? frontiers ‘ Frontiers in Immunology

‘ @ Check for updates

OPEN ACCESS

EDITED BY
Attila Szabo,
University of Oslo, Norway

REVIEWED BY
Wenjing Li,

Army Medical University, China
Deng-Ho Yang,

Taichung Armed Forces General
Hospital, Taiwan

*CORRESPONDENCE
Chi-Ching Chang
ccchang@tmu.edu.tw

These authors have contributed
equally to this work

SPECIALTY SECTION

This article was submitted to
Autoimmune and Autoinflammatory
Disorders: Autoinflammatory
Disorders,

a section of the journal

Frontiers in Immunology

RECEIVED 13 July 2022
AccepTED 20 September 2022
PUBLISHED 07 October 2022

CITATION

Chou S-M, Yeh H-J, Lin T-M,
Chang Y-S, Hsu H-C, Shen Y-C,
Kuo T-T, Chen J-H, Chen S-C and
Chang C-C (2022) Association

of interferon-based therapy with
risk of autoimmune diseases in
patients with chronic hepatitis

C virus infection: A population-
based Taiwanese cohort study.
Front. Immunol. 13:992819.

doi: 10.3389/fimmu.2022.992819

COPYRIGHT
© 2022 Chou, Yeh, Lin, Chang, Hsu,
Shen, Kuo, Chen, Chen and Chang. This
is an open-access article distributed
under the terms of the Creative
Commons Attribution License (CC BY).
The use, distribution or reproduction
in other forums is permitted, provided
the original author(s) and the
copyright owner(s) are credited and
that the original publication in this
journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is
permitted which does not comply with
these terms.

Frontiers in Immunology

TyPE Original Research
PUBLISHED 07 October 2022
D01 10.3389/fimmu.2022.992819

Association of interferon-based
therapy with risk of
autoimmune diseases in patients
with chronic hepatitis C virus
infection: A population-based
Taiwanese cohort study

Shu-Ming Chou™, Hsing-Jung Yeh**!, Tzu-Min Lin*®,
Yu-Sheng Chang*®, Hui-Ching Hsu*’, Yu-Chuan Shen’,
Tzu-Tung Kuo?, Jin-Hua Chen®®!, Shu-Chuan Chen*°
and Chi-Ching Chang***

‘Department of Internal Medicine, Taipei Medical University Hospital, Taipei, Taiwan, ?Division of
Gastroenterology and Hepatology, Department of Internal Medicine, Taipei Medical University
Hospital, Taipei, Taiwan, *Division of Gastroenterology and Hepatology, Department of Internal
Medicine, School of Medicine, College of Medicine, Taipei Medical University, Taipei, Taiwan,
“Division of allergy, immunology and Rheumatology, Department of Internal Medicine, School of
Medicine, College of Medicine, Taipei Medical University, Taipei, Taiwan, °Division of Allergy,
Immunology and Rheumatology, Department of Internal Medicine, Taipei Medical University
Hospital, Taipei, Taiwan, ¢Division of Allergy, Immunology, and Rheumatology, Department of
Internal Medicine, Shuang Ho Hospital, Taipei Medical University, New Taipei City, Taiwan, ’Division
of Allergy, Immunology and Rheumatology, Department of Internal Medicine, Wan Fang Hospital,
Taipei Medical University, Taipei, Taiwan, ®Biostatistics Center, College of Management, Taipei
Medical University, Taipei, Taiwan, °Graduate Institute of Data Science, College of Management,
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Background: Interferon in combination with ribavirin has been the standard of
care for chronic hepatitis C virus infection (HCV) for the past few decades.
However, its effect on the risk of autoimmune diseases (ADs) among patients
with HCV infection remains unclear. We assessed the potential association
between interferon-based therapy (IBT) and AD risk in patients with HCV infection.

Methods: This retrospective cohort study identified patients diagnosed with
HCV infection between January 1, 2006, and December 31, 2015, from
Taiwan’'s National Health Insurance Research Database. In total, 16,029
patients with HCV infection who received IBT and 141,214 patients with HCV
infection who did not receive IBT were included. Both cohorts were followed
up to assess the development of ADs. Hazard ratios (HRs) were calculated using
the Cox proportional hazards regression model, which was adjusted for
potential confounders.

Results: The median follow-up period for IBT and non-IBT users was 4.53 and
3.34 years, respectively. No significant difference in the risk of overall ADs
(adjusted HR [aHR]: 0.96, 95% confidence interval [Cl]: 0.81-1.14) or systemic
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ADs (aHR: 0.88, 95% CI: 0.71-1.10) was noted during the study period.
However, a slight increase in the risk of organ-specific ADs was noted
among IBT users (incidence rate ratio: 1.33, 95% CI: 1.02-1.72). Furthermore,
analysis of AD subgroups revealed a significant increase in the risks of Graves’
disease (aHR: 6.06, 95% Cl: 1.27-28.8) and Hashimoto's thyroiditis (aHR 1.49,
95% CI 1.01-2.21) among IBT users.

Conclusions: IBT use increases the risk of autoimmune thyroid diseases
(Hashimoto's thyroiditis and Graves' disease) in patients with HCV infection
to a greater extent than non-IBT use.

KEYWORDS

hepatitis C virus, interferon-based therapy, autoimmune disease, Grave's disease,
Hashimoto thyroiditis

Introduction

Hepatitis C virus (HCV) is the causative agent of a type of
hepatitis, previously known as non-A, non-B hepatitis (1). More
than 71 million people worldwide are chronically infected with
HCV in 2015 (2). According to Taiwan’s National Health
Insurance Research Database (NHIRD), 400,000 hepatitis C
carriers existed in Taiwan till 2015. HCV infection predisposes
patients to hepatocellular carcinoma, liver failure, and liver
cirrhosis (3).

Chronic HCV infection can trigger an immune response in the
host. Thus, HCV infection is associated with numerous extrahepatic
disorders (4), such as type 2 mixed cryoglobulinemia and B-cell
lymphoma. Agnello et al. (5) found at least 36 extrahepatic disease
manifestations, mainly autoimmune disorders such as Sjogren’s
syndrome, systemic lupus erythematosus, autoimmune hemolytic
anemia, antiphospholipid syndrome, autoimmune hemolytic
anemia, Behcet’s syndrome, autoimmune thyroiditis and
dermatomyositis have been reported to be associated with HCV
infection. Sayiner et al. also reported 2%-38% of patients with HCV
infection have manifestations of rheumatological features and
associated with many autoimmune rheumatic disorders, such as
rheumatoid arthritis (RA) (6).

Type I interferons (IFNs) are cytokines and they exhibit
pleiotropic effects, such as the induction of inhibition of cell
growth, regulation of apoptosis, and cell-autonomous antiviral
resistance. Moreover, type I IFNs can regulate immune effector
functions and act as signals linking innate and adaptive immune
responses (7). IFN-o has become the cornerstone of antiviral therapy
for HCV infection since the 1980s. After the completion of antiviral
treatment, Pegylated IFNs can lead to a significant increase in a
sustained virologic response (8). Although direct-acting antiviral
agents are now becoming a popular and successful therapeutic
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option, the effect of IFN-based therapy (IBT) still needs to be
investigated. The occurrence of IFN-ai-associated autoimmunity
has been reported to range from 4% to 19% (9, 10). Furthermore,
autoimmune disorders, such as systemic lupus erythematosus (SLE),
RA, polymyositis psoriatic arthropathy, sarcoidosis, autoimmune
hemolysis, autoimmune thyroid disease, and immune
thrombocytopenia, may occur during IFN-o. therapy (8, 11).

Few studies have assessed the effect of IBT on the risk of
autoimmune diseases (ADs) in patients with HCV infection and
it is impossible to conduct a randomized clinical trial to know
the effect of IBT. Hence, we used reimbursement claims data
from NHIRD to examine the association between IBT for HCV
infection and the risk of ADs.

Materials and methods
Data sources

NHI program which covers more than 99% of Taiwan’s
population was launched in 1995 by the Taiwanese government
(12). The NHRI maintains and updates the NHIRD, which
contains the registration files and claims data of the beneficiaries
of the NHI program. After the NHRI approved this study, we were
able to assess the data of patients using scrambled patient
identification numbers. In this dataset, the diagnostic codes were
based on the International Classification of Diseases, Ninth
Revision, Clinical Modification (ICD-9-CM), and the diagnoses
were performed in accordance with the approved guidelines. Our
study was approved by the Taipei Medical University Institutional
Review Board (Approval Number N201908055). Informed consent
was not required due to the dataset contained deidentified
secondary data only for research purposes.
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Study design and participants

This retrospective cohort study was conducted using data
from the NHIRD. To ensure the validity and reliability of
diagnoses, only adult patients who received HCV infection
diagnoses (ICD-9-CM codes 070.41, 070.44, 070.51, 070.54,
and V02.62) that were confirmed by in an inpatient setting or
three or more ambulatory care claims. Patients who (1) were
diagnosed with HBV infection (2), were younger than 18 years
and had unknown age or sex (3), were diagnosed with ADs
before the index date (4), were diagnosed with ADs within 6
months after the index date (5), had a follow-up duration of less
than 6 months (6), were diagnosed with any form of cancer
within 1 year before the cohort entry date, and (7) received IBT
for less than 16 weeks were excluded from the study. The index
date was the first date of receiving IBT for the treated cohort.
The patients who never received IBT were consisted of untreated
cohort during the study period. Patients were followed up from
the entry date to the development of loss to follow-up, death,
ADs or the end of the study.

Interferon-based therapy exposure

Six months IBT for all HCV genotypes has been reimbursed
by the NHI Administration since October 1, 2 003. A
combination of IBT and ribavirin is most prescribed among
patients with HCV infection (97.8%) (13). The IBT regimen in
our study consisted of a combination of pegylated IFN-o.-2b
(including the non-pegylated form) and ribavirin according to
Anatomical Therapeutic codes. The duration of antiviral therapy
ranged from 24 to 48 weeks.

Outcome measurement and
comorbidities

Enrolled patients were observed up until occurrence of the
interest outcomes and the end of the study. They were followed
up for AD outcomes included systemic ADs (many different
organs and tissues is targeted by immune system)and organ-
specific ADs(a particular organ or tissue is targeted by immune
system): Patients with systemic ADs were identified by Registry
for Catastrophic Illness Patient Database (RCIPD) for the
following diseases: SLE (ICD-9-CM code 710.0); RA (ICD-9-
CM code 714.0); SSc (ICD-9-CM code 710.1); primary SjS (ICD-
9-CM code 710.2); PM/DM (ICD-9-CM code 710.4/710.3); and
Takayasu arteritis (ICD-9-CM code 446.7), temporal arteritis
(ICD-9-CM code 446.5), polyarteritis nodosa (ICD-9-CM code
446.0), myasthenia gravis (ICD-9-CM code 358.0), and IBD
(ICD-9-CM code 555.9). Takayasu arteritis, temporal arteritis,
and polyarteritis nodosa are types of systemic vasculitis. In

Frontiers in Immunology

03

10.3389/fimmu.2022.992819

addition, we excluded patients with comorbidities such as
systemic lupus erythematous, rheumatoid arthritis,
scleroderma, polymyositis, dermatomyositis and HCV
infection to limit our study sample to pSS. The following
organ-specific ADs without catastrophic illness certification
were identified using ICD-9-CM codes that appeared once in
the discharge diagnosis for hospitalized patients or thrice within
a year in outpatient diagnoses: ankylosing spondylitis (ICD-9-
CM code 720.0), and psoriasis (ICD-9-CM code 696), type 1
diabetes mellitus (ICD-9-CM code 250.01), autoimmune
hemolytic anemia (ICD-9-CM code 283.0), Addison’s disease
(ICD-9-CM code 255), Graves’ disease (ICD-9-CM code 242.0),
Henoch-Schénlein purpura (ICD-9-CM code 287.0),
Hashimoto’s thyroiditis (ICD-9-CM code 245.2).

For each patient, comorbidities were assessed using the
Charlson comorbidity index (CCI) score. The CCI categorizes
comorbidities based on the ICD diagnosis codes found in
administrative data, such as hospital abstract data.

Statistical analysis

The incidence rates of ADs were estimated during the
follow-up period in patients who received pegylated IFN o-2b
and in those who did not. In addition, the incidence rate ratio
(IRR) was calculated to assess the unadjusted risk of AD
occurrence in the two groups. The confidence intervals (Cls)
of IRRs were calculated using Poisson distribution and test-
based methods. We used Cox proportional hazards regression
model to estimate the adjusted hazard ratios (aHRs) and 95%
CIs. In the Cox regression model, the aHRs were adjusted for
sex, age, and comorbidities. We used the Kaplan-Meier
estimator to assess the cumulative incidence of overall ADs,
organ-specific ADs, and systemic ADs, and p < 0.05 was
considered statistically significant. We used Student’s ¢ test and
Pearson’s chi-squared test, respectively to analyze the baseline
characteristics, differences in continuous and categorical
variables between the groups. We considered the all results of
statistical analyses are significant at p < 0.05. SAS 9.4 and R 3.6.3
were used for the analyses.

Results

Baseline characteristics of the IBT and
non-IBT groups

As shown in Figure 1, in this study, 325,799 patients
diagnosed with HCV infection between January 1, 2006, and
December 31, 2015, were identified. Patients who (1) were
diagnosed with HBV infection (n = 260,260) (2), were
diagnosed with AD before the index date (n = 260,178) (3),
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2006-2015 NHIRD

v

Patients with HCV infection identified
(N=325,799)

(0=258,937)

[Exclude Criteria]

1. Patients with HBV infection (n=260,260)
2. ADs diagnosis before the index date (n=260,178)

3. Gender and age unknown, Age was less than 18 years old

4. Patients with cancer identified (n=196,663)

5. Developed ADs within 6 months after the index date (n=196,285)
6. Lost to follow-up within 6 months after the index date (n=160,433)
7. Received antiviral therapy for less than 16 weeks (n=157,243)

A4

[ Case Group]

HCV Patients with interferon-
based antiviral therapy

(N =16,029)

HCV Patients without interferon-

[ Comparison Group]

based antiviral therapy
(N =141,214)

FIGURE 1

Flow Chart for Study Design. AD, autoimmune disease; HCV, hepatitis C virus; NHIRD, National Health Insurance Research Database.

had unknown sex or age or were aged less than 18 years (n =
258,937) (4), had cancer (n = 196,663) (5), were diagnosed with
ADs within 6 months after the index date (n = 196,285) (6), were
lost to follow-up within 6 months after the index date (n =
160,433), and (7) received antiviral therapy for less than 16 weeks
(n=157,243) were excluded from this study. After excluding these
patients, a total of 16,029 patients with HCV infection who
received IBT were included in the IBT group (case group), and
141,214 patients with HCV infection who did not receive IBT
were included in the non-IBT group (comparison or control
group). The non-IBT group had higher mean CCI scores and a
higher number of male patients than the IBT group (Table 1).

IRR and HR of the risk of ADs between
the IBT and non-IBT groups

Table 2 presents the incidence of ADs in the two groups. During
the study period, no significant difference in the risk of overall ADs
(IRR: 1.10, 95% CI: 0.93-1.29; aHR: 0.96, 95% CI: 0.81-1.14) or
systemic ADs (IRR: 0.99,95% CI: 0.80-1.21;aHR: 0.88,95% CI: 0.71-
1.10) was noted between the groups. By contrast, the IBT group had a
higher risk of organ-specific ADs (IRR: 1.33,0.99, 95% CI: 1.02-1.72).
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IRR and HR of the risk of AD subtypes
between the IBT and non-IBT groups

Regarding organ-specific ADs, the incidence rates of Graves’
disease (IRR: 8.67, 95% CI: 1.94-38.7; aHR: 8.67, 95% CI: 1.94-
38.7) and Hashimoto’s thyroiditis (IRR: 1.71, 95% CI: 1.17-2.50;
aHR: 1.49, 95% CI: 1.01-2.21) were significantly higher in the
IBT group than in the non-IBT group (Table 3). No significant
difference was noted in the incidence of systemic ADs between
the two groups (Table 4).

Comparison of cumulative incidence of
organ-specific ADs between the IBT and
non-IBT groups

A comparison of the cumulative incidence of organ-specific
ADs between the IBT and non-IBT groups is presented in
Figure 2. The Kaplan-Meier estimates of organ-specific AD-
free survival revealed a significantly higher incidence rate of
organ-specific ADs in the IBT group than in the non-IBT group
(Graves’ disease, Figure 2A; Hashimoto’s thyroiditis, Figure 2B).
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TABLE 1 Baseline Characteristics of IBT and Non-IBT Group.

IBT group (N = 16029)

Gender

Female 7784 (48.56%)
Male 8245 (51.44%)
Age Group

18-30 540 (3.37%)
31-40 1782 (11.12%)
41-50 3452 (21.54%)
51-60 5708 (35.61%)
61-70 3659 (22.83%)
71-80 857 (5.35%)
> 80 31 (0.19%)
Mean (SD) 53.48 (11.51)
Median (IQR) 55 (15)
CCI Score

0 3201 (19.97%)
1 8273 (51.61%)
2 3318 (20.70%)
3 744 (4.64%)
>=4 493 (3.08%)
Mean (SD) 1.23 (1.08)
Median (IQR) 1(1)
Follow up time

Mean (SD) 4.53 (2.40)
Median (IQR) 441 (3.39)

CClI, Charlson comorbidity index; IBT, interferon-based therapy.

10.3389/fimmu.2022.992819

Non-IBT group (N = 141214) P-Value

<.0001
71692 (50.77%)
69522 (49.23%)
<0001
5493 (3.25%)
14338 (10.15%)
23520 (16.66%)
34864 (24.69%)
30353 (21.49%)
23776 (16.84%)
9770 (6.92%)
58.43 (15.02) <.0001
59 (22) <0001
<.0001
61495 (43.55%)
46756 (33.11%)
20146 (14.27%)
6875 (4.87%)
5942 (4.21%)
0.98 (1.24) <.0001
1(1) <.0001

334 (2.31) <0001
2.79 (3.48) <0001

Discussion patients with HCV infection who received IBT did not have
an increased risk of overall ADs or systemic ADs but had a

To the best of our knowledge, this is the largest study to slightly increased risk of organ-specific ADs. Furthermore, the
assess the association between IBT and the risk of ADs in IBT group had a significantly increased risk of autoimmune
patients with HCV infection. Our findings revealed that thyroid diseases (Graves’ disease and Hashimoto’s thyroiditis).

TABLE 2 Incidence Rate Ratio and Hazard Rate of the Risk of ADs between IBT and non-IBT group.

Event Person Year IncidenceRatet

Overall ADs

IBT Group 169 72538.54 232.98
Non-IBT Group 1000 472137.61 211.80
Organ-Specified ADs

IBT Group 68 72799.57 93.41
Non-IBT Group 333 473678.61 70.30
Systemic ADs

IBT Group 102 72746.42 140.21
Non-IBT Group 673 472902.14 142.31

IRR aHR
1.10 (0.93-1.29) 0.96 (0.81-1.14)
Ref. Ref.
1.33 (1.02-1.72)* 1.10 (0.84-1.43) I~
Ref. Ref.
0.99 (0.80-1.21) 4 0.88 (0.71-1.10) L
Ref. Ref.
IRR aHR

IR, incidence rate was incidences of per 100,000 person-years. HR, hazard ratio; aHR, adjusted hazard ratio; CI, confidence interval.

*P <0.05.
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TABLE 3 Incidence Rate Ratio and Hazard Rate of the Risk of subgroup ADs between IBT and non-IBT group.

Addison’s disease
IBT Group
Non-IBT Group

Event

0
1

Autoimmune hemolytic anemia

IBT Group

Non-IBT Group

DM Type I

IBT Group

Non-IBT Group
Graves’ disease

IBT Group

Non-IBT Group
Hashimoto’s thyroiditis
IBT Group

Non-IBT Group
Henoch-Schonlein purpura
IBT Group

Non-IBT Group

6
30

19
112

34
129

37

Person Year

73009.17
474449.96

72991.22
474390.59

72948.69
474196.08

72999.83
474441.99

72900.38
474111.38

73001.99
474381.40

IncidenceRatet

0.00
0.21

8.22
6.32

26.05
23.62

5.48
0.63

46.64
27.21

5.48
7.80

IRR

N.A
Ref.

1.30 (0.54-3.12)
Ref.

1.10 (0.68-1.79)
Ref.

8.67 (1.94-38.7)**
Ref.

1.71 (1.17-2.50)**
Ref.

0.70 (0.25-1.97)
Ref.

I T T T T TTT
01234567829

IRR

aHR

N.A
Ref.

1.19 (0.47-2.96)
Ref.

0.83 (0.50-1.37)
Ref.

6.06 (1.27-28.8)*
Ref.

1.49 (1.01-2.21)*
Ref.

0.59 (0.20-1.67)
Ref.

rrrrrrrrrri
01234567879

aHR

(Continued)

1839 noyd

6182662202 hWwiy/68¢¢°0T


https://doi.org/10.3389/fimmu.2022.992819
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

ABojounwiwi| Ul s1313U0I4

L0

Bioruisianuosy

TABLE 3 Continued

Event Person Year IncidenceRatet IRR aHR
Immune thrombocytopenic purpura
IBT Group 0 73009.17 0.00 N.A N.A
Non-IBT Group 0 474450.33 0.00 Ref. Ref.
Lupoid hepatitis
IBT Group 0 73009.17 0.00 N.A N.A
Non-IBT Group 0 474450.33 0.00 Ref. Ref.
Myasthenia gravis
IBT Group 0 73009.17 0.00 N.A N.A
Non-IBT Group 17 474413.93 3.58 Ref. Ref.
Inflammatory bowel disease
IBT Group 1 73003.04 1.37 1.08 (0.13-8.99) 1.53 (0.17-13.7)
Non-IBT Group 6 474439.44 1.26 Ref. T Ref. T
Ankylosing Spondylitis
IBT Group 54 72886.06 74.09 0.98 (0.74-1.31) 0.84 (0.63-1.13)
Non-IBT Group 357 473684.09 75.37 Ref. T Ref. -T
Psoriasis
IBT Group 0 73009.17 0.00 N.A N.A
Non-IBT Group 5 474435.43 1.05 Ref. Ref.
T T
1 2 3 1 2 3
IRR Adj. HR

IR, incidence rate was incidences of per 100,000 person-years. HR, hazard ratio; aHR, adjusted hazard ratio; CI, confidence interval.

**P <0.01.
NA, not available.
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TABLE 4 Incidence Rate Ratio and Hazard Ratio of the Risk of systemic ADs between IBT and non-IBT group.
Event Person Year IncidenceRatet IRR aHR
Polymyositis/dermatomyositis
IBT Group 0 73009.17 0.00 N.A N.A
Non-IBT Group 7 474442.69 1.48 Ref. Ref.
Rheumatoid arthritis
IBT Group 18 72946.54 24.68 1.04 (0.63-1.70) - 0.91 (0.55-1.52) -
Non-IBT Group 113 474132.51 23.83 Ref. Ref.
Primary Sjogren’s syndrome
IBT Group 28 72940.62 38.39 1.12 (0.75-1.68) —1— 1.06 (0.70-1.60) —_
Non-IBT Group 162 474072.65 34.17 Ref. Ref.
Systemic lupus erythematosus
IBT Group 2 73000.58 2.74 0.39 (0.09-1.64) R 0.38 (0.09-1.62) P
Non-IBT Group 33 474384.46 6.96 Ref. Ref.
Systemic sclerosis
IBT Group 1 73006.74 1.37 0.81 (0.10-6.49) 0.94 (0.11-7.97)
Non-IBT Group 8 474436.63 1.69 Ref. ] Ref. R
Systemic vasculitis
IBT Group 0 73009.17 0.00 N.A N.A
Non-IBT Group 1 474444.39 0.21 Ref. Ref.
| I R B | | B E—
0 1 2 3 0 1 2 3
IRR aHR

IR, incidence rate was incidences of per 100,000 person-years. HR, hazard ratio; aHR, adjusted hazard ratio; CI, confidence interval; NA, not available.

Chronic HCV infection can increase the risk of autoimmune
thyroid diseases (14-16). However, our findings suggested that
patients with HCV infection who were treated with IBT had a
higher risk of autoimmune thyroid diseases than those who were
not treated with IBT. A recent study using the NHIRD also
reported a higher incidence rate of thyroid dysfunction among
IFN-treated patients than among untreated patients with
chronic HCV (17).

In a previous study, the incidence rate of thyroid disease was
slightly higher than that of other ADs in patients receiving IBT

(18). Among patients with HCV infection who were treated with
IFNs, approximately 1.7% developed hypothyroidism and 0.6%
developed hyperthyroidism (18). In another study, the incidence
rate of thyroid disease after IBT was approximately 13.3% (19).

Tomer, Y. et al. reported that both immune-mediated and
direct effects of IFN-ot on thyroid function are involved in the
mechanism of IFN-induced thyroiditis (20). Several pathways
can underlie the immune-mediated effects of IFN-o. In
particular, IFN-o. receptor activation leads to the activation of
the JAK-STAT pathway (21), resulting in the activation of

A Graves’ disease
Cumulative Incidence of Graves’ disease
0.0003
0.00025
0.0002
0.00015
0.0001
0.00005

0
0 1000

Cumulative Incidence
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numerous IFN-stimulated genes, including those encoding
cytokines and adhesion molecules (19, 20). These effects can
induce thyroid autoimmunity. IFN-o can increase the
expression of major histocompatibility complex class I
antigens on thyroid epithelial cells (22), which can lead to the
activation of cytotoxic T cells and result in tissue damage and
inflammatory response (23).

IFN-o can also shift the immune response to a T helper cell
type 1 (Thl)-mediated pattern (24), leading to an increase in the
production of IFN-y and interleukin (IL)-2 (25). Ribavirin, an
oral guanosine analog frequently used in combination with IFN
to improve response and decrease relapse, may also alter the
immune response (26). Moreover, IBT may result in
autoimmune thyroiditis by enhancing the activity of
lymphocytes, macrophages, and natural killer cells (23, 27-29);
activating neutrophils and lymphocytes (20); inducing the
release of IL-6 (23); and decreasing T-regulatory cell function
by affecting the production of immunoglobulin (30, 31).

Hashimoto’s thyroiditis is a hypothyroidism-related disease.
Although it is a Th1-mediated disease, it is also associated with
the Th2 response. Hypothyroidism has been reported in patients
with HCV infection (32). In a recent study assessing the thyroid
function of patients with HCV infection who received IBT for
24-48 weeks, hypothyroidism was found to be the most frequent
thyroid disease (33). Genetic and environmental factors play an
important role in the occurrence of thyroid disease (19, 34).

Graves’ disease is a hyperthyroidism-related disease that is
driven by the humoral immune response and Th2 cytokines.
Although it is an antibody-mediated disease, it is predominantly
a Thl-type cytokine disease (35). Therefore, Graves’ disease and
Hashimoto’s thyroiditis have many common features. In both
the diseases, the autoimmune response comprises both Th1 and
Th2 types. Therefore, these diseases may be noted in patients
with HCV infection who receive IBT.

Other ADs, such as RA, psoriasis, and polymyositis, have
also been reported in patients with HCV infection who are
treated with IFN-a. (10, 36, 37). In addition, SLE is a frequently
reported autoimmune rheumatic manifestation associated with
IFN-0. therapy. Despite many reports have been anecdotal (38-
41), a few studies with large study groups have reported that the
frequency of IFN-o-induced SLE ranges from 0.15% (10) to
0.7% (42). By contrast, none of the systemic ADs exhibited a
higher risk in the IBT group than in the non-IBT group in
our study.

With Regard to a mechanistic perspective, IFN-a is
characterized by increased numbers of circulating autoreactive
B and T cells (43). IFN-o therapy can tilt the usually tightly
controlled balance toward the activation of these autoreactive
cells through a vast array of mechanisms (7). Genetic
susceptibility factors determine the type of autoimmunity to be
developed. The expression of numerous target genes in antigen-
presenting cells (APCs) is induced by IFN-c.. As a consequence,
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stimulated APCs enhance promote isotype switching, potently
activate autoreactive T cells (44) and humoral autoimmunity. In
addition, T-cell autoreactivity by directly promoting T-cell
activation and keeping activated T cells alive can be
synergistically amplified by IFN-o (7). Type I IFN genes
confer dominant disease resistance and trigger autoimmunity
in genetically susceptible host (7).

Although our results demonstrated that the standard
interferon-based treatment is associated with an increase of
the immune-mediated thyroid damage. Autoimmune thyroid
diseases are also common in HCV infected patients (45). The
HCV is one of the most important viruses associated with
autoimmune diseases. HCV may interfere with the
mechanisms of self-recognition and functions both on thyroid
cells and the immune system (45), where HCV may mimic the
structure of some components of thyroid gland or directly
destroy thyroid tissue, starting the autoimmune disease.
In fact, the lymphoid tissue is a site for the persistence of
the infection and chronic immune stimulus, HCV has a
significant lymphotropism (46, 47, 48). The chronic
stimulation results in: anti-apoptotic effects, autoantibody
production, increased cytokine and chemokine secretion and
drive for autoimmunity (45).

The strengths of our study include long-term assessment of
concurrent ADs, large validation cohort and the large sample
size. However, some limitations of our study should be
addressed. First, the possibility of misclassification or
miscoding cannot be completely ruled out, although the
Bureau of NHI randomly and routinely checks patient charts
to ensure the quality of claims from all medical institutions.
Second, the relationship between the severity of ADs and disease
activity in IBT-treated patients with HCV infection could not be
analyzed. Third, there is still a possibility of unmeasurable bias
given the observational nature of this study, although we used
many methods to avoid potential confounders. Finally,
some clinical and laboratory data were not available in the
administrative database. Additional studies are needed to
investigate this association.

In conclusion, our findings revealed that IBT in patients with
HCV infection may increase the risk of autoimmune thyroid
diseases (Graves’ disease and Hashimoto’s thyroiditis).
Therefore, the development of ADs, particularly Graves’
disease and Hashimoto’s thyroiditis, must be monitored in
patients receiving IBT. Further mechanistic research should
also be conducted.

Data availability statement

The original contributions presented in the study are
included in the article/supplementary material. Further
inquiries can be directed to the corresponding author.

frontiersin.org


https://doi.org/10.3389/fimmu.2022.992819
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Chou et al.

Ethics statement

This study was reviewed and approved by Taipei Medical
University Institutional Review Board (Approval Number
N201908055). Written informed consent for participation was
not required for this study in accordance with the national
legislation and the institutional requirements.

Author contributions

S-MC and H-JY designed research, wrote paper and final
approval of the submitted version. T-ML, Y-SC, H-CH, Y-CS, T-
TK and S-CC contributed to the data analysis, and final approval
of the submitted version. J-HC and C-CC were responsible for
the study conception and design, critical article revision for
crucial intellectual content, and correspondence regarding the
final approval of the submitted version. All authors contributed
to the article and approved the submitted version.

References

1. Choo Q, Kuo G, Weiner AJ, Overby LR, Bradley DW, Houghton M, et al.
Isolation of a cDNA clone derived from a blood-borne non-a, non-b viral hepatitis
genome. Science (1989) 244(4902):359-62. doi: 10.1126/science.2523562

2. Blach S, Zeuzem S, Manna M, Altraif I, Duberg AS, Muljono DH, et al. Global
prevalence and genotype distribution of hepatitis ¢ virus infection in 2015: A
modelling study. Lancet Gastroenterol Hepatol (2017) 2(3):161-76. doi: 10.1016/
$2468-1253(16)30181-9

3. Messina JP, Humphreys I, Flaxman A, Brown A, Cooke GS, Pybus OG, et al.
Global distribution and prevalence of hepatitis ¢ virus genotypes. Hepatology
(2015) 61(1):77-87. doi: 10.1002/hep.27259

4. Zignego AL, Ferri C, Pileri SA, Caini P, Bianchi FB. Extrahepatic
manifestations of hepatitis ¢ virus infection: A general overview and guidelines
for a clinical approach. Digestive Liver Dis (2007) 39(1):2-17. doi: 10.1016/
j.d1d.2006.06.008

5. Agnello V, De Rosa FG. Extrahepatic disease manifestations of HCV infection:
some current issues. ] Hepatol (2004) 40(2):341-52. doi: 10.1016/j.jhep.2003.10.009

6. Sayiner ZA, Haque U, Malik MU, Gurakar A. Hepatitis ¢ virus infection and
its rheumatologic implications. Gastroenterol Hepatol (N Y) (2014) 10(5):287-93.

7. Conrad B. Potential mechanisms of interferon-alpha induced autoimmunity.
Autoimmunity (2003) 36:519-23. doi: 10.1080/08916930310001602137

8. Pockros PJ, Jensen D, Tsai N, Taylor R, Ramji A, Cooper C, et al. JUMP-c: A
randomized trial of mericitabine plus pegylated interferon alpha-2a/ribavirin for 24
weeks in treatment-naive HCV genotype 1/4 patients. Hepatology (2013) 58
(2):514-23. doi: 10.1002/hep.26275

9. Gota C, Calabrese L. Induction of clinical autoimmune disease by therapeutic
interferon-o. Autoimmunity (2003) 36(8):511-8. doi: 10.1080/
08916930310001605873

10. Okanoue T, Sakamoto S, Itoh Y, Minami M, Yasui K, Sakamoto M, et al.
Side effects of high-dose interferon therapy for chronic hepatitis c. ] Hepatol (1996)
25(3):283-91. doi: 10.1016/S0168-8278(96)80113-9

11. Ioannou Y, Isenberg DA. Current evidence for the induction of autoimmune
rheumatic manifestations by cytokine therapy. Arthritis Rheum (2000) 43:1431-42.
doi: 10.1002/1529-0131(200007)43:7<1431::AID-ANR3>3.0.CO;2-E

12. NHRI National health insurance research database. Available at: https://
nhird.nhri.org.tw/.

13. Hsu CS, Kao JH, Chao YC, Lin HH, Fan YC, Huang CJ, et al. Interferon-
based therapy reduces risk of stroke in chronic hepatitis ¢ patients: A population-
based cohort study in Taiwan. Aliment Pharmacol Ther (2013) 38:415-23. doi:
10.1111/apt.12391

Frontiers in Immunology

10

10.3389/fimmu.2022.992819

Acknowledgments

This manuscript was edited by Wallace Academic Editing.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

14. Jadali Z, Alavian S-M. Autoimmune diseases co-existing with hepatitis ¢
virus infection. Iranian J allergy asthma Immunol (2010) 9(4):191-206.

15. TESTA A. Prevalence of HCV antibodies in autoimmune thyroid disease.
Eur Rev Med Pharmacol Sci (2006) 10:183-6.

16. Ganne-Carrie N, Medini A, Coderc E, Seror O, Christidis C, Grimbert S,
et al. Latent autoimmune thyroiditis in untreated patients with HCV chronic
hepatitis: a case-control study. ] Autoimmun (2000) 14(2):189-93. doi: 10.1006/
jaut.1999.0360

17. Chang Y-K, Tseng YT, Chen KH, Chen KT. Long-term outcomes and risk
factors of thyroid dysfunction during pegylated interferon and ribavirin treatment
in patients with chronic hepatitis ¢ infection in Taiwan. BMC Endocr Disord (2019)
19(1):36. doi: 10.1186/s12902-019-0362-7

18. Ioannou Y, Isenberg DA. Current evidence for the induction of autoimmune
rheumatic manifestations by cytokine therapy. Arthritis Rheumatism (2000) 43
(7):1431-42. doi: 10.1002/1529-0131(200007)43:7<1431::AID-ANR3>3.0.CO;2-E

19. Lenzi M, Johnson PJ, McFarlane IG, Ballardini G, Smith HM, McFarlane
BM, et al. Antibodies to hepatitis ¢ virus in autoimmune liver disease: Evidence for
geographical heterogeneity. Lancet (1991) 338(8762):277-80. doi: 10.1016/0140-
6736(91)90418-O

20. Tomer Y, Blackard JT, Akeno N. Interferon alpha treatment and thyroid
dysfunction. Endocrinol Metab Clin North Am (2007) 36(4):1051-66; x-xi. doi:
10.1016/j.ec1.2007.07.001

21. Nguyen KB, Watford WT, Salomon R, Hofmann SR, Pien GC, Morinobu A,
et al. Critical role for STAT4 activation by type 1 interferons in the interferon-
gamma response to viral infection. Science (2002) 297(5589):2063-6. doi: 10.1126/
science.1074900

22. You X, Teng W, Shan Z. Expression of ICAM-1, B7.1 and TPO on human
thyrocytes induced by IFN-alpha. Chin Med J (Engl) (1999) 112(1):61-6.

23. Corssmit EP, de Metz ], Sauerwein HP, Romijn JA. Biologic responses to
IFN-alpha administration in humans. J Interferon Cytokine Res (2000) 20
(12):1039-47. doi: 10.1089/107999000750053690

24. Farrar JD, Murphy KM. Type I interferons and T helper development.
Immunol Today (2000) 21(10):484-9. doi: 10.1016/S0167-5699(00)01710-2

25. Tilg H. New insights into the mechanisms of interferon alfa: An
immunoregulatory and anti-inflammatory cytokine. Gastroenterology (1997) 112
(3):1017-21. doi: 10.1053/gast.1997.v112.pm9041265

26. Thomas E, Ghany MG, Liang TJ. The application and mechanism of action
of ribavirin in therapy of hepatitis c. Antiviral Chem Chemother (2012) 23(1):1-12.
doi: 10.3851/IMP2125

frontiersin.org


https://doi.org/10.1126/science.2523562
https://doi.org/10.1016/S2468-1253(16)30181-9
https://doi.org/10.1016/S2468-1253(16)30181-9
https://doi.org/10.1002/hep.27259
https://doi.org/10.1016/j.dld.2006.06.008
https://doi.org/10.1016/j.dld.2006.06.008
https://doi.org/10.1016/j.jhep.2003.10.009
https://doi.org/10.1080/08916930310001602137
https://doi.org/10.1002/hep.26275
https://doi.org/10.1080/08916930310001605873
https://doi.org/10.1080/08916930310001605873
https://doi.org/10.1016/S0168-8278(96)80113-9
https://doi.org/10.1002/1529-0131(200007)43:7%3C1431::AID-ANR3%3E3.0.CO;2-E
https://nhird.nhri.org.tw/
https://nhird.nhri.org.tw/
https://doi.org/10.1111/apt.12391
https://doi.org/10.1006/jaut.1999.0360
https://doi.org/10.1006/jaut.1999.0360
https://doi.org/10.1186/s12902-019-0362-7
https://doi.org/10.1002/1529-0131(200007)43:7%3C1431::AID-ANR3%3E3.0.CO;2-E
https://doi.org/10.1016/0140-6736(91)90418-O
https://doi.org/10.1016/0140-6736(91)90418-O
https://doi.org/10.1016/j.ecl.2007.07.001
https://doi.org/10.1126/science.1074900
https://doi.org/10.1126/science.1074900
https://doi.org/10.1089/107999000750053690
https://doi.org/10.1016/S0167-5699(00)01710-2
https://doi.org/10.1053/gast.1997.v112.pm9041265
https://doi.org/10.3851/IMP2125
https://doi.org/10.3389/fimmu.2022.992819
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Chou et al.

27. Aulitzky WE, Tilg H, Vogel W, Aulitzky W, Berger M, Gastl G, et al. Acute
hematologic effects of interferon alpha, interferon gamma, tumor necrosis factor
alpha and interleukin 2. Ann Hematol (1991) 62(1):25-31. doi: 10.1007/BF01714980

28. Corssmit EP, Heijligenberg R, Hack CE, Endert E, Sauerwein HP, Romijn
JA. Effects of interferon-alpha (IFN-alpha) administration on leucocytes in healthy
humans. Clin Exp Immunol (1997) 107(2):359-63. doi: 10.1111/j.1365-
2249.1997.269-cel161.x.

29. Pfeffer LM, Dinarello CA, Herberman RB, Williams BR, Borden EC,
Bordens R, et al. Biological properties of recombinant alpha-interferons: 40th
anniversary of the discovery of interferons. Cancer Res (1998) 58(12):2489-99.

30. Lindahl P, Leary P, Gresser I. Enhancement by interferon of the expression
of surface antigens on murine leukemia 1 1210 cells. Proc Natl Acad Sci U.S.A.
(1973) 70(10):2785-8. doi: 10.1073/pnas.70.10.2785

31. Krause I, Valesini G, Scrivo R, Shoenfeld Y. Autoimmune aspects of
cytokine and anticytokine therapies. Am ] Med (2003) 115(5):390-7. doi:
10.1016/S0002-9343(03)00390-5

32. Marazuela M, Garcia-Buey L, Gonzalez-Fernandez B, Garcia-Monzon C,
Arranz A, Borque M]J, et al. Thyroid autoimmune disorders in patients with
chronic hepatitis ¢ before and during interferon-o therapy. Clin Endocrinol (1996)
44(6):635-42. doi: 10.1046/j.1365-2265.1996.751768.x

33. Pavan MH, Pavin EJ, Gongales FL Jr, Zantut-Wittmann DE. Virus ¢ genotype
predisposes to primary hypothyroidism during interferon-ot treatment for chronic
hepatitis c. Braz ] Infect Dis (2011) 15(5):449-56. doi: 10.1590/S1413-86702011000500006

34. Minelli R, et al. Effects of excess iodine administration on thyroid function
in euthyroid patients with a previous episode of thyroid dysfunction induced by
interferon-alpha treatment. Clin Endocrinol (1997) 47(3):357-61. doi: 10.1046/
j.1365-2265.1997.2721081.x

35. Rapoport B, McLachlan SM. Graves’” hyperthyroidism is antibody-mediated
but is predominantly a Th1-type cytokine disease. J Clin Endocrinol Metab (2014)
99(11):4060-1. doi: 10.1210/jc.2014-3011

36. Fattovich G, Giustina G, Favarato S, Ruol A. A survey of adverse events in 11
241 patients with chronic viral hepatitis treated with alfa interferon. J Hepatol
(1996) 24(1):38-47. doi: 10.1016/S0168-8278(96)80184-X

37. Kilkner KM, Rénnblom L, Karlsson Parra AK, Bengtsson M, Olsson Y,
Oberg K. Antibodies against double-stranded DNA and development of
polymyositis during treatment with interferon. QJM: Int J Med (1998) 91
(6):393-9. doi: 10.1093/qjmed/91.6.393

Frontiers in Immunology

11

10.3389/fimmu.2022.992819

38. Tolaymat A, Leventhal B, Sakarcan A, Kashima H, Monteiro C. Systemic
lupus erythematosus in a child receiving long-term interferon therapy. J Pediatr
(1992) 120:429-32. doi: 10.1016/50022-3476(05)80913-8

39. Schilling PJ, Kurzrock R, Kantarjian H, Gutterman JU, Talpaz M.
Development of systemic lupus erythematosus after interferon therapy for
chronic myelogenous leukemia. Cancer (1991) 68:1536-7. doi: 10.1002/1097-
0142(19911001)68:7<1536::AID-CNCR2820680713>3.0.CO;2-B

40. Flores A, Olive” A, Feliu E, Tena X. Systemic lupus erythematosus following
interferon therapy [letter]. Br J Rheumatol (1994) 33:787. doi: 10.1093/
rheumatology/33.8.787

41. Conlon KC, Urba WJ, Smith JWD, Steis RG, Longo DL, Clark JW.
Exacerbation of symptoms of autoimmune disease in patient receiving alpha-
interferon therapy. Cancer (1990) 65:2237- 42. doi: 10.1002/1097-0142(19900515)
65:10<2237::AID-CNCR2820651013>3.0.CO;2-5

42. Ronnblom LE, Alm GV, Oberg KE. Autoimmunity after alpha interferon
therapy for malignant carcinoid tumors. Ann Intern Med (1991) 115:178-83. doi:
10.7326/0003-4819-115-3-178

43. Le Bon A, Tough DF. Links between innate and adaptive immunity via type
I interferon. Curr Opin Immunol (2002) 14(4):432-6. doi: 10.1016/S0952-7915(02)
00354-0

44. Santini SM, Lapenta C, Logozzi M, Parlato S, Spada M, Di Pucchio T, et al.
Type I interferon as a powerful adjuvant for monocyte-derived dendritic cell
development and activity in vitro and in hu-PBL-SCID mice. ] Exp Med (2000) 191
(10):1777-88. doi: 10.1084/jem.191.10.1777

45. Pastore F, Martocchia A, Stefanelli M, Prunas P, Giordano S, Toussan L,
et al. Hepatitis ¢ virus infection and thyroid autoimmune disorders: A model of
interactions between the host and the environment. World ] Hepatol (2016) 8
(2):83-91. doi: 10.4254/wjh.v8.i2.83

46. Ferri C, Antonelli A, Mascia MT, Sebastiani M, Fallahi P, Ferrari D, et al.
HCV-related autoimmune and neoplastic disorders: The HCV syndrome. Dig Liver
Dis (2007) 39(Suppl):S13-21. doi: 10.1016/S1590-8658(07)80005-3

47. Calvaruso V, Craxi A. Immunological alterations in hepatitis ¢ virus
infection. World J Gastroenterol (2013) 19:8916-23. doi: 10.3748/wjg.v19.i47.8916

48. Roti E, Minelli R, Giuberti T, Marchelli S, Schianchi C, Gardini E, et al.
Multiple changes in thyroid function in patients with chronic active HCV hepatitis
treated with recombinant interferon-alpha. Am J Med (1996) 101(5):482-7. doi:
10.1016/S0002-9343(96)00259-8

frontiersin.org


https://doi.org/10.1007/BF01714980
https://doi.org/10.1111/j.1365-2249.1997.269-ce1161.x.
https://doi.org/10.1111/j.1365-2249.1997.269-ce1161.x.
https://doi.org/10.1073/pnas.70.10.2785
https://doi.org/10.1016/S0002-9343(03)00390-5
https://doi.org/10.1046/j.1365-2265.1996.751768.x
https://doi.org/10.1590/S1413-86702011000500006
https://doi.org/10.1046/j.1365-2265.1997.2721081.x
https://doi.org/10.1046/j.1365-2265.1997.2721081.x
https://doi.org/10.1210/jc.2014-3011
https://doi.org/10.1016/S0168-8278(96)80184-X
https://doi.org/10.1093/qjmed/91.6.393
https://doi.org/10.1016/S0022-3476(05)80913-8
https://doi.org/10.1002/1097-0142(19911001)68:7%3C1536::AID-CNCR2820680713%3E3.0.CO;2-B
https://doi.org/10.1002/1097-0142(19911001)68:7%3C1536::AID-CNCR2820680713%3E3.0.CO;2-B
https://doi.org/10.1093/rheumatology/33.8.787
https://doi.org/10.1093/rheumatology/33.8.787
https://doi.org/10.1002/1097-0142(19900515)65:10%3C2237::AID-CNCR2820651013%3E3.0.CO;2-5
https://doi.org/10.1002/1097-0142(19900515)65:10%3C2237::AID-CNCR2820651013%3E3.0.CO;2-5
https://doi.org/10.7326/0003-4819-115-3-178
https://doi.org/10.1016/S0952-7915(02)00354-0
https://doi.org/10.1016/S0952-7915(02)00354-0
https://doi.org/10.1084/jem.191.10.1777
https://doi.org/10.4254/wjh.v8.i2.83
https://doi.org/10.1016/S1590-8658(07)80005-3
https://doi.org/10.3748/wjg.v19.i47.8916
https://doi.org/10.1016/S0002-9343(96)00259-8
https://doi.org/10.3389/fimmu.2022.992819
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Association of interferon-based therapy with risk of autoimmune diseases in patients with chronic hepatitis C virus infection: A population-based Taiwanese cohort study
	Introduction
	Materials and methods
	Data sources
	Study design and participants
	Interferon-based therapy exposure
	Outcome measurement and comorbidities
	Statistical analysis

	Results
	Baseline characteristics of the IBT and non-IBT groups
	IRR and HR of the risk of ADs between the IBT and non-IBT groups
	IRR and HR of the risk of AD subtypes between the IBT and non-IBT groups
	Comparison of cumulative incidence of organ-specific ADs between the IBT and non-IBT groups

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


