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Background: Hepatitis C virus (HCV) infection is one of the main causes of chronic liver disease world-
wide and new drugs were licensed for its treatment. Quite a few studies worked on spectrum of respira-
tory side effects associated with those new therapies. This work aimed to evaluate respiratory side effects
associated with sofosbuvir-based regimens used for treatment of chronic HCV.
Methods: This study included 418 patients with HCV infection classified into 3 groups according to the
treatment regimen: Group 1 (IFN-Sof-Rib): received triple therapy of sofosbuvir, pegylated interferon
(Peg IFN)-a and ribavirin for 12 weeks. Group 2 (Sof-Rib): received combined therapy of sofosbuvir,
and ribavirin for 24 weeks, and Group 3 (Sof-Dacl-Rib): received triple therapy of sofosbuvir, daclatasvir
and ribavirin for 12 weeks. All patients underwent baseline assessment including history taking, clinical
examination, routine laboratory investigations, a-feto-protein, polymerase chain reaction for HCV RNA,
abdominal ultrasound, and electrocardiogram. Patients then were followed monthly during the course
of treatment for any respiratory side effects. Plain chest X-ray, high resolution computed tomography,
spirometry, bronchial challenge test, and/or fiberoptic bronchoscopy and bronchoalveolar lavage were
performed as indicated.
Results: Cough was the commonest symptom in all groups (5.9%, 13%, and 7% in groups 1, 2, and 3 respec-
tively). Obstructive ventilatory defect was the prominent pattern in the three groups without statistically
significant difference (p = 0.181). Bronchitis was the most common finding in the three groups (2.2%, 5.8%
and 3.5% in group 1, 2, and 3 respectively). It was followed by upper respiratory tract infection (URTI) in
group 2 (4.5%). URTI and bronchial hyperresponsiveness (BHR) occurred equally in group 1 (1.5%) and
group 3 (1.7%).
Conclusion: Sofosbuvir-based regimens used for treatment of chronic HCV infection are considered safe
with minor respiratory adverse effects. However, larger multicenter studies are required for further
assessment.
� 2016 The Egyptian Society of Chest Diseases and Tuberculosis. Production and hosting by Elsevier B.V.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).
Introduction prevalence of HCV. Antibody prevalence estimated at 14.7% for
Hepatitis C virus (HCV) infection is one of the main causes of
chronic liver disease worldwide [1]. Egypt has the highest
the 15–59 year old group according to a large nationally applied
cross sectional survey study carried out in Egypt in 2008 [2].

The long-term prognosis of HCV infection is highly variable,
ranging from minimal histopathological changes to severe fibrosis
and cirrhosis with or without hepatocellular carcinoma (HCC). The
worldwide number of chronically infected persons is estimated to
be about 180 million, but most are unaware of their infection [3].

Until 2011, the combination of pegylated interferon (Peg IFN)-a
and ribavirin for 48 weeks was the approved treatment for chronic
HCV infection [4]. However, IFN can cause various pulmonary
adverse effects ranging from mild interstitial pneumonitis which
is the most common pathologic finding to a severe acute respira-
tory distress-like syndrome that leads to death. Other pulmonary
epatitis
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side effects include sarcoid like reaction with non-caseating gran-
uloma formation, asthma exacerbation, pleural effusion, and bron-
chiolitis obliterans with organizing pneumonia [5,6].

In 2014, three new HCV direct-acting antivirals (DAAs) were
licensed for use as part of combination therapies for HCV infection.
They include sofosbuvir, simeprevir, and daclatasvir. With
approval of those DAAs, IFN-free combinations were broadly used
[7]. However; based on existing knowledge, quite a few studies
work on spectrum of respiratory side effects associated with those
new therapies. So, the aim of this work was to evaluate respiratory
side effects associated with use of sofosbuvir-based regimens.
Patients and methods

This study was conducted at Chest Medicine and Tropical Med-
icine Departments, Mansoura University Hospital in the period
between January 2015 and July 2016. Institutional review board
of Mansoura Faculty of Medicine, Mansoura University approved
this study and all patients gave written informed consent.

All patients underwent baseline assessment including thorough
history taking, clinical examination, complete blood count, liver
enzymes, serum creatinine, international normalized ratio, a-
feto-protein, polymerase chain reaction for HCV RNA, abdominal
ultrasound, and electrocardiogram. Inclusion criteria and selection
of drug regimen depends on EASL and AASLD International guide-
lines for treatment of chronic HCV, 2014, 2015, and 2016 [7–10].
Exclusion criteria was determined in treatment of chronic HCV
with Peg-IFN and ribavirin containing regimens included pregnant
women or couples unwilling to comply with adequate contracep-
tion; decompensated liver disease, uncontrolled depression, epi-
lepsy or psychosis; severe concurrent medical diseases and
comorbidities including retinal disease, autoimmune thyroid dys-
function; patients with absolute neutrophil counts <1500/mm3

and/or platelet counts 50,000/mm3. Exclusion criteria determined
in treatment of chronic HCV with sofosbuvir-based regimens
(Peg-IFN free) were: severe renal impairment in which creatinine
clearance 630 ml/min, pregnant women or couples unwilling to
comply with adequate contraception and advanced liver diseases.
Patients with history of a known chest disease before starting ther-
apy were also excluded.

A total of 418 patients were enrolled in the study, 13 of them
dropped out of the study, so, 405 patients completed the study
and were classified into 3 groups according to the treatment regi-
men: Group 1 (IFN-Sof-Rib): included 136 patients received triple
therapy of sofosbuvir, Peg IFN-a and ribavirin for 12 weeks. Group
2 (Sof-Rib): included 154 patients received combined therapy of
sofosbuvir, and ribavirin for 24 weeks, and Group 3 (Sof-Dacl-
Rib): included 115 patients received triple therapy of sofosbuvir,
daclatasvir and ribavirin for 12 weeks (Fig. 1).
Figure 1. Schematic represent
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Patients then were followed monthly during the course of treat-
ment for any respiratory side effects of drug regimens used with
focusing on respiratory symptoms [cough, expectoration, dyspnea,
chest pain, wheezes, hemoptysis, and influenza like illness]. The
following investigations were performed when indicated:

(1) Plain chest X-ray
(2) High resolution computed tomography if the patient devel-

ops respiratory symptoms and abnormal plain chest X-ray.
(3) For cough, it was considered as a part of upper respiratory

tract infection if it lasted <5 days. However; acute bronchitis
was considered when cough persists for more than five days
and up to 3 weeks [11]. So, spirometry with measurement of
forced expiratory volume in 1st second (FEV1), forced vital
capacity (FVC), FEV1/FVC ratio, and forced expiratory flow
in the middle part of FVC maneuver (FEF25–75%) using (smart
pft lab, Medical Equipment Europe GmbH, Germany) was
conducted for those patients with persistent cough and/or
wheezes >3 weeks according to the standardized protocol
[12].

(4) Bronchial challenge test using methacholine according to
American Thoracic Society guidelines for methacholine and
exercise challenge testing, 1999 in patients with unex-
plained dyspnea, cough, or mild airflow obstruction without
a bronchodilator response [13]. A significant bronchocon-
strictive response was defined as a drop in FEV1 by P20%
of its baseline value [14].

(5) Fiberoptic bronchoscopy and bronchoalveolar lavage for cel-
lular pattern if the patient develops interstitial infiltrates
during the course of therapy or if specific infection was sus-
pected with no response to non-specific antibiotic regimen.

Statistical analysis

The statistical analysis of data was done using SPSS program
version 16.0. The normality of data was first tested with one-
sample Kolmogorov-Smirnov test. Categorical data were presented
as numbers (percentage); chi-square (or Fisher’s Exact Test if
needed) were used to compare the results between the three
groups. For mMRC dyspnea scale; data were expressed as median
(minimum-maximum); Kruskal-Wallis H test was used to compare
the results between the three groups. For data with normal distri-
bution; descriptive statistics were used to calculate mean ± stan-
dard deviation (SD); One way ANOVA test was used to compare
the results between the three groups. Statistical significance was
defined as p value less than 0.05.

Results

The demographics of patients are described in Table 1.
ation of the studied cases.
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Table 1
Demographic data of the studied patients.

Item IFN-Sof-Rib
(n = 136)

Sof-Rib
(n = 154)

Sof-dacl-Rib
(n = 115)

Age (mean ± SD) 57.18 ± 1.95 54.64 ± 6.36 54.36 ± 7.96

Sex [No. (%)]
� Male
� Female

94 (69.1%)
42 (30.9%)

99 (64.3%)
55 (35.7%)

57 (49.6%)
58 (50.4%)

Smoking [No. (%)]
� Non smoker
� Exsmoker

82 (60.3%)
54 (39.7%)

132 (85.7%)
22 (14.3%)

77 (67%)
38 (33%)

HTN [No. (%)] 27 (19.9%) 33 (21.4%) 19 (16.5%)
DM [No. (%)] 27 (19.9%) 28 (18.2%) 19 (16.5%)
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Respiratory symptoms developed during treatment are summa-
rized in Table 2. Cough was the commonest symptom in all groups
(5.9%, 13%, and 7% in groups 1, 2, and 3 respectively). Apart from
rhinorrhea; there was no statistically significant difference
between the three groups.
Table 2
Respiratory symptoms reported in the studied patients.

Item IFN-Sof-Rib (n = 136) Sof-R

Fever 4 (2.9%) 8 (5.2
Rhinorrhea 2 (1.5%) 10 (6
Cough 8 (5.9%) 20 (1
Expectoration 4 (2.9%) 6 (3.9
Wheezes 3 (2.2%) 12 (7
Dyspnea 5 (3.7%) 11 (7
mMRC (mean ± SD) 2.4 ± 0.55 2.18

Values are expressed in number (%) except for mMRC (mean ± SD). mMRC; modified me
* Fisher exact test.

Table 3
Spirometric parameters in the studied patients.

Item IFN-Sof-Rib n = 6 Sof-R

FEV1 (L) 2.41 ± 1.12 2.51
FEV1 (%) 82.67 ± 34.89 88.89
FCV (L) 3.16 ± 0.87 3.23
FVC (%) 88.33 ± 18.10 92.47
FEV1/FVC ratio (%) 71.77 ± 19.15 78.14
FEF25–75 (%) 75.33 ± 18.62 76.23

Data are expressed in mean ± SD. FEV1; forced expiratory volume in first second, FVC; for

Table 4
Distribution of ventilator defect according to spirometricmeasurments in the studied pati

Item IFN-Sof-Rib n = 6 Sof-Rib n

Normal 4 (66.7%) 12(63.2%
Obstructive 2 (33.3%) 5 (26.3%
Restrictive 0 (0%) 2 (10.5%

Data are expressed in number (%).
* Fisher exact test.

Table 5
Frequency of respiratory complications in the studied patients.

Item IFN-Sof-Rib n = 136 Sof

Tuberculosis 1 (0.7%) 0 (0
Lung abscess 2 (1.5%) 2 (1
URTI 2 (1.5%) 7 (4
Bronchitis 3 (2.2%) 9 (5
BHR 2 (1.5%) 2 (1
Unexplained dyspnea 0 (0%) 0 (0

Data are expressed in number (%).URTI; upper respiratory tract infection, BHR; bronchia
* Fisher exact test.

Please cite this article in press as: D. Abouelkheir Abdalla et al., Respiratory adve
C virus, Egypt. J. Chest Dis. Tuberc. (2017), http://dx.doi.org/10.1016/j.ejcdt.20
The results of spirometry performed for patients according to
their indications are summarized in Tables 3 and 4. Obstructive
ventilatory defect was the prominent pattern in the three groups
without statistically significant difference (p = 0.181).

In the studied patients, bronchitis was the most common find-
ing in the three groups (2.2%, 5.8% and 3.5% in group 1, 2, and 3
respectively. It was followed by upper respiratory tract infection
(URTI) in group 2 (4.5%). However, URTI and bronchial hyperre-
sponsiveness (BHR) occurred equally in group 1 (1.5%) and group
3 (1.7%) (Table 5).
Discussion

HCV infects more than 170 million people worldwide. Over 80%
of infected persons develop chronicity with increased potential to
develop cirrhosis and HCC [15,16].

Peg IFN-a was the standard of care for treatment of HCV infec-
tion in combination with ribavirin until 2011 [4]. In addition to
many haematological, neuropsychiatric, autoimmune disorders, it
ib (n = 154) Sof-dacl-Rib (n = 115) P value

%) 2 (1.7%) 0.294*

.2%) 2 (1.7%) 0.042*

3%) 8 (7%) 0.073
%) 2 (1.7%) 0.663*

.8%) 6 (5.2%) 0.101

.1%) 6 (5.2%) 0.427
± 0.41 2.33 ± 0.52 0.649

dical research council.

ib n = 19 Sof-dacl-Rib n = 10 P value

± 0.71 2.12 ± 0.71 0.349
± 19.91 76.17 ± 20.57 0.272

± 0.88 2.89 ± 0.89 0.552
± 16.06 86.83 ± 22.53 0.651
± 8.43 72.70 ± 7.82 0.195
± 21.00 57.83 ± 25.52 0.061

ced vital capacity, FEF25–75; forced expiratory flow during the middle half of the FVC.

ents.

= 19 Sof-dacl-Rib n = 10 P value

) 2 (20%) 0.181*

) 6 (60%)
) 2 (20%)

-Rib n = 154 Sof-dacl-Rib n = 115 P value

%) 0 (0%) 0.354*

.3%) 0 (0%)

.5%) 2 (1.7%)

.8%) 4 (3.5%)

.3%) 2 (1.7%)
%) 2 (1.7%)

l hyper-reactivity.
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was associated with significant pulmonary adverse effects ranging
from mild interstitial pneumonitis to a severe acute respiratory
distress–like syndrome that may lead to death [5].

Sofosbuvir is a new DAAs for HCV treatment. It was approved by
US FDA (6 December 2013) for treatment of chronic HCV infection
as it has shown a substantial improvement over the Peg IFN-
Ribavirin. It is a nucleotide analog that is a highly potent inhibitor
of the NS5B polymerase (which is one of the non-structural pro-
teins essential for HCV-RNA replication). It has shown high efficacy
in combination with several other drugs with and without Peg IFN-
a, against HCV [17].

However; to date, quite a few studies work on spectrum of res-
piratory side effects associated with those new therapy. So, the aim
of this work was to evaluate respiratory side effects associated
with use of sofosbuvir-based regimens in treatment of chronic
HCV infection.

In our study, we classified patients into three groups according
to treatment regimen given for HCV infection. Cough was the com-
monest symptom in all groups (5.9%, 13%, and 7% in group 1, 2, and
3 respectively. Bronchitis was the most common finding in the
three groups (2.2%, 5.8% and 3.5% in group 1, 2, and 3 respectively).
It was followed by URTI (1.5%, 4.5%, 1.7%). The frequency of URTI
and BHR were equal in the group 1 and 3. These results were in
agreement with many studies conducted to assess DAAs adverse
effects. For example; Kohli et al. (2015) studied 20 patients with
HCV infection. They were treated by ledipasvir (90 mg) and sofos-
buvir (400 mg) as a single combination tablet once per day. Two
patients (10%) developed URTI [18]. In another study by Kao
et al. (2016); 87 patients received treatment with sofosbuvir plus
weight-based ribavirin for 12 weeks. URTI occurred in 16%
(14/87) of patients [19]. Also, Lai et al. (2016) evaluated the
efficacy and safety of 12 weeks sofosbuvir with ribavirin to treat
31-naïve chronic HCV patients. URTI was the most common
adverse effect (13%) [20]. Simon et al. (2016) enrolled non cirrhotic
patients with HCV genotype-1b and significant cardiovascular
diseases. Administration of a fixed-dose, oral combination of
Ledipasvir and sofosbuvir for 12 weeks was associated with high
rates of sustained virological response (SVR) and minimal adverse
events. The most commonly reported adverse events were
gastrointestinal illness and upper respiratory viral-type illness
[21].

In European Medicines Agency summary about sofosbuvir
characteristics, dyspnea, cough, and influenza-like illness were
reported as very common side effects for triple therapy with
sofosbuvir, Peg IFN-a and ribavirin. For combined therapy with
sofosbuvir, and ribavirin; nasopharyngitis, dyspnea, and cough
were reported as common side effects [22]. Also in Antiviral Drugs
Advisory Committee Meeting, they reported flu-like symptoms as
one of the Common adverse effects of combined therapy with
sofosbuvir, and ribavirin. However, compared to patients treated
with Peg IFN-a and ribavirin, there was statistically significant dif-
ference (P < 0.001) with higher occurrence in Peg IFN-a and rib-
avirin group [23]. Gilead Sciences published the safety
assessment of sofosbuvir based on pooled Phase 3 clinical trial data
and found that flu-like symptoms was reported in 18% of patients
treated with IFN-a and ribavirin compared to 16% in of
patients treated with sofosbuvir, IFN-a and ribavirin; and in 6%
of patients treated with sofosbuvir and ribavirin for 24 weeks
compared to 3% in of patients treated with sofosbuvir and ribavirin
for 12 weeks only [24].

Although all these symptoms were more frequent in the
patients starting therapy on sofosbuvir-ribavirin but this difference
was statistically not significant. Rhinorrhea was statistically more
frequent in the 2nd group (1.5%,6.2%, 1.7%; p = 0.042) and this
may be due to the prolonged duration of therapy of this group as
it is the only regimen with 24 weeks duration while the other
Please cite this article in press as: D. Abouelkheir Abdalla et al., Respiratory adve
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two regimen continue for only 12 weeks. Flu like symptoms is a
well known adverse effect of IFN-a, usually occurs in early weeks
of treatment and severity declines in the later treatment period
[25]. However, this adverse effect was also found in patients trea-
ted with IFN-a free regimens.

Most adverse effects reported in this study were mild. Never-
theless; we reported a case of pulmonary tuberculosis in one
patients starting triple therapy with IFN-Sof-Rib.and four cases of
lung abcesses; 2 in IFN-Sof-Rib and 2 in Sof-Rib. Helmers et al.
(2015) described a case of liver transplant recipient who was
receiving simprevir-sofosbuvir and developed histologically con-
firmed severe pulmonary toxicity in the form of organizing diffuse
alveolar damage and postulated that pulmonary toxicity should be
considered a potential serious complication of novel antiviral ther-
apy for HCV infection [26]. Renard et al. (2016) reported three
cases of newly diagnosed and one case with exacerbated pul-
monary arterial hypertension (PAH) in patients treated with sofos-
buvir. Severity and acuteness of PAH, as well as chronology, could
suggest a causal link between HCV treatment and PAH onset. They
hypothesized that suppression of HCV replication promotes a
decrease in vasodilatory inflammatory mediators leading to wors-
ening of underlying PAH and suggested that sofosbuvir-based ther-
apy may be associated with severe PAH [27]. However, this side
effect was not reported in our study based on clinical finding.

Our study has some limitations. First, the presence of ribavirin
in the combination of the three groups that has known association
with dry cough. So, at this level, we cannot address the cough to be
only related to sofosbuvir use, and further studies not including
ribavirin are needed. Also, at the present time we could not per-
form cardiopulmonary exercise testing for unexplained dyspnea.
We hope that larger multicenter studied will be conducted in
nearby future.
Conclusion

Sofosbuvir-based regimens used for treatment of chronic HCV
infection are considered safe with minor respiratory adverse
effects. However, larger multicenter studies are required for fur-
ther assessment.
Conflict of interest
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