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In this study, a nationwide database was used to identify the risk factors for treatment discontinuation 
due to adverse events during telaprevir, peginterferon, and ribavirin (T/PR) treatment, and estimate the in-
crease in the occurrence of adverse events when patients have multiple risk factors at the same time. The risk 
factors were identified using univariate logistic regression analysis, and a Cochran–Armitage trend test was 
used to analyze the correlation between the number of risk factors and treatment discontinuation due to ad-
verse events. Of the 25989 individuals registered in the database, 1668 (age, mean±standard deviation (S.D.): 
58.0±9.9) were included in the study. Of these, 188 (11.3%) discontinued T/PR therapy due to adverse events. 
In the univariate logistic regression analysis, sex, age, aspartate aminotransferase (AST) level, and platelet 
count were found to significantly affect the incidence of T/PR treatment discontinuation (p<0.05). Further-
more, the incidence of treatment discontinuation gradually increased from 4.6 to 27.2% as the number of 
risk factors increased from 0 to 4, and the Cochran–Armitage trend test showed a significant correlation 
(p<0.001). In conclusion, this study not only revealed the risk factors for treatment discontinuation but also 
showed that patients with multiple risk factors are more likely to discontinue treatment due to adverse events 
compared to patients with fewer risk factors.
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Hepatitis C is caused by hepatitis C virus (HCV) infection. 
Approximately 150 million individuals have chronic HCV in-
fection worldwide,1) and approximately 700000 individuals die 
from hepatitis C-related liver diseases every year. Treatments 
for chronic HCV infection that utilize direct-acting antiviral 
agents, such as sofosbuvir plus ribavirin or sofosbuvir plus 
ledipasvir, have been developed in recent years, and sustained 
virologic responses (SVRs) of ca. 90% have been achieved.2–4) 
However, the cost of these treatments is high, and access to 
these treatments is limited.5,6) As a result, common medical 
approaches are often still used to treat chronic HCV infection. 
Among the common approaches, a triple therapy comprising 
telaprevir, peginterferon, and ribavirin (T/PR) is still clinically 
applied for the treatment of genotype 1 hepatitis C, but this 
treatment is more likely to cause adverse events than recent 
interferon-free treatments, which can make utilization of T/PR 
problematic.7–9) In the clinical trials of T/PR therapy, almost 
all of the participants experienced some adverse effects, with 
10 to 20% of the patients having to discontinue the therapy as 
a result of these adverse events.7,8) Therefore, the identification 
of risk factors for adverse events is important to ensure that 
patients can be treated as safely as possible.

A previous study suggested that low platelet count was a 
risk factor for hospitalization during T/PR therapy.10) However, 
there are a limited number of studies focusing on the risk 
factors for adverse events during T/PR therapy, and patients 
with multiple risk factors have not been discussed in detail 
in previous clinical studies.10,11) In clinical practice, patients 
typically have several functional disorders related to an un-

derlying disease, and estimating the influence of multiple risk 
factors on adverse events is very important, because the risk 
of adverse events may increase in patients with multiple risk 
factors.12) Therefore, detailed information based on real-world 
data is needed to help monitor patient status during therapy.

On the basis of this information, we conducted a real-world 
retrospective cohort study using a nationwide database to 
evaluate the risk factors for treatment discontinuation due to 
adverse events during T/PR therapy. In addition, we used the 
Cochran–Armitage trend test to estimate the increase in the 
occurrence of adverse events in patients with multiple risk 
factors.

METHODS

Study Design  We conducted a real-world retrospective 
cohort study using a nationwide database containing informa-
tion on hepatitis C treatment in Japan.13) All of the 47 pre-
fectures in Japan were invited to contribute to the database 
according to the Basic Act on Hepatitis Measures (Act No. 
97; December 4, 2009), which was authorized by the Japanese 
government, and the database started to register cases in De-
cember 2009. Case registrations were performed according to 
the following process: 1) the physician filled out a standard-
ized case report form, 2) the case report form was sent to the 
Hepatitis Information Center (Chiba, Japan), and 3) the case 
was registered in the database. The standardized case report 
form included the following information: sex, date of birth, 
age, clinical and/or histologic diagnosis, treatment experience, 

* To whom correspondence should be addressed. e-mail: kawasaki.yohei.2r@kyoto-u.ac.jp



646 Vol. 40, No. 5 (2017)Biol. Pharm. Bull.

type(s) of treatment, treatment period (start and end of treat-
ment), laboratory test results (serum HCV RNA level, HCV 
serotype and/or genotype, aspartate aminotransferase (AST) 
level, alanine aminotransferase (ALT) level, and platelet 
count), adverse events, date of completion of treatment, and 
treatment outcome. The SVR was used as a measure of the 
treatment outcome, and was determined using the serum HCV 
RNA level 24 weeks after cessation of treatment. If the serum 
HCV RNA level reduced to below the detectable level during 
this time, the case was judged to have an SVR.

Study Population  The present study focused on patients 
with chronic hepatitis C who were treated with T/PR, and 
analyzed the risk factors related to discontinuation of the 
treatment. The registration period was from December 2009 
to August 2015, and patients with chronic hepatitis C were 
included in the study, unless they met one or more of the 
following exclusion criteria: they were infected with a HCV 
genotype other than genotype 1, they were also infected with 
hepatitis B virus (HBV), they suffered from cirrhosis, they 
were not treated with T/PR, they were under 16 years of age, 
the treatment was discontinued for a reason other than adverse 
events, or the required clinical data was missing. An age 
criterion was included because disease prognosis is different 
between children and adults.14)

Study Outcomes  The primary outcome measure of this 
study was to estimate the influence of multiple risk factors on 
treatment discontinuation due to adverse events during T/PR 
therapy. The secondary outcome measures were 1) the cut-off 
values of the factors expressed as continuous variables, 2) the 
influence of each factor on treatment discontinuation, and 3) a 
descriptive summary of the adverse events that caused treat-
ment discontinuation. The following categories are used to 
describe adverse events that caused treatment discontinuation: 
malaise, interstitial pneumonia, cerebral hemorrhage, anemia, 
anorexia, thrombocytopenia, psychoneurosis, retinopathy, and 
any other reason.

Statistical Analysis  Continuous variables are presented 
as the mean±standard deviation (S.D.), and categorical vari-
ables are presented as a number and percentage (%). The 
values for each variable (including age and laboratory test val-
ues) were taken immediately before T/PR therapy. The cut-off 
value for each factor (age, AST, ALT, platelet count) was de-
termined using receiver operating characteristic (ROC) curve 
analysis,15) and a univariate logistic regression analysis was 
performed to analyze the relationship between each factor and 
treatment discontinuation. Factors with p<0.050 in the uni-
variate logistic regression analysis were then included in the 
multivariate analysis (a multivariate logistic regression analy-
sis, and an analysis to estimate the influence of multiple risk 
factors on treatment discontinuation). For comparison, multi-
variate analyses were also performed with wider conditions, 
including factors with p<0.150 and p<0.200 in the univariate 
logistic regression analysis. The results of the univariate and 
multivariate logistic regression analyses were shown as odds 
ratios (ORs) and 95% confidence intervals (CIs).

Before estimating the influence of multiple risk factors on 
treatment discontinuation, the number of risk factors and the 
incidence of treatment discontinuation were determined. Then, 
a Cochran–Armitage trend test was used to estimate the cor-
relation between the number of risk factors and the incidence 
of treatment discontinuation due to adverse events.16,17) In ad-

dition, the Cox proportional hazard regression model was used 
to calculate the hazard ratio (HR) and 95% CI of treatment 
discontinuation due to adverse events for each number of risk 
factors.18)

All of the statistical analyses were performed using SAS 
version 9.4 for Windows (SAS Institute Inc., Cary, NC, 
U.S.A.) and JMP Pro 13 (SAS Institute Inc.).

Ethical Considerations  This study was conducted in ac-
cordance with the Declaration of Helsinki. Written informed 
consent was obtained from the participants prior to enroll-
ment, and the protocol was approved by the Ethics Commit-
tee of the National Center for Global Health and Medicine 
of Japan on October 1st, 2009 (No. 738). The Strengthening 
the Reporting of Observational Studies in Epidemiology 
(STROBE) checklist used for this observational study is pro-
vided as Supplementary material (see Checklist 1).

RESULTS

Clinical Characteristics of the Study Subjects  A flow 
diagram showing the study procedure is presented in Fig. 1, 
and the clinical characteristics of the study subjects are pre-

Fig. 1. Flow Diagram of the Study Procedure

Table 1. Clinical Characteristics

Characteristic T/PR (N=1668)

Age (yr), mean±S.D. 58.0±9.9
Sex, N (%)

Male 935 (56.1)
Female 733 (43.9)

Platelet count (×104/µL), mean±S.D. 16.4±5.3
AST (IU/L), mean±S.D. 53.2±37.7
ALT (IU/L), mean±S.D. 63.1±52.4
HCV viral load*, N (%)

High 1616 (96.9)
Low 52 (3.1)

Treatment experience, N (%)
Initial treatment 787 (47.2)
Retreatment 881 (52.8)

* High viral load: ≥5.0 Log IU/mL (RT-PCR, Cobas® TaqMan HCV Test; Roche 
Molecular Systems, Pleasanton, CA, U.S.A.), or ≥100 K IU/mL (Cobas® Amplicor 
HCV Monitor v2.0; Roche Molecular Systems, Pleasanton, CA, U.S.A.); low viral 
load: <5.0 Log IU/mL (RT-PCR, Cobas® TaqMan HCV Test; Roche Molecular 
Systems, Pleasanton, CA, U.S.A.), or <100 K IU/mL (Cobas® Amplicor HCV Moni-
tor v2.0; Roche Molecular Systems, Pleasanton, CA, U.S.A.). ALT, alanine amino-
transferase; AST, aspartate aminotransferase; HCV, hepatitis C virus; S.D., standard 
deviation; T/PR, telaprevir, peginterferon and ribavirin; yr, year.
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sented in Table 1. Of the 47 prefectures invited, 38 agreed to 
participate in the study. During the study period from Decem-
ber 2009 to August 2015, 25989 individuals were registered in 
the database. Among them, 1668 individuals (age, mean±S.D.: 
58.0±9.9) were included in the study. The other 24321 indi-
viduals were excluded from the study because they met one 
or more of the exclusion criteria. The number of patients who 
met each exclusion criteria is shown in Fig. 1.

Treatment Discontinuation Due to Adverse Events  Out 
of the 1668 patients included in the study, 188 (11.3%) discon-
tinued T/PR therapy due to adverse events. The categories of 
adverse event that caused treatment discontinuation are shown 
in Table 2. Several patients experienced two or more adverse 
events. Except for the “any other reason” category, throm-
bocytopenia, malaise, and anorexia were the main adverse 
events.

The cut-off values for the continuous variables estimated by 
ROC curve analysis were as follows: age, 62 years; AST level, 
59 IU/L; ALT level, 51 IU/L; platelet count, 14.8 ×104/µL. In 
the univariate logistic regression analysis, which included 
these and other categorical variables, sex (female: OR=1.675; 
95% CI=1.234 to 2.273; p<0.001), age (≥62 years: OR=2.330; 
95% CI=1.706 to 3.183; p<0.001), AST level (≥59 IU/L: 
OR=1.478; 95% CI=1.076 to 2.031; p=0.016), and platelet 
count (<14.8×104/µL: OR=1.584; 95% CI=1.168 to 2.147; 
p=0.003) were found to significantly affect the incidence of 
T/PR treatment discontinuation (Table 3). These variables 
were also found to significantly influence the incidence of 
treatment discontinuation due to adverse events during T/PR 
therapy in the multivariate analysis as follows: sex (female: 
OR=1.588; 95% CI=1.164 to 2.167; p=0.004), age (≥62 years: 

OR=2.219; 95% CI=1.616 to 3.048; p<0.001), AST level 
(≥59 IU/L: OR=1.492; 95% CI=1.073 to 2.075; p=0.017), 
and platelet count (<14.8×104/µL: OR=1.399; 95% CI=1.021 
to 1.918; p=0.037) (Table 3). The results of the univariate 
and multivariate analysis were exactly the same when using 
p<0.150 as the selection criterion for determining which fac-
tors would be included in the multivariate analysis. When 
using p<0.200 as the selection criterion, 5 potential risk fac-
tors (sex, age, AST, platelet count, and ALT) were selected 
in the univariate analysis, but the number of patients with all 
5 potential risk factors was only 1. As a result, we could not 
determine the statistical implications of this result.

Table 2. Incidences of Adverse Events That Led to Treatment Discon-
tinuation

T/PR

N %

Total N 1668 100
Treatment discontinuation* 188 11.3

Malaise 51 3.1
Interstitial pneumonia 2 0.1
Cerebral hemorrhage 1 0.1
Anemia 29 1.7
Anorexia 42 2.5
Thrombocytopenia 52 3.1
Psychoneurosis 1 0.1
Retinopathy 10 0.6
Any other reason 118 7.1

* Several patients had two or more adverse events that caused treatment discontinu-
ation. T/PR, telaprevir, peginterferon and ribavirin.

Table 3. Univariate and Multivariate Logistic Regression Analysis

Treatment 
discontinuation Univariate logistic regression Multivariate logistic regression

N=1668 N=188 OR (95% CI) p-value OR (95% CI) p-value

Sex
Male 935 84 1 1
Female 733 104 1.675 (1.234, 2.273) <0.001 1.588 (1.164, 2.167) 0.004

Age (yr)
<62 947 72 1 1
≥62 721 116 2.330 (1.706, 3.183) <0.001 2.219 (1.616, 3.048) <0.001

Treatment
Re-treatment 881 94 1 —
Initial treatment 787 94 1.136 (0.838, 1.538) 0.412 — —

HCV VL*
Low 52 5 1 —
High 1616 183 1.200 (0.471, 3.057) 0.702 — —

AST (IU/L)
<59 1182 119 1 1
≥59 489 69 1.478 (1.076, 2.031) 0.016 1.492 (1.073, 2.075) 0.017

ALT (IU/L)
<51 918 95 1 —
≥51 750 93 1.226 (0.905, 1.662) 0.188 — —

Platelet count (×104/µL)
≥14.8 967 90 1 1
<14.8 701 98 1.584 (1.168, 2.147) 0.003 1.399 (1.021, 1.918) 0.037

* High viral load: ≥5.0 Log IU/mL (RT-PCR, Cobas® TaqMan HCV Test; Roche Molecular Systems, Pleasanton, CA, U.S.A.), or ≥100 K IU/mL (Cobas® Amplicor HCV 
Monitor v2.0; Roche Molecular Systems, Pleasanton, CA, U.S.A.); low viral load: <5.0 Log IU/mL (RT-PCR, Cobas® TaqMan HCV Test; Roche Molecular Systems, Pleasan-
ton, CA, U.S.A.), or <100 K IU/mL (Cobas® Amplicor HCV Monitor v2.0; Roche Molecular Systems, Pleasanton, CA, U.S.A.). ALT, alanine aminotransferase; AST, aspartate 
aminotransferase; CI, confidence interval; HCV, hepatitis C virus; OR, odds ratio; VL, viral load; yr, year.
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Multiple Risk Factors and Treatment Discontinua-
tion  The descriptive results for the number of risk factors 
and the incidence of treatment discontinuation are shown in 
Table 4. The incidence of treatment discontinuation gradually 
increased from 4.6 to 27.2%, as the number of risk factors in-
creased from 0 to 4. The Cochran–Armitage trend test showed 
that there was a significant correlation between the number of 
risk factors and the incidence of treatment discontinuation due 
to adverse events (p<0.001, Table 4). The Cox proportional 
hazard regression analysis also showed a significant increase 
in treatment discontinuation when patients had ≥2 risk fac-
tors, and the point estimates of the adjusted HR ranged from 
3.074 to 6.621 (2 vs. 0: adjusted HR=3.074, 95% CI=1.672 to 
5.649, p=0.001; 3 vs. 0: adjusted HR=3.908, 95% CI=2.060 to 
7.413, p<0.001; 4 vs. 0: adjusted HR=6.621, 95% CI=3.130 to 
14.003, p<0.001) (Table 5).

DISCUSSION

We conducted a real-world retrospective cohort study to 
evaluate the risk factors for treatment discontinuation due to 
adverse events during T/PR therapy, and estimate the increase 
in treatment discontinuation due to adverse events when pa-
tients had multiple risk factors at the same time. During this 
study, we used a nationwide database including data from 38 
prefectures (80.9% of the prefectures in Japan), so the results 
would be representative of real-world treatment.13) Our results 
revealed that several risk factors significantly influence the 
incidence of treatment discontinuation, and suggested that 
patients with multiple risk factors tended to exhibit a higher 
incidence of treatment discontinuation than that exhibited by 
patients with fewer risk factors.

Among the patients in this study, 11.3% discontinued 
T/PR therapy due to adverse events. The rate of treatment 
discontinuation due to adverse events was similar to that re-
ported in previous clinical studies.7–9) However, these previous 
clinical studies did not focus on the risk factors for treatment 
discontinuation due to adverse events. As has been reported 
regarding the efficacy and toxicity of PR therapy,19,20) our 

study suggests that female patients, older patients, patients 
with high AST levels, and patients with low platelet count 
are significantly more likely to discontinue treatment due to 
adverse events. In addition, our results indicate that patients 
with a larger number of risk factors are more likely to discon-
tinue treatment than are patients with fewer risk factors. The 
results of the Cochran–Armitage trend test were statistically 
significant, and the hazard ratio compared with patients with 
no risk factors increased from 1.636 to 6.621 as the number of 
risk factors increased from 1 to 4. These results strongly sug-
gest that the presence of multiple risk factors has a significant 
influence on the incidence of treatment discontinuation due 
to adverse events. Therefore, it is important to monitor these 
factors in patients with chronic hepatitis C, to ensure that they 
can be treated safely.

The results of this study could be useful in ensuring that it 
is safe to utilize T/PR therapy for a particular patient, but this 
study also had several limitations. The main limitation of this 
study is the number of patients included in the analysis. After 
extracting the patients from the database and applying the 
exclusion criteria, <2000 patients remained that could be in-
cluded in the analysis. Furthermore, the database only covered 
ca. 20% of patients who received a subsidy from the Japanese 
government. Therefore, the estimated values in this study 
may only reflect a limited population in clinical practice.13) 
However, the hazard ratio of 0 vs. 4 risk factors was >5, and 
this suggests that the presence of multiple risk factors is of 
medical importance. Future studies using a database that cov-
ers a larger number of chronic hepatitis C patients in Japan, as 
well as more modern treatments (e.g. interferon-free regimens 
using direct-acting antivirals) will reveal the clinical impor-
tance of risk factors more accurately. The methods used in 
this study can be easily applied to other treatment regimens, 
which will be an advantage for future investigations.

Previous reports have indicated that the dose of a drug is 
also important in determining the risk of adverse events.21–23) 
Compared to that of previous reports, a major advantage of 
this study is that the database used included a larger number 
of patients from all over Japan. However, the database did not 
include any information about the dose of drugs used. The 
selected population of this study is also a potential limitation. 
In this study, we only included patients with genotype 1 HCV 
in the analysis. This criterion was chosen to control differ-
ences in treatment outcome between genotypes. However, 
T/PR therapy is also used to treat genotype 2 HCV infection 
in clinical practice. Therefore, additional studies including 
the dose of drugs used, and including patients with genotype 
2 HCV will provide more useful information to help treat 
chronic hepatitis C efficiently.

In summary, this study not only revealed that there are 
several risk factors for treatment discontinuation but also 
showed that patients with multiple risk factors are more likely 
to discontinue treatment due to adverse events than are pa-
tients with a smaller number of risk factors. The results of the 
present study and future studies on interferon-free regimens 
using the methods applied in this study will provide important 
information to treat patients with chronic hepatitis C more 
safely.
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