerably different from the crude
rates of each outcome (data not shown). Thus, we adopted
crude instead of pooled rates for mortality and SAE.

Our meta-regression analysis showed a significant
association between increased SAEs and HCV genotype 1.
It is plausible that patients with genotype 1, which is dif-
ficult to treat, received a higher dose and longer duration of
treatment. This is consistent with the results of the sub-
group analysis.

A significant positive association between the SAE rate
and the proportion of Caucasian patients, and an inverse
relationship between SAEs and the proportion of Asian
patients were also observed. This result may suggest a role

@ Springer

of genetic diversity in the mechanisms uriderlying the
adverse effects of PEG-IFN/RBV. Indeed, inosine tri-
phosphate pyrophosphatase (JTPA) gene variants are
associated with RBV-induced hemolytic anemia, and
genetic polymorphisms near the interleukin-28B (JL-28B)
gene were reported to be associated with response to HCV
treatment with PEG-IFN and RBV, and the frequency of
the variants differed between ethnic groups [1%, 2{1].

We found that greater body weight was associated with
a higher SAE rate. Of note, in the PEG-IFN alpha-2a-based
regimen, the starting dose was fixed regardless of body
weight; thus, with the PEG-IFN alpha-2a regimen, there
might have been an overdose for patients of lower weight,
leading to SAEs. However, whether such overdosing
occurred was not clear in this study because there was a
positive correlation between body weight and the SAE rate
in patients receiving the PEG-IFN alpha-2a regimen. The
reason for this positive rclationship remains unclear;
however, it may be because obesity is itself associated with
various medical comorbidities.

We also found that an increased proportion of male
patients in a study was associated with a higher SAE rate. It
has been reported that female gender was an independent
factor contributing to severe anemia [2}], so the reason for
the present finding of the increased proportion of male
patients remains unclear; it may be correlated with
increased body weight which caused a higher SAF rate.
However, whether the proportions of individuals with
obesity differed between male and female patients is not
clear, because data on body mass index was often lacking.

In the present study increased mean age was not asso-
ciated with a higher SAE rate, whereas discontinuation,
dose reduction, and grade 3 adverse events were more
frequent in older patients in previous studies [22, 23]. The -
lack of an association between mean age and the SAE rate
in the present study could be due in part to the patients’
mean age of 45.9 years, and the proportion of patients over
60 being small. Low-risk patients tend to be included in
RCTs. This is one of the limitations of this study.

Recently, the use of HCV nonstructural 3/4A serine
protease inhibitors combined with PEG-IFN and RBV were
reported to achieve higher SVR rates in genotype 1 patients
compared with conventional PEG-IFN/RBV. These triple -

therapies are considered to be the next standard of care for .

chronic hepatitis C [24, 25]. Adverse events during triple
therapies could include those related to PEG-IFN/RBV, as
these regimens include PEG-IFN/RBV.

We extracted only RCTs for our analysis in order to
obtain highly reliable data and minimize the influence of
recall bias because RCTs are prospectively designed, and
SAEs should be defined a priori. However, several limi-
tations are still worth noting. The latent limitation of this
study is inter-study variability in the definition of SAE. The
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precise meaning of ‘serious’ has not been determined, and
some discrepancies between studies exist. These discrep-
ancies may diminish the accuracy of the pooled SAE rate in
this study. Second, even by choosing only RCTs, we could
not completely exclude the influence of publication bias.

Overall, PEG-IFN/RBV treatment is relatively safe,

with low mortality, considering the fact that chronic hep-
atitis C patients carry a high risk of cirrhosis and HCC.
Nevertheless, the SAE rate with this treatment is not neg-

ligible and the development of safer regimens should be,

and is, encouraged.
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Table 1. Characteristics of the Randomized Cohoris and SVR Rates of Heterozygous Genofype rs12979860CT With Additional
Genotyping of rs8099917

Random Sample Sample Mean HCV RNA Severe b

Size Number Age =SD Male >406,000 iU/mL Fibrosis rs12979680CT/ rs8G99917TT 1512979680CT/ 1s8099917TG P-value
10% © 96 47x11 58% 69% 55% 48% 36% 0.408
20% 192 48+11 59% 80% 43% 43% 32% 0.379
30% 285 48*11 60% 72% 48% 50% 38% 0.154
40% 396 47x11 63% 66% 55% 57% 39% 0.012
50% - 474 47+11 60% 68% 53% 56% 37% 0.603
60% 588 48x11 58% 1% 52% 57% 35% . 8.6001
70% 654 47*11 58% 2% 52% 56% 39% 0.002
80% 754 48+11 58% 70% 51% 55% - 39% 0.802
90% 835 4811 59% 71% 52% 56% 40% 0.001
100% 942 4811 59% 70% 52% 55% 40% 0.001

SD, standard deviation; 1, international units; SVR, sustained virological response; P < 0.05 considered 1o be statistically significant.

fibrosis stage on the SVR rates of genotype 1s129798G60CT/
158099917TT and 1512979860CT/rs8099917TG (Supporting Table
1). Again, it becomes obvious that the impact of additional genotyping
of 18099917 on the prediction of SVR is improved in patients with
heterozygous genotype of 1512979860 who have high baseline HCV
RNA levels (P = 3.7 x 107%), HCV subtype 1a (P = 3.3 x 107,
or severe fibrosis stages (P = 0.001), being female (P = 0.023), or of
younger age (P = 0.029). Thus, the different patient characteristics
most likely explain the differences in the SVR rates.

From that, one possibly may conclude that two SNPs are good in
large cohorts but not relevant for clinical practice. However, the idea of
large studies is to infortm individual clinical practice. Our results
derived from a large cobort suggest that algorithms and models that
include both rs12979860 and rs809917 as well as baseline paramerers
and viral factors are informarive to guide therapeutic decision making.?
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Plasma Lysophaspbatidic Acid Levels and Hepatocellular Carcinoma

To the Editor:

We read with interest the article by Mazzocca et al.,! showing
that serum lysophosphatidic acid (LPA) levels are increased in he-
patocellular carcinoma (HCC) patients correlaced with tumor bur-
den, while not enhanced in cirrhosis patients. However, we think
that their LPA values in serum samples need to be carefully eval-
uated, because of some technical issues in the measurement of LPA
levels in blood samples. First, because LPA is released from plate-
lets, LPA has been measured in glasma but not in serum when
evaluating its clinical significance.® Second, as we previously dem-
onstrated,” LPA levels in plasma samples are markedly increased af-

ter sample preparation unless the remperature is kept under serict
control, potentially because the synthetic enzyme autotaxin (ATX)
and the substrate lysophosphatidyl choline coexist in plasma sam-
ples to abundantly produce LPA. LPA was once reported as a bio-
marker of ovarian cancer,® but contrary data.were later demon-
strated, in which a distinct sampling of plasma may explain this
discrepancy.® Indeed, LPA levels in serum reported by Mazzocca
et al. were approximately 10 times higher than the previously
reported LPA levels in plasma®? If their LPA values in serum were
increased after sampling similarly in each sample, plasma LPA lev-
els might be correlated with HCC burden as reported. To darify
this, we have newly measured plasma LPA levels in HCC patients,
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Fig. 1. Plasma LPA levels and HCC burden. Plasma LPA levels,
measured in 21 HCC patients (13 males and 8 females; 2 patients
with chronic hepatitis B, 15 with chronic hepatitis C, and 4 with non-B
non-C chronic liver disease), were not significantly corretated with HCC
burden as evaluated by RECIST (Response Evaluation Criteria in Solid
Tumors; Spearman rank, r = 0.158, P = 0.4937). This study was
approved by the Institutional Research Ethics Commiftee and informed
consent was obtained for the use of the samples.

and found that they were not correlated with tumor burden, as
shown in Fig. 1. Moreover, plasma LPA levels in HCC patients
(0.12 = 0.09 mM, mean = SD, n = 21), were not different from
the previously reported levels in non-HCC patients with chronic
hepatiis C (0.10 * 0.05 mM). 5 Although Mazzocca et al.
reported no enhancement of serum LPA levels in cirrhosis patients,
we’ and others® previously showed that plasma LPA levels and
serum ATX activity were increased in chronic liver diseases in
association with fibrosis and cholestatic pruritus, from which HCC
frequently arises. Callectively, a role of LPA in HCC should be
cautiously analyzed.
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Reply:

Tkeda et al. remark thart platelets are 2 main source of lysophos-
phatidic acid (LPA) and therefore the interpretation of LPA serum
concentrations deserves careful attention. However, the same
authors previously reported’ an inverse correlation between plasma
LPA concentrations and the number of platelets in patients with
chronic C hepatitis. Therefore, it is possible that in physiologic
conditions platelets remain the main source of LPA, while in
chronic inflammation such as hepatitis C, liver cirthosis, or hepato-
ceflular carcinoma (HCC), the platelet contribution to LPA pro-
duction may likely become less relevant. In our study we analyzed
sera for LPA detection in healthy donors, liver cirrhosis, and HCC
patients, performing well-standardized procedures of collection for
each sample. Thus, the contribution of platelets to the LPA con-
centration was, in reality, normalized. On the contrary, the authors
should consider that even in plasma or whole bload, platelet act-
vation is an extremely difficult problem to deal with and control.
For example, prolongcd tourniquet application, or twisting of the
needle in the vein, are major factors interfering with the functlon
of platelers during blood withdrawal, as reviewed by Ruggeri”
Unfortunately, these limitations are common for a number of mol-
ccules involved both in cancer and in blood cell biology.”

Moreover, Tkeda et al. investigated patients with chronic hepat-
ts C, in whom the inﬂammatory response is a key component of
the tissue microenvironment. In their study, the fibrotic status was
also questionable, due to their choice of statistical method (com-
parison among groups should be done with Kruskal-Wallis tests),
and because of the very limited number of patients (14), further
stratified into four different | roups, which means the conclusions
were affected by low power.! In our study,4 we compared liver cir-
rhosis versus HCC. In the former case, the inflammartion is
reduced while the fibrotic response is increased, consequently
inducing a different microenvironment response.” This could

_explain why patients with liver cirrhosis display relatively low levels

of LPA. In addition, it is conceivable that when HCC develops in
cirthotic liver, LPA levels rise once more, as in cases of active
inflammatory states (i.e., viral hepatitis). Another key point is
patient sclection. Ikeda et al. do not provide any information with

regard o the clinical features of the patients, i, etiology, BCLC

stage, previous therapy, etc., as well as how they calculated the size
of the tumor in patients with mulifocal disease, for instance.
Finally, some differences between Caucasian and Asian patients

with HCC are to be expected, since the natural history is com-
pletely different in Western and Southeast Asian countries.” In our
study,* we demonstrated that LPA has a role in promoting tumor
progression and we did not attempt to speculate about the use of
LPA as a dinical biomarker. To validate LPA as a porential bio-
marker for HCC a different study design is required, as well as
first considering the power of the study. Thc enhancement of se-
rum LPA levels reported by Watanabe et al." referred to a relatively
small number of patients with chronic hepatitis C. In addition, the



