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Abstract: Peginterferon/ribavirin provides a substantially high treat-

ment efficacy for chronic hepatitis C virus (HCV) infections in Asians.

Whether the clinical efficacy can be translated to community effec-

tiveness remains unclear.

The disease awareness, treatment accessibility, recommendations,

acceptance, and barriers to anti-HCV treatment were explored to clarify

the issue with a 3-step nationwide investigation in Taiwan. A crude
MD, PhD, Wan-L D, PhD,
hang, MD

level in 58,129 residents. The recommendations/acceptances and bar-

riers to treatment at the provider level were evaluated using a pro-

spective, nationwide approach to 89 gastroenterologists/hepatologists.

The estimated 10-year interval age-adjusted anti-HCV-seropositive

population is 745,109 (3.28%), with an anticipated HCV-viremic popu-

lation of 554,361. Of anti-HCV-seropositive subjects, 36.2% had disease

awareness. Among those with awareness, 39.6% had accessibility. The

recommendation/acceptance rate of antiviral therapy was 70.6%. The

treatment rate was 10.1% and 13.7% for the anti-HCV-seropositive and

HCV-viremic population, respectively. With an anticipated treatment

success rate of 80% in Taiwan, 8.1% of the anti-HCV-seropositive and

10.9% of the HCV-viremic population achieved successful treatment. The

major treatment barriers were fear of adverse effects (37%), major

disorders (17.6%), ineligibility for insurance reimbursement (17.6%),

and lack of therapy awareness (11.3%).

Despite the high rates of treatment response and nationwide coverage

of insurance reimbursement, there remains a large gap between clinical

efficacy and community effectiveness in anti-HCV treatment in Taiwan.

Increasing disease awareness/treatment accessibility and introducing

new therapeutic strategies with high tolerability are warranted.

(Medicine 94(13):e690)

Abbreviations: AE = adverse event, CHC = chronic HCV infection,

DAA = direct acting antiviral, HCC = hepatocellular carcinoma,

HCV = hepatitis C virus, OR = odds ratio, PegIFN = pegylated

interferon, RBV = ribavirin, SVR = sustained virological response.

BACKGROUD

H epatitis C virus (HCV) infection is one the leading causes
of chronic hepatitis, liver cirrhosis, and hepatocellular

carcinoma (HCC) worldwide.1,2 HCV infection is endemic in
Taiwan, with the prevalence rates of antibodies to HCV (anti-
HCV) ranging from 4.4% to 8.6%; however, there are scattered
hyperendemic areas in Southern Taiwan that have a very high
anti-HCV prevalence of 22.4%.3,4 Peginterferon (PegIFN) along
with ribavirin (RBV) combination therapy has been the standard
of care for patients with chronic hepatitis C for more than a
decade,1 and it remains the mainstay of current anti-HCV therapy
in the majority of Asian countries where interferon (IFN)-free
direct acting antivirals (DAAs) regimens are unavailable or
unaffordable. Chronic HCV infection (CHC) has become a
curable disease5 through the achievement of a sustained virolo-
hich leads to a significantly reduced risk
mortality.6–9 The treatment efficacy is

e in Asian patients. A 48- or 24-week
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regimen of PegIFN/RBV could attain an SVR rate of 70% to 75%
or 85% to 90% for HCV genotype 1/4 (HCV-1/4) and HCV-2/3,
respectively, in Taiwan.10–13 The achievement of high SVR rates
encourages HCV control in Taiwan.

There might be a gap between real-world daily practice
and the promising results obtained in clinical trials because of
low disease awareness, difficulty in treatment accessibility, and
contraindications and adverse events (AEs) from available
treatment modalities. The concept of community effectiveness
demonstrates the effect of biomedical research and pharmaco-
logical development on human health in the community at
large.14 It is important to determine whether the dramatic
efficacy from clinical trials could be translated to community
effectiveness to assess the overall effectiveness. There remain
many barriers leading to a significant proportion of HCV
patients who have not received antiviral therapy.15 Fewer than
half of HCV subjects were aware of their infections or had been
identified as having anti-HCV-seropositive in the United
States.15–17 Only two-thirds of anti-HCV-identified individuals
received a complete diagnosis that included tests for HCV
RNA.18 Fewer than one-third of HCV-viremic patients had
started antiviral treatment.17 Barriers to treatment include
economic or social pressure, fear of AEs, fear of needle injec-
tion, and reimbursement policies.19–23 Patients with preexisting
comorbid conditions such as major systemic disorders, psy-
chiatric illnesses, neutropenia, and thrombocytopenia might be
ineligible for current IFN-based therapy.

More than half of HCV-infected individuals worldwide
reside in Asia, which has an anti-HCV prevalence rate of
>3.5%.2 However, data about HCV disease awareness, treat-
ment accessibility, and recommendation/acceptance are scarce.
Based on the high treatment efficacy of PegIFN/RBV in the
Asian population10 and the upcoming new therapeutic
approaches with potent DAA,1,24–29 understanding the barrier
between community effectiveness and clinical efficacy would
help public health decision makers bridge the gap to control
HCV infection. We constructed a model for nationwide transla-
tional research at the patient, provider, and government levels
on the community effectiveness of anti-HCV therapy to explore
disease awareness, treatment accessibility, and barriers to clar-
ify these issues in Taiwan.

METHODS

Estimation of HCV Prevalence and Population
We estimated a national age-specific prevalence and popu-

lation of HCV infection based on the data obtained in three large-
scale surveillance studies for hepatitis in Taiwan3,4,30 and an age-/
geographic-specific population information of Taiwan from the
Ministry of the Interior (http://statis.moi.gov.tw/micst).

Estimation of Community Effectiveness
We proposed an equation modified from the conceptual

framework for translating efficacy to effectiveness14 to estimate
the nationwide community effectiveness: Community Effective-
ness¼ (1) Correct Diagnosis� (2) Awareness� (3) Access� (4)
Recommendation� (5) Acceptance� (6) Efficacy� (7) Adher-
ence.

(1) Estimation of Correct Diagnosis for HCV
Infection

Yu et al
The chance of a false-negative anti-HCV result (anti-HCV
negative in HCV viremic patients) using third-generation anti-
HCV antibody testing is extremely low among HCV-exposed

2 | www.md-journal.com
subjects, even in immune compromised patients, such as uremic
patients on maintenance hemodialysis and patients with HIV
coinfection.31,32 We assumed that the current anti-HCV testing
methods have no false negatives for subjects with HCV-
exposure >6 months. According to our previous large-scale
studies, the persistent HCV viremic rate among anti-HCV-
positive subjects is assumed to be 74.4%.33,34

(2) Disease Awareness and (3) Disease Accessibility at
Patient Level

The disease awareness of HCV infection was investigated
at the patient level through serological tests and questionnaire
interviews in a series of multidisciplinary community survey in
Taiwan between 2012 and 2013. The disease accessibility of
HCV infection was investigated at the patient level through
questionnaire interviews for those with HCV disease awareness.

(4) Recommendation and (5) Acceptance of
Anti-HCV Therapy at Provider Level

To simplify the structure, we merged the rate of treatment
recommendations by physicians and the rate of acceptance of
anti-HCV therapy by patients as the rate of receiving anti-HCV
therapy. The treatment rate was evaluated based on the patient
and provider levels to reduce potential bias. The antiviral
treatment rate at the patient level was obtained by questionnaire
interviews in a community survey. The anti-HCV treatment rate
at the provider level was explored by a prospective, nationwide
approach of sampling 89 gastroenterologists/hepatologists
selected in proportion to the geographical differences in the
HCV population in Taiwan (Supplementary Figure S1, http://
links.lww.com/MD/A234). The treatment barriers and their
characteristics in clinical practice were evaluated at the provider
level. These qualified physicians were invited to participate in
this clinic-based survey in December 2012 to collect infor-
mation regarding their consecutive outpatients with HCV infec-
tion, including sex, age, history of anti-HCV therapy and
reasons for not receiving antiviral therapy from the physicians’
point of view regarding their patients.

(6) Efficacy and (7) Adherence of Anti-HCV Therapy
in Taiwan

We estimated the overall SVR rate of anti-HCV therapy in
Taiwan according to the published data and weighted by the
distribution of the HCV genotype 1 and the non-1 genotypes.
The reported SVR rate was approximately 74% to 77% for
HCV-1 with 48 weeks of PegIFN/RBV5,13,35,36 and 86% to 95%
for HCV-non-1 with 24 weeks of PegIFN/RBV5,12,37,38 in
Taiwan. The genotype distribution was 53% and 47% for
HCV-1 and -non-1, respectively.10 Therefore, we assumed an
overall efficacy of 80% for anti-HCV therapy with the current
available regimens in Taiwan. To simplify the estimation, we
assumed the adherence in clinical practice to be the same as the
adherence observed in clinical trials.

The study was approved by the ethics committees at the
Kaohsiung Medical University Hospital and was performed
according to the guidelines of the International Conference
on Harmonization for Good Clinical Practice. All of the resi-
dents and the interviewed gastroenterologists/hepatologists pro-
vided written informed consent before study enrollment.
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Laboratory Examinations
The anti-HCV antibody was detected using a third-gener-

ation, commercially available enzyme-linked immunosorbent
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assay kit (AxSYM 3.0; Abbott Laboratories, Chicago, IL). The
presence of serum HCV RNA was evaluated using a standar-
dized automated quantitative reverse-transcription polymerase
chain reaction (COBAS AMPLICOR HCV Test, version 2.0;
Roche, Branchburg, NJ; detection limit: 50 IU/mL) before 2011
or a real-time polymerase chain reaction assay (RealTime HCV;
Abbott Molecular, Des Plaines IL; detection limit: 12 IU/mL)
after 2011.39

Policy of Reimbursement for Anti-HCV Therapy
in Taiwan

The Bureau of National Health Insurance in Taiwan has
provided reimbursement for anti-HCV therapy since 2003. The
current criteria for reimbursement are seropositivity for anti-
HCV and HCV RNA for >6 months with an elevated alanine
aminotransferase level.

Statistical Analysis
The estimated HCV population in a geographic-specific

area was calculated as the anti-HCV-positive rate of the specific
age multiplied by the total population. The rate of subjects
receiving antiviral therapy was weighed by the frequency of
outpatient visits for hepatitis C-related liver diseases, assuming
that patients with successful antiviral therapy had visits to
gastroenterology/hepatology clinics every 6 to 12 months,
whereas the patients who failed prior antiviral therapy had
visits to gastroenterology/hepatology clinics every 3 to 6
months, with a ratio of 1:2. The Cochran-Armitage trend test
was used to identify linear relationships between the patient/
clinic characteristics and the reasons for not receiving antiviral
therapy. Multiple logistic analyses with adjustments for age,
sex, clinic scales, and geographic areas for each reason were
also performed. A 2-tailed P value <0.05 was considered
statistically significant. Statistical analyses were performed
using JMP software version 10.0 (SAS Institute Inc, Cary, NC).

RESULTS

Estimated National HCV Prevalence and
Population

Table 1 shows the crude and age-specific prevalence of
anti-HCV in each geographic-specific area in Taiwan based on
3 large-scale surveillance studies3,4,30 and the database of age
population in 2012 from the Ministry of the Interior, Taiwan.
The estimated 10-year interval age-adjusted anti-HCV preva-
lence was highest in Maoli County (crude: 10.5% and age-
specific: 9.2%), followed by Chiayi County (crude: 10.3% and
age-specific: 8.3%). Finally, the age-adjusted prevalence of
anti-HCV of Taiwan was estimated to be 3.28%, with an
anti-HCV-seropositive population of 745,109.

Under the assumption of 100% diagnosis rate of anti-
HCV31 and a 74.4% HCV viremic rate in the HCV-exposed
subjects,34 the national HCV viremic population was estimated
to be 554,361 in Taiwan.

Disease Awareness
Of 586 anti-HCV seropositive subjects with available

information, 212 (36.2%) had HCV disease awareness. There-
fore, the estimated population is 269,729 for HCV disease
awareness in Taiwan (Figure 1).
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Disease Accessibility
Of the 531 subjects who were aware of HCV infection and

had available information regarding accessibility, 210 (39.6%)
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had accessibility to a doctor. Therefore, the estimated popu-
lation is 106,813 for HCV disease accessibility in Taiwan
(Figure 1).

Treatment Rate of HCV
The rate of receiving anti-HCV therapy was 50.0% (105/

210) in the community-based patient survey, which was com-
parable with 54.8% (1,668/3,043) in the clinic-based physician
survey. A weighted average of 54.5% (1,773/3,253) treatment
rate was further adjusted by the proposed frequency of visits
(Supplementary Table S1, http://links.lww.com/MD/A234).
Eventually, 70.6% of patients with HCV treatment accessibility
were expected to have undergone IFN-based therapy, account-
ing for 75,410 patients in Taiwan (Figure 1 and Supplementary
Table S1, http://links.lww.com/MD/A234).

Successful Anti-HCV Therapy
With anticipated SVR rate of 80% for HCV patients in

Taiwan, it was estimated that 60,328 HCV patients have been
successfully treated (Figure 1 and Supplementary Table S1,
http://links.lww.com/MD/A234).

Gap Between Clinical Efficacy and Community
Effectiveness of HCV Treatment

Among the anti-HCV-seropositive population, 36.2%
(269,729/745,109) had HCV disease awareness, 14.3%
(106,813/745,109) had HCV treatment accessibility (39.6%
of those with HCV disease awareness), and 10.1% (75,410/
745,109) had explored antiviral therapy (70.6% of those with
treatment accessibility). Therefore, even with the anticipated
high SVR rate of 80% for HCV patients in Taiwan, it was
estimated that only 8.1% (60,328/745,109) of anti-HCV-sero-
positive patients have been successfully treated (Figure 1 and
Supplementary Table S1, http://links.lww.com/MD/A234).

Further evaluation of community effectiveness by focusing
on the HCV viremic population (n¼ 554,361), 74.4% of anti-
HCV-seropositive population showed that the rates of disease
awareness, treatment accessibility, and recommendation/accep-
tance of antiviral therapy were 48.7% (269,729/554,361),
19.2% (106,813/554,361), and 13.7% (75,410/554,361),
respectively. We could only translate the 80% clinical efficacy
into 10.9% (60,328/554,361) community effectiveness in Tai-
wan with the current available anti-HCV regimens (Figure 1 and
Supplementary Table S1, http://links.lww.com/MD/A234).

Treatment Barriers
Of 3,045 patients approached by questionnaire of

89 gastroenterologists/hepatologists, 1,375 were untreated
(Table 2). The elderly patients (>65 years old), female patients,
patients at primary clinic units, and patients residing in the
central part of Taiwan had significantly higher rates of not being
treated at 55.5% (503/907), 49.2% (757/1,539), 69.2% (247/
357), and 51.8% (247/477), respectively, compared with their
counterparts (Table 2). The main reasons for not being treated
were patients’ fear of AEs (n¼ 503, 36.9%), major hemato-
logical disorders or systemic disorders (n¼ 240, 17.6%), inelig-
ibility for insurance reimbursement (n¼ 239, 17.6%), and
patients’ lack of therapy awareness (n¼ 154, 11.3%) (Figure 2).

The elderly patients had a 2.3-fold higher proportion of

Gaps in HCV treatment in Taiwan
patient concern for fear of AEs (OR¼ 2.31 and adjusted P for
trend test¼ 0.001) (Figure 3A and Table 2), a 0.35-fold lower
proportion of ineligibility for insurance reimbursement criteria
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TABLE 1. The estimated crude and age-specific prevalence (%) of HCV in Taiwan (N¼745 109; 3.28%)

<20 20–29 30–39 40–49 50–59 60–69 �70 Crude prevalence Age-adjusted prevalence

Keelung City 0 2.5 1.2 0 0 29.2 16.7 3.8 3.65
Tapei City 0 0.4 1.5 1.8 3.2 3.3 4.5 2 1.64
New Tapei City 0.5 0.7 1.3 1.9 3.5 4.7 4.6 2.1 1.70
Taoyuan County 0 0.9 2 4.7 4.4 6.2 6 3.3 2.34
Hsinchu City 0.2 1 1.7 4.3 7.8 11.3 10.2 4.5 3.31
Hsinchu County 1 1.2 2 4.1 4.7 6.9 9 3.4 3.01
Miaoli County 3.2 5.6 8 11.8 10.9 17.3 22.8 10.5 9.22
Taichung City 0.4 1.2 1.9 5 6 8 13 3.9 3.22
Changhua County 0.5 1.5 2.4 5.3 5.8 8.5 6.2 4.1 3.25
Nantou County 0 0.6 1.8 5.7 5.2 7.5 3.4 3.7 2.73
Yunlin County 1.8 1.4 3.4 7.4 11.2 14.1 16.1 8.3 6.26
Chiayi City 0.7 2.1 4.5 11.3 13.6 19 17.7 9.8 7.06
Chiayi County 2.4 2.4 5.6 11 12.7 18.8 17.2 10.3 8.26
Tainan Cityy 0 0 1.9 7.4 8.1 9.1 9.8 8.4 4.30
Kaohsiung Cityz 1.0 1.6 2.6 4.7 6.1 8.0 9.8 8.6 4.11
Pingtung County 0.5 1.2 1.7 3.1 4.3 5.2 5.6 3.9 2.71
Yilan County 0 0 0 3.3 5.2 5.1 5 4.8 1.88
Hualien County 0.3 1.3 3.5 5 9.5 12.9 15.2 5.6 4.93
Taitung County 0 0 0 2.6 3 7.9 7.1 1.7 1.95
Penghu County 0 0 2.7 2.2 4.6 4 5.2 3.7 2.14
Kinmen County 0 0 0.8 0.3 0 1.8 0 0.4 0.33

�
Most data were based on Chen CH, 2007 (157,720 residents with age �18 in all Taiwan; crude: 4.4%; age-adjusted: 2.5%) and modified by Tsai

2007 and Yang 2010. HCV¼ hepatitis C virus.
yTsai, MC, 2007 (56,702 residents with age >40 years old in Tainan county, crude: 10.2%).
zYang, JF, 2010 [(7,713 residents in Kaohsiung county including Tzukuan and aboriginal (crude: 17.2%), 14,036 in Kaohsiung city (crude: 5.8%)

and 7,048 in Pingtung (crude:4.6%) from 1999 to 2005] and this study from 2006 to 2013.

Anti-HCV + 
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100%
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FIGURE 1. Estimated number of HCV population and community effectiveness of anti-HCV therapy in Taiwan. The numbers of anti-HCV-
seropositive population, HCV-viremic population, patients with disease awareness, disease accessibility, recommendation and acceptance
of antiviral therapy and successful antiviral therapy (community effectiveness) were listed on the left side. The percentages of each
category among anti-HCV-seropositive population and among HCV-viremic population were listed on the right side. (A) Diagnosis of HCV
infection by anti-HCVand HCV RNA were assumed at 100%. (B) Clinical efficacy with adjustment for treatment adherence was set at 80%.
(C) Retreatment of HCV was not included in the current model. (D) Each percentage was calculated as the number divided by anti-HCV-
seropositive population or HCV viremic population, respectively.
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TABLE 2. Multivariate effects of the reasons why subjects have not yet received antiviral therapy (n¼1375)

Untreated

Fear of adverse effects
of IFN-based therapy

(n¼ 503)

Unawareness to
antiviral therapy

(n¼ 154)

Ineligibility for insur-
ance reimbursement

�

(n¼ 239)

Comorbidities with
major disorders

(n¼ 240)

n/N (%) OR (95% CI) P OR (95% CI) P OR (95% CI) P OR (95% CI) P

Age <35 66/153 (43.1) 1 1 1 1
35–50 297/655 (45.3) 1.59 (0.86–3.07) 0.143 1.13 (0.49–2.94) 0.784 0.71 (0.39–1.34) 0.288 1.13 (0.50–2.92) 0.783
50–65 509/1327 (38.4) 1.88 (1.05–3.58) 0.035 0.92 (0.41–2.37) 0.857 0.58 (0.33–1.08) 0.086 1.76 (0.82–4.39) 0.155
�65 503/907 (55.5) 2.31 (1.28–4.40) 0.005 0.96 (0.43–2.47) 0.929 0.35 (0.19–0.65) 0.001 2.50 (1.17–6.21) 0.016

Sex Female 757/1539 (49.2) 1 1 1 1
Male 614/1500 (40.9) 0.89 (0.71–1.12) 0.319 1.21 (0.84–1.72) 0.315 1.03 (0.77–1.38) 0.825 1.06 (0.79–1.42) 0.684

Clinics scale Primary 247/357 (69.2) 1 1 1 1
Regional 534/1087 (49.1) 1.20 (0.87–1.66) 0.096 0.38 (0.24–0.59) <0.0001 1.14 (0.76–1.75) 0.523 1.15 (0.72–1.87) 0.574
Medical 594/1599 (37.2) 0.81 (0.59–1.14) 0.568 0.28 (0.17–0.45) <0.0001 1.34 (0.89–2.05) 0.165 2.02 (1.29–3.25) 0.002

Geographic
area

Central 247/477 (51.8) 1 1 1 1

Southern 811/1752 (46.3) 1.48 (1.05–1.96) 0.003
�

0.23 (0.16–0.35) <0.0001 0.92 (0.64–1.35) 0.661 2.00 (1.30–3.18) 0.001
Northern 299/758 (39.4) 1.12 (0.77–1.63) 0.225 0.38 (0.22–0.63) 0.0002 0.68 (0.43–1.09) 0.111 1.92 (1.18–3.21) 0.009

�
ity,
¼
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of HCV therapy (OR¼ 0.35 and adjusted P for trend test
<0.0001) (Figure 3B and Table 2) and a 2.5-fold higher
proportion of major systemic disorders than their younger
counterparts (OR¼ 2.50 and adjusted P for trend test
<0.0001; Figure 3C and Table 2), especially in major hemato-
logical disorders (leukopenia, anemia, or thrombocytopenia)
(P¼ 0.031) and systemic disorders (such as major psychologi-
cal disorders, poorly controlled diabetes, and cardiovascular
diseases) (P< 0.0001).

More patients with ineligibility because of hematological
disorders or systemic disorders were found in medical centers,
followed by regional hospitals and primary care clinics
(adjusted P for trend test¼ 0.002 for hematological disorders
and P¼ 0.006 for systemic disorders) (Figure 3C and Table 2).
We also found that patients from primary care clinics had

Eligibility of insurance reimbursement in Taiwan: anti-HCV positiv
CI¼ confidence interval, HCV¼ hepatitis C virus, IFN¼ interferon, OR
significantly lower awareness regarding the benefits of HCV
infection treatment (adjusted P for trend test <0.0001)
(Figure 3D and Table 2).

FIGURE 2. Causes for not being treated with anti-HCV therapy in
clinics (n¼1,375).

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
DISCUSSION
In the current study, we built a successful model to

translate the clinical efficacy into the nationwide community
effectiveness for anti-HCV therapy at the patient level, provider
level, and payer level in Taiwan. Despite the high SVR rate,
with an average of 80% achieved with PegIFN/RBV, and
despite the very high coverage rate of insurance reimbursement
in Taiwan, it is estimated that only 10.9% of the HCV-viremic
population was successfully treated. Therefore, approximately
494,033 HCV-viremic patients remain at a high risk for end-
stage liver disease and urgently need to be treated in Taiwan.
The huge gap between the clinical efficacy and community
effectiveness is largely attributed to insufficient disease aware-
ness, poor patient accessibility to treatment, and patients who
are intolerant/ineligible for PegIFN/RBV therapy. The current
finding might be translated to some other Asian countries where
the reimbursement policy and the frequency of favorable inter-
leukin-28B genotype were similar to that of Taiwan.10,40

There are few published studies regarding the community
effectiveness of HCV treatment worldwide. Supplementary
Table S2, http://links.lww.com/MD/A234 summarizes the
reports from the United States, the United Kingdom, and
Germany, with an estimated community effectiveness of 1.1%
to 8.7%.16,17,20,41 We observed that the community effectiveness
of anti-HCV treatment was substantially higher in Taiwan than it
was in Western countries. This result could be because of the high
coverage rate of the National Health Insurance Program,42 the
universal reimbursement therapy for HCV-viremic patients with
abnormal alanine aminotransferase levels, and the high clinical
efficacy of PegIFN/RBV.10,12,13 The high frequency of inter-
leukin-28B favorable genotype (>80%)35,38,43 might contribute
to the high SVR rate of PegIFN/RBV in Taiwan compared with in
Western countries. Nevertheless, the gap between clinical effi-
cacy and community effectiveness in HCV treatment remains
large in Taiwan, indicating that efforts are needed to improve the
community effectiveness.

HCV viremia � 6 months and abnormal alanine aminotransferase level.
odds ratio.
Because there are many HCV-hyperendemic areas at
the southwestern coast of Taiwan,3,4 several multidisciplinary
integrated programs for the prevention and control of viral
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hepatitis have been conducted by governmental and nongovern-
mental organizations in recent years. These efforts have reduced
the prevalence of anti-HCV seropositivity from 4.5% to 0.7% in
the adult population44,45 and from 2.8% to 1.0% in the teenage
population of the HCV-hyperendemic areas.46,47 Although
several integrated educational programs for the prevention/
treatment of viral hepatitis have been conducted by government
and nonprofit organizations in Taiwan, two-thirds of anti-HCV
seropositive subjects remain lack disease awareness. A low
disease awareness of HCV infection of 20% to 50% was also
reported in Western countries (Supplementary Table S2, http://
links.lww.com/MD/A234).16,17,20,41 Because the majority of
HCV patients are asymptomatic and the disease is curable,
the situation emphasizes the critical need of governments to
implement surveillance programs, especially in high-risk popu-
lations,1,48 and emphasizes the importance of disseminating
information and increasing public and provider awareness.
Although patient and provider factors receive the greatest atten-
tion, obstacles arising at the government and payer levels are also
important.49 Successful antiviral therapy could profoundly
reduce the risk of end-stage liver disease.6–8 However, HCV
patients remain at a higher risk of HCC development even after
curative HCV therapy if they had advanced fibrosis at baseline
and/or after treatment.7,50 Therefore, the early identification of

insurance reimbursement. (C) Ineligible for major disorders. (D)
characteristics for those reasons without receiving antiviral therapy a
parentheses.
HCV viremic subjects who should receive antiviral therapy to
reduce the risk and healthcare costs of liver complications is a
critical public issue worldwide.

6 | www.md-journal.com
In this study, 39.6% of the subjects with HCV disease
awareness had accessibility to HCV treatment in Taiwan, indi-
cating that 14.3% of anti-HCV seropositive subjects and 19.2% of
HCV-viremic subjects had seen a doctor for HCV infection. The
National Health Insurance Program of Taiwan has a very high
coverage rate of 99.6% of the national population42 and is ranked
first on a list of the 10 best health care systems in the world.51

IFN-based therapy for CHC has been reimbursed by the Agency
of National Health Insurance of Taiwan since 2003. However, the
reimbursement of anti-HCV therapy is limited to HCV viremic
patients with abnormal liver function by licensed gastroenterol-
ogists only. This restriction might limit treatment accessibility of
patients in a country in which medical accessibility and the
insurance coverage rate is extremely high.

The rate of recommendation/acceptance for HCV treat-
ment was estimated at approximately 70% after adjusting for
the frequency of visits to gastroenterologist/hepatologist clinics
in this study. High treatment efficacy and insurance reimburse-
ment for 24–48 weeks of PegIFN/RBV at 70% to 85%
encourages physicians to recommend the regimens in Tai-
wan.12,13 However, the HCV treatment rate remains low in
primary clinic units. High frequency and intensity of AEs with
PegIFN/RBV for HCV patients52 might cause patients to
hesitate to receive therapy and gastrointestinal specialists in

rapy unawareness.
�

Adjusted P value: the effects of age/clinic
r adjustment for risk factors. y The number (n/N) was showed in the
primary care units to recommend the therapy.
The reasons for rejecting anti-HCV therapy were fear

of AEs in one-third of patients, followed by contraindication
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because of major hematological or systemic disorders and
ineligibility for insurance reimbursement. This finding was in
agreement with previous studies.20,49 Additionally, we found
that older patients resulted in a higher proportion of patients
associated with AEs of and ineligibility for IFN-based therapy.
IFN/RBV-related AEs comprise a main obstacle for adherence,
dose modification, and discontinuation of treatment, especially
in the older population.22 Future regimens of ultrashort duration
(8–12 weeks), IFN-free or IFN/RBV-free would overcome the
hesitation at the patient and provider levels.24,26,29 Concise
pretreatment education and therapeutic counseling during the
initial visits is necessary for patients to eliminate fears in the
areas in which IFN-free regimens are unavailable.53

In the current study, we estimated that 75,410 patients in
Taiwan have been treated with IFN-based therapy. The actual
number on prescriptions of IFN-based therapy for CHC by
reimbursement from Agency of National Health Insurance in
Taiwan is 68,438 from 2003 to the end of 2013. The number is
close to the estimate in the current study when taking the
number of patients with IFN-based therapy by self-pay and
those in clinical trials from the year of IFN launched in Taiwan,
1993, to the end of 2013 into consideration.

Recent advances in HCV treatment have led to a signifi-
cant improvement in treatment efficacy and in eligibility and
tolerability. A combination of 2 to 3 DAAs with or without RBV
for 8 to 12 weeks could achieve SVR rates of higher than 90%
for HCV genotype 1 or 2 patients, whether naive or treatment-
experienced and cirrhotic or noncirrhotic.24,26,29 However, low
disease awareness and treatment rates undermine recent vigor-
ous advances in treatment.17 From the estimation in the current
study, approximately 0.47 million HCV-viremic patients have
not been treated. Increasing the recommendation/acceptance
rate to 100% by dramatic IFN-free regimens for those with
treatment accessibility could only benefit 50,000 patients, with
an improvement of community effectiveness from 10.9% to
19.2% in Taiwan. Strategies for increasing disease awareness
and treatment accessibility would be critical issues in the era of
newer DAAs. Our findings could provide important information
for policy-making at the government and payer levels.

This study demonstrated comprehensive features of HCV
treatment in Taiwan. Nevertheless, there were some limitations.
First, sampling of the selected gastroenterologists/hepatologists
might not represent a complete view of HCV treatment in
Taiwan. However, we randomly selected the candidates accord-
ing to the regional prevalence of HCV infection to minimize
bias. Second, special HCV populations, such as uremic patients
undergoing maintenance hemodialysis,33 major thalassemia
patients, and injection drug users,54 who have the greatest
obstacles to care, were not taken into consideration in the
current study. Therefore, the current study might underestimate
the gap between the efficacy and effectiveness of HCV treat-
ment. Finally, we did not evaluate the influence of DAA on the
model because that the current study was completed before the
introduction of DAA to Taiwan (boceprevir in Mar 2014, and
telaprevir in Oct 2014). Both DAA should be in combination
with PegIFN/RBV with increasing AEs. Currently, no IFN-free
DAA regimen was available in Taiwan.

We demonstrated that there is a large gap between clinical
efficacy and community effectiveness in HCV treatment, even
in a country with favorable host and viral genetics to PegIFN/
RBV and well-executed programs in a national health insurance

Medicine � Volume 94, Number 13, April 2015
and health care system. In the coming era of IFN-free DAA
regimens with short duration, easy dosing, high potency, high
genetic barriers, few AEs and drug–drug interaction, there is a

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
clear need to close this large gap by establishing governmental
mass screening strategies, educational programs at the patient
and provider level, and a more simple-to-access healthcare
policy at the payer level.

ACKNOWLEDGMENTS
We are grateful for the participation of the 89 gastroenter-

ologists/hepatologists for their help with conducting the study.

REFERENCES

1. Omata M, Kanda T, Yu ML, et al. APASL consensus statements

and management algorithms for hepatitis C virus infection. Hepatol

Int. 2012;6:409–435.

2. Mohd Hanafiah K, Groeger J, Flaxman AD, et al. Global epidemiol-

ogy of hepatitis C virus infection: new estimates of age-specific

antibody to HCV seroprevalence. Hepatology. 2013;57:1333–1342.

3. Chen CH, Yang PM, Huang GT, et al. Estimation of seroprevalence

of hepatitis B virus and hepatitis C virus in Taiwan from a large-

scale survey of free hepatitis screening participants. J Formos Med

Assoc. 2007;106:148–155.

4. Yang JF, Lin CI, Huang JF, et al. Viral hepatitis infections in

southern Taiwan: a multicenter community-based study. Kaohsiung J

Med Sci. 2010;26:461–469.

5. Yu ML, Lee CM, Chen CL, et al. Sustained hepatitis C virus

clearance and increased hepatitis B surface antigen seroclearance in

patients with dual chronic hepatitis C and B during posttreatment

follow-up. Hepatology. 2013;57:2135–2142.

6. Yu ML, Lin SM, Lee CM, et al. A simple noninvasive index for

predicting long-term outcome of chronic hepatitis C after interferon-

based therapy. Hepatology. 2006;44:1086–1097.

7. Yu ML, Lin SM, Chuang WL, et al. A sustained virological

response to interferon or interferon/ribavirin reduces hepatocellular

carcinoma and improves survival in chronic hepatitis C: a nation-

wide, multicentre study in Taiwan. Antiviral Ther. 2006;11:985–994.

8. Yu ML, Huang CF, Dai CY, et al. Long-term effects of interferon-

based therapy for chronic hepatitis C. Oncology. 2007;72 (suppl 1):16–

23.

9. Huang JF, Yu ML, Lee CM, et al. Sustained virological response to

interferon reduces cirrhosis in chronic hepatitis C: a 1386-patient

study from Taiwan. Aliment Pharmacol Ther. 2007;25:1029–1037.

10. Yu ML, Chuang WL. Treatment of chronic hepatitis C in Asia:

when East meets West. J Gastroenterol Hepatol. 2009;24:336–345.

11. Nguyen LH, Nguyen MH. Systematic review: Asian patients with chro-

nic hepatitis C infection. Aliment Pharmacol Ther. 2013;37:921–936.

12. Yu ML, Dai CY, Huang JF, et al. A randomised study of

peginterferon and ribavirin for 16 versus 24 weeks in patients with

genotype 2 chronic hepatitis C. Gut. 2007;56:553–559.

13. Yu ML, Dai CY, Huang JF, et al. Rapid virological response and

treatment duration for chronic hepatitis C genotype 1 patients: a

randomized trial. Hepatology. 2008;47:1884–1893.

14. El-Serag HB. Translational research: the study of community

effectiveness in digestive and liver disorders. Gastroenterology.

2007;132:8–10.

15. Volk ML, Tocco R, Saini S, et al. Public health impact of antiviral

therapy for hepatitis C in the United States. Hepatology.

2009;50:1750–1755.

16. Holmberg SD, Spradling PR, Moorman AC, et al. Hepatitis C in the

United States. N Engl J Med. 2013;368:1859–1861.

Gaps in HCV treatment in Taiwan
17. Denniston MM, Klevens RM, McQuillan GM, et al. Awareness of

infection, knowledge of hepatitis C, and medical follow-up among

individuals testing positive for hepatitis C: National Health and

www.md-journal.com | 7



Nutrition Examination Survey 2001–2008. Hepatology.

2012;55:1652–1661.

18. McGibbon E, Bornschlegel K, Balter S. Half a diagnosis: gap in

confirming infection among hepatitis C antibody-positive patients.

Am J Med. 2013;126:718–722.

19. Zacks S, Beavers K, Theodore D, et al. Social stigmatization and

hepatitis C virus infection. J Clin Gastroenterol. 2006;40:220–224.

20. Parkes J, Roderick P, Bennett-Lloyd B, et al. Variation in hepatitis

C services may lead to inequity of heath-care provision: a survey of

the organisation and delivery of services in the United Kingdom.

BMC Public Health. 2006;6:3.

21. Morrill JA, Shrestha M, Grant RW. Barriers to the treatment of

hepatitis C. Patient, provider, and system factors. J Gen Intern Med.

2005;20:754–758.

22. Huang CF, Yang JF, Dai CY, et al. Efficacy and safety of pegylated

interferon combined with ribavirin for the treatment of older patients

with chronic hepatitis C. J Infect Dis. 2010;201:751–759.

23. Cawthorne CH, Rudat KR, Burton MS, et al. Limited success of

HCV antiviral therapy in United States veterans. Am J Gastroenterol.

2002;97:149–155.

24. Poordad F, Hezode C, Trinh R, et al. ABT-450/r-ombitasvir and

dasabuvir with ribavirin for hepatitis C with cirrhosis. N Engl J

Med. 2014;370:1973–1982.

25. European Association for the Study of the Liver. EASL Clinical

Practice Guidelines: management of hepatitis C virus infection. J

Hepatol. 2014;60:392–420.

26. Jacobson IM, Gordon SC, Kowdley KV, et al. Sofosbuvir for

hepatitis C genotype 2 or 3 in patients without treatment options. N

Engl J Med. 2013;368:1867–1877.

27. Hagan LM, Schinazi RF. Best strategies for global HCV eradication.

Liver Int. 2013;33 (suppl 1):68–79.

28. Ghany MG, Nelson DR, Strader DB, et al. An update on treatment

of genotype 1 chronic hepatitis C virus infection: 2011 practice

guideline by the American Association for the Study of Liver

Diseases. Hepatology. 2011;54:1433–1444.

29. Afdhal N, Reddy KR, Nelson DR, et al. Ledipasvir and sofosbuvir

for previously treated HCV genotype 1 infection. N Engl J Med.

2014;370:1483–1493.

30. Tsai MC, Kee KM, Chen YD, et al. Excess mortality of hepatocel-

lular carcinoma and morbidity of liver cirrhosis and hepatitis in

HCV-endemic areas in an HBV-endemic country: geographic varia-

tions among 502 villages in southern Taiwan. J Gastroenterol

Hepatol. 2007;22:92–98.

31. Yang JF, Lin YY, Hsieh MH, et al. Performance characteristics of a

combined hepatitis C virus core antigen and anti-hepatitis C virus

antibody test in different patient groups. Kaohsiung J Med Sci.

2011;27:258–263.

32. Chang JM, Huang CF, Chen SC, et al. Discrepancy between

serological and virological analysis of viral hepatitis in hemodialysis

patients. Int J Med Sci. 2014;11:436–441.

33. Yu ML, Dai CY, Huang CF, et al. High hepatitis B virus surface

antigen levels and favorable interleukin 28B genotype predict

spontaneous hepatitis C virus clearance in uremic patients.

J Hepatol. 2014;60:253–259.

34. Huang JF, Dai CY, Hwang SJ, et al. Hepatitis C viremia increases

the association with type 2 diabetes mellitus in a hepatitis B and C

endemic area: an epidemiological link with virological implication.

Am J Gastroenterol. 2007;102:1237–1243.

Yu et al
variants versus viral kinetics in determining responses to standard-

of-care for Asians with hepatitis C genotype 1. Antiviral Res.

2012;93:239–244.

8 | www.md-journal.com
36. Yu ML, Liu CH, Huang CF, et al. Revisiting the stopping rule for

hepatitis C genotype 1 patients treated with peginterferon plus

ribavirin. PloS One. 2012;7:e52048.

37. Huang CI, Huang CF, Huang JF, et al. Treatment efficacy of

pegylated interferon plus ribavirin therapy in chronic hepatitis C

patients with mixed genotype 1/2 infection. J Gastroenterol Hepatol.

2014;29:1012–1018.

38. Yu ML, Huang CF, Huang JF, et al. Role of interleukin-28B

polymorphisms in the treatment of hepatitis C virus genotype 2

infection in Asian patients. Hepatology. 2011;53:7–13.

39. Vermehren J, Yu ML, Monto A, et al. Multi-center evaluation of the

Abbott RealTime HCV assay for monitoring patients undergoing

antiviral therapy for chronic hepatitis C. J Clinical Virology.

2011;52:133–137.

40. Chuang WL, Yu ML. Host factors determining the efficacy of

hepatitis C treatment. J Gastroenterol. 2013;48:22–30.

41. Niederau C, Huppe D, Zehnter E, et al. Chronic hepatitis C: treat or

wait? Medical decision making in clinical practice. World J

Gastroenterol. 2012;18:1339–1347.

42. Wen CP, Tsai SP, Chung WS. A 10-year experience with universal

health insurance in Taiwan: measuring changes in health and health

disparity. Ann Intern Med. 2008;148:258–267.

43. Huang CF, Huang JF, Yang JF, et al. Interleukin-28B genetic

variants in identification of hepatitis C virus genotype 1 patients

responding to 24 weeks peginterferon/ribavirin. J Hepatol.

2012;56:34–40.

44. Lu SN, Chue PY, Chen IL, et al. Incidence of hepatitis C infection

in a hepatitis C endemic township in southern Taiwan. Kaohsiung J

Med Sci. 1997;13:605–608.

45. Tsai PS, Chang CJ, Chen KT, et al. Acquirement and disappearance

of HBsAg and anti-HCV in an aged population: a follow-up study in

an endemic township. Liver Int. 2011;31:971–979.

46. Huang CF, Huang JF, Dai CY, et al. Changing prevalence of

hepatitis C virus infection among teenagers in an endemic area in

Taiwan. Trans R Soc Trop Med Hyg. 2008;102:929–934.

47. Huang JF, Lu SN, Chue PY, et al. Hepatitis C virus infection among

teenagers in an endemic township in Taiwan: epidemiological and

clinical follow-up studies. Epidemiol Infect. 2001;127:485–492.

48. Smith BD, Morgan RL, Beckett GA, et al. Hepatitis C virus testing

of persons born during 1945–1965: recommendations from the

Centers for Disease Control and Prevention. Ann Intern Med.

2012;157:817–822.

49. McGowan CE, Fried MW. Barriers to hepatitis C treatment. Liver

Int. 2012;32 (suppl 1):151–156.

50. Huang CF, Yeh ML, Tsai PC, et al. Baseline gamma-glutamyl

transferase levels strongly correlate with hepatocellular carcinoma

development in non-cirrhotic patients with successful hepatitis C

virus eradication. J Hepatol. 2014;61:67–74.

51. http://www.therichest.com/expensive-lifestyle/lifestyle/top-10-best-

health-care-systems-in-the-world/. Available on Feb 26, 2015.

52. Yang JF, Kao YH, Dai CY, et al. Comparison of adverse effects

related to pegylated interferon-based therapy for patients with

chronic hepatitis B and chronic hepatitis C in Taiwan. Hepatol Int.

2010;4:732–740.

53. Larrey D, Salse A, Ribard D, et al. Education by a nurse increases

response of patients with chronic hepatitis C to therapy with

peginterferon-alpha2a and ribavirin. Clin Gastroenterol Hepatol.

2011;9:781–785.

Medicine � Volume 94, Number 13, April 2015
35. Huang CF, Yeh ML, Huang JF, et al. Host interleukin-28B genetic
54. Hsieh MH, Tsai JJ, Hsieh MY, et al. Hepatitis C Virus Infection

among Injection Drug Users with and without Human Immunodefi-

ciency Virus Co-Infection. PloS One. 2014;9:e94791.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.


	Huge Gap Between Clinical Efficacy and Community Effectiveness in the Treatment of Chronic Hepatitis™C
	BACKGROUD
	METHODS
	Estimation of HCV Prevalence and Population
	Estimation of Community Effectiveness
	(1) Estimation of Correct Diagnosis for HCV �Infection
	(2) Disease Awareness and (3) Disease Accessibility at Patient Level
	(4) Recommendation and (5) Acceptance of �Anti-HCV Therapy at Provider Level
	(6) Efficacy and (7) Adherence of Anti-HCV Therapy in Taiwan

	Laboratory Examinations
	Policy of Reimbursement for Anti-HCV Therapy in Taiwan
	Statistical Analysis

	RESULTS
	Estimated National HCV Prevalence and Population
	Disease Awareness
	Disease Accessibility
	Treatment Rate of HCV
	Successful Anti-HCV Therapy
	Gap Between Clinical Efficacy and Community Effectiveness of HCV Treatment
	Treatment Barriers

	DISCUSSION
	Acknowledgments


