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Abstract

Context: Hepatitis C virus (HCV) infection is a major cause of liver-morbidity and mortality among patients with thalassemia. Pegin-
terferon plus ribavirin is currently the recommended therapy for hepatitis C infection in patients do not have thalassemia, but using
ribavirin in patients with thalassemia is restricted due to its hemolytic effect. To evaluate the efficacy and safety of adding ribavirin to
peginterferon or interferon, authors performed a systematic review on the available literatures.

Evidence Acquisition: Trials were identified through electronic database, manual searches of journals and bibliographies and ap-
proaching authors of trials. Randomized trials that enrolled patients with adiagnosis of thalassemia and chronic hepatitis C infection
treated with interferon or peginterferon with or without ribavirin were included. Two investigators independently evaluated the trials
for inclusion criteria, risk of bias and data extraction. The primary outcomes were sustained virological response (SVR), liver-related
morbidity, mortality and adverse events. The odds ratios from each trial were calculated individually and in the subgroup analysis of
trials. Data were analyzed with fixed-effect model.

Results: Three randomized clinical trials with 92 patients were included. All three trials had unclear risk of bias. Compared with pegin-
terferon monotherapy, adding ribavirin to peginterferon had significant beneficial effect on sustained virological response (OR =3.44,
95% CI:1.18-10.06). There was no significant difference between combination therapy and monotherapy in the end of treatment achieve-
ment response. Other than about 30% increase in blood transfusion due to anemia that returned to normal level 2 - 3 months after
treatment, there was no significant increase in side effects followed by adding ribavirin to pegylated interferon (Peg-IFN). Data were
insufficient to determine the impact of genotype, viral load and age on the response to treatment.

Conclusions: Compared with monotherapy, adding ribavirin to treatment is more effective in removing hepatitis C virus from the
bloodstream in patients with thalassemia, it is also more effective in reducing the relapse rate after treatment. Except the increase in
blood transfusion, there was no significant increase in side effects followed by adding ribavirin.
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1. Context

Hepatitis C virus (HCV) has infected about 170 million
people worldwide (1). Most of acute hepatitis C cases are
asymptomatic, nearly 80% of the infected patients develop
chronic infection, 10 - 20% of chronic cases progress to
cirrhosis and about 5% of chronic patients with cirrhosis
will develop hepatocellular carcinoma over 20 - 25 years (2,
3). Transfusion of blood and its products and using intra-
venous drugs are the most common reasons of hepatitis C
transmission (3, 4). Routine blood transfusion (red blood
cell), which is the choice management of thalassemia, puts
the patients at increased risk of HCV infection. Although
screening programs of blood donors for HCV started in

1990, it reduced the rate of new infected patients. Some
studies have demonstrated that the worldwide prevalence
of HCV in transfusion dependent thalassemia was 21 - 45%
(5, 6). Pegylated interferon (Peg-IFN) monotherapy regime
is currently approved by clinicians as the first choice of
treatment for HCV infection in patients with thalassemia
(7). In patients with hepatitis C/without thalassemia, there
are many clinical guidelines about the choice of accurate
drugs, treatment timing, associated treatments and side
effects. The best outcome obtained through the combi-
nation of pegylated interferon and ribavirin for a specific
period of time which depends on the genotype of virus,
extending from 24 weeks for genotypes 2 - 3 to 48 weeks
for genotype 1. Responses to treatment are often charac-
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terized by the results of HCV RNA testing. Infection is as-
sumed eradicated when there is a sustained virological re-
sponse (SVR), defined as the lack of HCV RNA in serum
by a sensitive test 24 weeks after completion of antiviral
therapy (8). Addition of the polyethylene glycol to inter-
feron molecules produces peginterferon. This process in-
creases half-life of molecule, decreases renal clearance and
changes metabolism of the molecule (9). Ribavirin is a gua-
nine analog with antiviral activity that decreases infectiv-
ity of hepatitis C virus in a dose-dependent pattern, rib-
avirin is a well-tolerated drug but hemolysis due to oxi-
dant damage is an important complication with side ef-
fects. Ribavirin dose reduction due to anemia happens in
about 15 - 20% of patients. In patients with present ane-
mia such as major thalassemia, this event is worse. Hemol-
ysis and anemia are almost reversible after ribavirin dis-
continuation or dose reduction (10). First trials with pegin-
terferon and ribavirin in HCV treatment in patients with
major thalassemia resulted in a 30 - 40% increase of blood
requirement and an associated increase of iron chelation
therapy but enhanced SVR rate of patients was reported (11,
12).This review aimed to assess the SVR rate, compliance,
benefits and harmful effects of combination therapy of rib-
avirin plus peginterferon, interferon versus monotherapy
of peginterferon or interferon for treatment of hepatitis.C
in patients with thalassemia.

2. Evidence Acquisition

2.1. Literature Search

First, a systematic electronic literature search was per-
formed on chronic hepatitis C treatment in patients with
thalassemia in MEDLINE, EMBASE, SCOPUS, ISI, Cochrane
Central Registry of Clinical Trials and Google Scholar with-
out temporal limits using different combinations of the
following keywords: thalassemia, chronic hepatitis C, HCV,
hepatitis Cvirus, ribavirin, interferon, INF, pegylated inter-
feron and Peg-IFN (Box 1). In addition, the references from
allretrieved articles and relevant reviews were evaluated to
find the studies not captured by the search. The registered
unpublished and ongoing clinical trials were searched
on http://clinicaltrials.gov, http://controlledtrials.gov and
http://centerwatch.com. Google Scholar and Google search
engine were searched to find gray literature and confer-
ence abstracts. Searches were performed in February 2014.

2.2. Inclusion Criteria

Randomized trial studies regardless of language, type,
publication place and blinding were included. For inclu-
sion, studies had to enroll patients with a confirmed diag-
nosis of thalassemia and chronic hepatitis C infection (pos-

Box 1. Search Strategy of Electronic Database

Search Strategies

1. Exp Ribavirin/

2. Ribavirin or riba or copegus or rebetol or ribasphere or vilona or virazole
3.1or2

4. Exp Interferons|

5. interferon or IFN or pegylated Interferon or peg-IFN or roferon* or intron*or
multiferon* or rebif* or avonex or cinnovex or betaferon or pegasys or
repiferon or pegatron or rebetron or alferon or infergen or actimmune

6.40r5

7. Exp Hepatitis C, Chronic/

8. (Chronic and (‘hepatitis C’ or ‘hep C’ or HCV)) or CHC
9.80r7

10. Exp thalassemia/

11. Beta thalassemia or beta thalassemia major or inherited anemia or
inherited hemolytic anemia or congenital hemolytic anemia

12.10 ori1

13.3and 6 and 9 and 12

itive HCV RNA in PCR) treated with interferon or peginter-
feron with or without ribavirin regardless of type of drug
producing factory, dose and length of study (ribavirin with
optimal dose included). Sustained virological response
(SVR), defined as absence of HCV RNA six months after the
end of treatment as outcome, morbidity, mortality, side
effects and adverse events, should be reported. Studies
with co-infection of hepatitis B or HIV and history of bone
marrow transplantation and immunosuppressive therapy
were excluded.

2.3. Data Extraction and Collection

An investigator inspected references identified by
searches and another investigator rechecked it, in cases of
disagreement between these two a third investigator was
consulted. Also, extraction of data from studies was per-
formed by one investigator and rechecked by another one
and in case of disagreement the third one extracted the
data. After study selection and data extraction authors doc-
umented the data and where necessary, contacted authors
of trials via e-mail for clarification. The following data were
extracted and documented: 1) Trials’ characteristics: loca-
tion, date, publication condition, setting of trial, follow-
up duration and sponsor; 2) Participants’ characteristics:
number of patients (subjects) in every group, gender, age,
race, virus genotype, viral load at the beginning and end
of the treatment, degree of liver fibrosis before the treat-
ment; 3) Interventions’ characteristics: dose and type of
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interferon or peginterferon, ribavirin dose, method of ad-
ministration; 4) Characteristics of outcomes: number of
patients with absent HCVRNA at the end of treatment (ETR)
and SVR, blood transfusion amount to achieve the level of
hemoglobin, dose and amount of iron chelators and side
effects of drugs administration.

2.4. Quality Assessment of Randomized Controlled Trials

All of the included randomized controlled trials were
assessed for risk of bias by two authors based on ‘Cochrane
risk of bias tools’ including six items: allocation conceal-
ment, random sequence generation, blinding of outcome
assessment, blinding of participants and personnel, in-
complete outcome data, selective outcome reporting and
other sources of bias (13). Disagreements in assessing risk
of bias were resolved by discussion.

2.5. Statistical Analysis

The study assessed the heterogeneity by chi-squared
test and quantified the degree of heterogeneity by the Q
statistics or I? index as inconsistency measure. Significant
heterogeneity was defined as P-value of chi-squared test
less than 0.1 or I? index greater than 50% (14). Analysis per-
formed with the statistical software review manager (ver-
sion 5.2; The Nordic Cochrane center, Copenhagen, Den-
mark). Outcomes were summarized as odd ratios (OR) and
weighted mean difference (WMD) with 95% confidence in-
terval (CI). The fix-effect method of Mantel and Haenszel
was applied to analyze data (15) and in the presence of het-
erogeneity, DerSimonian and Laird random-effect models
were used to analyze and to compute pooled OR (16). Rare
events (mortality and morbidity) were estimated by Peto
odds ratio (17).

3. Results

The study identified 1483 references through the elec-
tronic searches on MEDLINE, CENTRAL, EMBASE, SCOPUS,
ISI, Google Scholar, clinicaltrials.gov, controlledtrials.gov,
centerwatch.com and manual searches; after reading the
abstracts and titles 1427 clearly irrelevant to topic and du-
plicate references were excluded (Figure 1). From 56 poten-
tially relevant studies after reading full texts, eight case-
reports and case series were excluded (18-25), one study
was excluded because it was conducted on patients after
bone marrow transplantation (26), another study was ex-
cluded for co-infection of participants with hepatitis B (27),
two reviews were excluded (28, 29), seven studies were ex-
cluded because of low sample size 2 - 8 patients (30-36),
one study was excluded due to lack of methodological re-
port (37), a study was excluded because it reported just EVR
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(38), four studies were excluded because they were dupli-
cate publications of the same patients data as seminar pro-
ceedings (39-42), 25 studies were excluded since they were
prospective, without a control group (7, 12, 43-65), three
non-randomized controlled trials were also excluded (66-
68) and finally three randomized controlled trials were in-
cluded in the meta-analysis (11, 69, 70).

143 References Identified by
Electronic and Hand Searches

1427 References Excluded After

— . .
Screening of Titles and Abstracts

A 4

56 References Retrieved for
Further Assessment

1427 References Excluded Because of

Not Fullfilling Inclusion Criteria

A 4

3 Randomized Controlled
Trials Included

Figure 1. Systematic Review Process Flowchart

3.1. Qualitative Review

Tables1and 2, report the studies in details with design,
patients’ characteristics, treatment protocol and response
to treatment. The three included studies were randomized
controlled trials on patients with thalassemia and chronic
hepatitis C infection. Evaluation of bias risk according to
Cochrane risk of bias tools was summarized in Table 3.
Generation of random sequence was adequate in all stud-
ies, but allocation concealment was only adequate in one
study and it was unclear in the other two studies. Also
blinding was reported only in one of the studies as dou-
ble blind and in other studies was unclear. All of stud-
ies assessed the patients with naive hepatitis C and no re-
lapsed or non-responder patients were included. Overall,
92 patients (50 patients with interferon or peginterferon
monotherapy and 42 patients with combination therapy
with ribavirin) were included in the meta-analysis. Sixty-
two percent of the patients were male and 40% were in-
fected with genotype 1 hepatitis C virus; the difference in
proportion of each genotype in both groups was insignifi-
cant.

3.2. Effects of the Compared Interventions

Two studies used Peg-IFN and one study used conven-
tional interferon; therefore, because of the heterogeneity
it was not possible to perform the meta-analysis but in sub-
group analysis meta-analysis was performed in two studies
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Table 1. Studies and Patients Characteristics

RCT Country Sample Size Gender, % Male Mean Age of Genotype1,% Serum Ferritin, Liver Iron Content HCV Viral Load, ALT, IU/mL
Treatment, y pgll copies/mL
Inati etal. (1) Lebanon
12 monotherapy 83 216 67 1763 £ 1029 8+39 371439 86.4 + 445
8 combination 7 16.5 87 2757 £ 1007 82+4 480835 102.6 £ 58
therapy
sood et al. (69) India
20 monotherapy 80 10 10 ND ND 289333 125.8 £ 74.8
20 combination 60 9 20 ND ND 372221 1773 £ 1402
therapy
Kalantar and Rad Iran
(70)
18 monotherapy 33 205 44 ND ND ND ND
14 combination 50 215 57 ND ND ND ND

therapy

Abbreviations: ALT, alanine aminotransferase; ND, not defined.

Table 2. Characteristics of Treatment and Response®

Study/Protocol Interferon Dose Ribavirin Doses Duration, w Interferon Total Dose Sustained Virological End of Treatment
in Each Patient Response, % Response, %
Inatietal. 48 8640 118
Peg-IFN 180 pglwk - 33 42
a-2a+placebo
Peg-IFN 180 pglwk 10.6 mg/kg/d 62.5 75
«-2a+ribavirin
Sood etal. 24 0r48 2160 - 4320 ug
Peg-IFN a-2b 1.5 pglkg/wk - 40 85
Peg-IFN 1.5 pglkg/wk 15mg/kg/d 70 85
a-2b+ribavirin
Kalantar and Rad 240r48 216 - 432 million units
INF 9 million unitsjwk - 56 61
a-2b+placebo
INF 9 million unitsjwk 800-1200 mg|d 285 64
a-2b+ribavirin
*Drop out rate = 0%.
Table 3. Quality Assessment of Randomized Controlled Trials
Study Random Sequence Allocation Blinding of Blinding of Incomplete Selective
Generation Concealment Participants and Outcome Outcome Data Reporting
Personnel Assessment
Inati etal. Low risk Unclear risk Unclear risk Unclear risk Low risk Low risk
Sood etal. Low risk Unclear risk Unclear risk Unclear risk Low risk Unclear risk
Kalantari and Rad Low risk Low risk Low risk Low risk Low risk Unclear risk

that used Peg-IFN. Inati et al. (11) used Peg-IFN in astudyon  showed OR of 3.50 (95% CI: 0.94 - 12.97) for SVR. End of
20 patients (eight patients in combination therapy group  treatmentresponse (ETR) for these studies were 4.20 (0.59-
and twelve patients in monotherapy group) and achieved ~ 30.10) for Inati et al. and 1.00 (0.18-5.67) for Sood et al. 0dd
OR of 333 (95% CI 0.51 - 21.58) for SVR and Sood et al. (69) ratio in both studies contains 1 and were not significant,
experimented on 40 patients (20 patients each group) and but after merging these two studies data were analyzed
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and it was found that combination therapy with peginter-
feron and ribavirin vs. monotherapy with peginterferon
had no significant differences in ETR through the analyz-
ing with fixed effect method (OR=1.90, 95% CI: 0.54 - 6.69;
I =13%) and proportion of patients who achieved SVR in
combination therapy with peginterferon and ribavirin vs.
monotherapy with peginterferon assessed with fixed effect
method and there was significant difference between the
groups (OR =3.44, 95% CI:1.18 -10.06) (Figures 2 and 3). an-
other study by Kalantari and Rad (70), that used conven-
tional interferon, showed no significant differences in ETR
and SVR between both groups (OR for ETR=1.15,95% CI: 0.27
- 4.87 and OR for SVR = 0.32, 0.07 - 1.41). The effect of other
variables (e g. virus genotype, viral load, type of peginter-
feron, age at infection, age at treatment and gender) on
response of patients to treatment was not identically ad-
dressed between studies and could not be analyzed. Just
one study reported the response to treatment in different
virus genotype groups and proportion of SVR in genotype
1was 50% and 25% in monotherapy and combination ther-
apy, respectively. Also Inati et al. (11) reported that patients
younger than 18 have better chance of SVR.

3.3. Safety

3.3.1 Increase in Blood Transfusion

Inati et al. (11) reported that blood transfusion.in-
creased 55% and 21% in patients with combination therapy
and monotherapy, respectively. Sood et al. (69) reported
that20% of patients in combination therapy group and 5%
of patients in monotherapy group needed one extra unit of
blood. Kalanteri et al. (70) did not mentioned blood trans-
fusion changes. All of the patients returned to normal two
or three months after completion of treatment.

3.3.2. Ribavirin Dose Reduction

Four patients (two patients in each group) required
ribavirin dose reduction (Sood et al. (69)).

3.3.3. Peginterferon Dose Reduction

Just one patient had 50% modification in peginter-
feron dose due to leukopenia and neutropenia, after four
weeks and full dose therapy leukopenia did not occur. One
patient had proteinuria (4.5 g/day) and peginterferon dis-
continued. Flu-like symptoms, bodyache and arthralgias
were observed in 90% and 95% of patients of monotherapy
and combination therapy groups respectively (Sood et al.
(69)). The most expected adverse event was hemolytic ane-
mia that needed an increase in transfusion requirements,
which two months after antiviral treatment completion
returned to their previous baseline before the treatment
(Inati et al. (11)).

Hepat Mon. 2016; 16(3):e28537.

3.3.4. Mortality

One patient in monotherapy group died because of
bacterial meningitis following periodontal infection and
abscess about two months after completion of antiviral
treatment; there was not any sign of cytopenia in this pa-
tient (Sood et al. (69)) and it did not seem to be caused by
treatment.

The dropout rate in all three studies was 0. ALT, AST (as-
partate aminotransferase) and liver fibrosis grade were re-
ported only before the treatment; therefore, the effect of
treatment on liver condition could not be evaluated.

4. Conclusions

Patients with congenital hemolytic anemia such as tha-
lassemia are at high risk for HCV infection, which has be-
come an important cause of liver related morbidity and
mortality (3, 4). Combination of pegylated interferon and
ribavirin, which is the standard treatment for patients
with hepatitis C/without thalassemia, is limited in patients
with hemolytic anemia such as major thalassemia because
of the ribavirin associated hemolysis (5, 6).

Initial trials showed that adding ribavirin to Peg-IFN
slightly increases the incidence of adverse events such as
blood requirement and chelation therapy in patients with
thalassemia but had improvement in the rate of patients
with SVR (11, 12). The current review aimed to quantify the
effect of adding ribavirin to Peg-IFN to treat HCV infection
in patients with thalassemia. The current systematic re-
view of three randomized trials included 92 patients. In
the subgroup analysis, achievement of ETR had no signif-
icant difference in both groups (OR for ETR =1.90, 95% CL:
0.54 - 6.69). The current review subgroup analysis showed
that adding ribavirin to peginterferon had significant in-
crease in SVR achievement (OR for SVR = 3.44, 95% CI: 1.18
-10.06) that means 3.4-fold increase in SVR rate by adding
ribavirin. Tabatabaei et al. (67) in a non-randomized con-
trolled trial on 280 patients (199 subjects in combination
therapy vs. 81 subjects in monotherapy group) reported
that adding low dose ribavirin to monotherapy treatment
increased the rate of SVR 2.2-fold (95% CI: 1.24 - 3.91) that
was not against the current review findings, also the pe-
gylated interferon plus ribavirin are used to treat hepati-
tis C in patients who do not have thalassemia (8, 71, 72)
and despite the anemic condition of the patients with tha-
lassemia, they benefit from adding ribavirin to peginter-
feron according to the current review.

When combined with peginterferon, ribavirin im-
proves sustained virological response (SVR) rates by ap-
proximately 25 - 30%. Prevention of relapse after comple-
tion of treatment is an important role of ribavirin in SVR
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Study Name Statistics for Each Study
MH Odds Lower Upper
Ratio Limit Limit Z-Value
Inati et al 2005 4.200 0.586 30.095 1.428
Sood etal 2010 1.000 0.176 5.673 0.000
1.901 0.541 6.687 1.001

ETR/Total MH Odds Ratio
S and 95% Cl
Peg INF Peg
p-Value +RBV INF
0.153 6/8 5/12
1.000 1720 17/20
0.317
0.01 0.1 1 10 100
Peg INF Peg INF + RBV

Fixed Effect Model

Figure 2. Odds Ratios and 95% Confidence Interval for the End of Treatment Response Outcome in Combination Therapy Group Compared With Those of the Monotherapy

Group
Study Name Statistics for Each Study SVR/Total MH Odds Ratio
and 95% Cl
MH Odds Lower Upper Peg INF Peg
Ratio Limit Limit Z-Value +RBV INF
Inati et al 2005 3333 0.515 21.584 1.263 0.206 5/8 4/12
Sood etal 2010 3.500 0.945  12.966 1.875 0.061 1420 8J20
3.444 1179 10.064 2261 0.024
0.01 0.1 1 10 100
Peg INF Peg INF + RBV
Fixed Effect Model

Figure 3. Odds Ratios (OR) and 95% Confidence Interval for the Sustained Virological Response Outcome in Combination Therapy Group Compared With Those of the

Monotherapy Group

rate improvement. In patients with response to the antivi-
ral effect of pegylated INF it is shown that ribavirin pre-
vents relapse by more decrease in the slope of virus RNA
(73,74). However, after years of clinical research and broad
use of ribavirin, the exact mechanism of ribavirin action is
not well known, some of the perceived mechanisms of ac-
tion for ribavirin against hepatitis C virus include: a direct
effect on the hepatitis C virus-RNA dependent RNA poly-
merase (75), fatal mutagenesis of virus by induction of dis-
junction of nucleotides (76), evacuation of intracellular cy-
toplasm through inhibition of inosine-5’-monophosphate-
dehydrogenase, change in the balance of cytokines be-

tween a Th2-type cytokines (anti-inflammatory) to a Thi-
type cytokines (proinflammatory) and improving the ef-
fect of peginterferon through up-regulation of genes par-
ticipating in peginterferon signaling (77-80). Authors
found that adding ribavirin to peginterferon reduces the
rate of relapse after treatment (significant increase in SVR
rate in combination therapy regiment while there was no
difference in end of the treatment response in both meth-
ods).

As it is known, thalassemia is quite prevalent and dif-

ficult to manage in Iran when co-occurred with hepatitis
C. Although, there are several established treatment pro-
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tocols for HCV in patients who do not have thalassemia,
there is no standard therapy regime for this condition in
patients with hemolytic anemia such as thalassemia. The
present review assessed current literatures on the impor-
tance of addition of anti-nucleoside anti-viral drugs partic-
ularly ribavirin to interferon based regime to manage HCV
in patients with thalassemia.

Other than the slight increase in blood transfusion
about30% due to anemia thatreturned to normal level two
to three months after treatment (11, 12), there was no signif-
icant increase in side effects followed by adding ribavirin
to Peg-IFN. Evaluation of different genotype subgroups was
not possible due to lack of report, also assessment of ef-
fect of type of Peg-IFN was not performed due to the low
number of studies. Biochemical responses were not men-
tioned in the studies. In general, adverse events except
blood transfusion were insufficiently reported.

The current review had some limitations; only three
randomized controlled trials with low sample sizes of to-
tally 92 patients were included. Randomized controlled
trials with such low sample size do not have strong and reli-
able evidences to be used clinically. Studies with more sam-
ple size, better design in randomization and blinding are
needed to obtain reliable evidences. Two out of three stud-
ies were funded by pharmacy companies (11, 69).

The current review evaluated the current literature
and included randomized controlled trials and found that
combination therapy with peginterferon plus ribavirin
versus monotherapy with peginterferon had significant
difference in response to treatment and achievement of
SVR in HCV infection in patients with thalassemia about
more than three folds. Adverse events except slight in-
crease in blood transfusion in combination therapy regi-
ment did not differ in the groups, nonetheless on the cur-
rent literature and trials authors could tell that adding rib-
avirin to pegylated interferon can enhance treatment re-
sponse of hepatitis C infectionin patients with thalassemia
and can decrease the rate of relapse after treatment that
lead to higher rate of sustained virological response.
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