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Hepatitis C virus (HCV) infection is considered as a major public health problem

that, worldwide, chronically affects 170 million people. Elderly patients are more

likely than younger patients to have increased duration of infection, increased rate

of disease progression, and subsequently increased incidence of advanced liver

disease. Natural history models predicted that the prevalence of HCV infection

and its chronic sequelae as well as extrahepatic manifestations will eventually

increase through the next decade and will mostly affect those who are greater

than 60 years of age. Moreover, polytherapy and polypharmacy are frequent in

elderly patients due to associated comorbidities. As advanced age is associated

with increasing risk of development of cirrhosis and hepatocellular carcinoma,

elderly patients are in special need of safe and effective antiviral therapies.

Achievement of sustained viral responses (SVR) is associated with reduced liver-

related complications and overall mortality in such patients with the advanced

liver disease. With the recent introduction of interferon‐free direct‐acting
antivirals, successful treatment for chronic HCV infection had dramatically

improved, with overall cure rates that exceed 90% SVR. In our study, we aimed

to study the efficacy and safety of combined sofosbuvir and daclatasvir, with or

without ribavirin, in management of chronically infected HCV elderly patients who

are more than 60 years old.
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1 | INTRODUCTION

Hepatitis C virus (HCV) infection is considered as a major public health

problem that, worldwide, chronically affects 170 million people. Due to

progressive aging of the infected population, management of the elderly

HCV‐infected patients significantly emerged in the era of new therapies.1

Elderly patients are more likely than younger patients to have an

increased duration of infection, increased rate of disease progression, and

subsequently increased incidence of advanced liver disease.2 Natural

history models predicted that the prevalence of HCV infection and its

chronic sequelae will eventually increase through the next decade and

will mostly affect those who are greater than 60 years of age. They are

more likely to suffer from extrahepatic manifestations of HCV infection,

such as fatigue and neuropsychological disorders. Moreover, polytherapy

and polypharmacy are frequent in elderly patients due to associated

comorbidities.
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The high prevalence of HCV infection in an elderly population in

countries like Italy, Japan, and Egypt was explained by considering

specific factors that led to past peaks of infections.1 In Egypt, HCV

transmission through blood products and illicit drugs was not the

major route of infection. Indeed, significant transmission occurred

through injection therapies related to the past parenteral treatment

campaigns for schistosomiasis that took place during 1950s‐1960s
and up to the 1970s.3

As advanced age is associated with increased risk of development

of cirrhosis and HCC, elderly patients are in special need of safe and

effective antiviral therapies.4 Achievement of sustained viral re-

sponses (SVR) is associated with reduced liver‐related complications

and overall mortality in such patients with the advanced liver

disease.5 Interferon‐based regimens in patients aged ≥65 years were

associated with higher incidences of side effects including anemia,

neutropenia, and thrombocytopenia. Theoretically, these side effects

can trigger cardiac events and promote infectious disease or

hemorrhages.1 In turn, they are associated with higher discontinua-

tion rates and lower SVR rates, partly due to side effects and partly

due to a reduced stimulatory effect of interferon on the aged immune

system.6 With the recent introduction of interferon‐free direct‐acting
antivirals (DAAs), successful treatment of chronic HCV infection has

dramatically improved with overall cure rates that exceed 90% SVR.7

In our study, we aimed to study the efficacy and safety of combined

sofosbuvir (SOF) and daclatasvir (DCV), with or without ribavirin

(RBV), in the management of chronically infected HCV elderly

patients who are more than 60 years old.

2 | PATIENTS AND METHODS

2.1 | Study design and patients’ selection

This is a multicenter prospective observational study on a cohort of

patients infected with chronic HCV aged 60 years or more who

received daily SOF (400mg) and DCV (60mg) with or without

weight‐based RBV (1000mg for with body weight of <75 kg and

1200 if weight >75 kg) as anti‐HCV treatment in routine clinical

practice in four specialized treatment centers specially concerned

with HCV management.

The current study was conducted in accordance with Good

Clinical Practice guidelines and declaration of Helsinki after local

ethical committee approval. All data were anonymized, and patients

were asked to consent to contribute to the registries.

Eligible patients were older than 60 years with chronic HCV

infection either treatment‐naive or experienced. The defined age

subgroups were 60‐65 and ≥65 years. Liver cirrhosis was defined on

the basis of a liver biopsy, a liver stiffness measurement (FibroScan)

≥12.5 kPa, or FIB‐4>3.25. Key exclusion criteria included human

immunodeficiency virus coinfection, clinically evident hepatic decom-

pensation (presence of ascites and/or encephalopathy), calculated

creatinine clearance ≤30mL/min, extrahepatic malignancy (except

after 2 years of the disease‐free interval) or refusal to give consent to

data registry.

2.2 | Comorbidities and concurrent medications

Baseline comorbidities such as the presence of diabetes mellitus,

hypertension, cardiovascular disease (ischemic related or not),

chronic obstructive pulmonary disease (COPD), and history of

extrahepatic malignancy were recorded.

In addition, the medications taken by the patients at baseline

were listed. The drugs were categorized into different categories that

included: cardiovascular medications (antihypertensive or antiaggre-

gants), antidiabetics (oral antidiabetics or insulin), bronchodilators,

corticosteroids, analgesics (nonsteroidal anti‐inflammatories), and

other medications.

2.3 | Efficacy and safety monitoring

Efficacy and safety data were reported for any patient receiving at

least one dose of SOF plus DCV with or without RBV. HCV‐RNA level

was measured by COBAS AmpliPrep/COBAS TaqMan HCV test, v2.0

(Roche Molecular Diagnostics, Branchburg, NJ) with a lower limit of

quantitation of 15 IU/mL at baseline and at 12 weeks posttreatment.

The primary efficacy endpoint was defined by a sustained virologic

response at 12 weeks after the end of treatment defined as a HCV‐
RNA below the assay’s lower limit of detection at 12 weeks after the

end of therapy (SVR12). Virological relapse was defined as HCV‐RNA

detectable during posttreatment in a patient with undetectable HCV‐
RNA at the end of the treatment. Virological breakthrough was

defined as a confirmed increase from the nadir in the HCV‐RNA level

of at least 1 log IU/mL or a confirmed detectable HCV‐RNA level

after undetectable HCV‐RNA during treatment. Safety endpoints

included graded adverse events (AEs), serious AEs, discontinuations

due to AEs, and deaths.8

2.4 | Statistical analysis

The summary statistics for continuous variables are presented as

mean ± standard deviation or median (interquartile range) and

compared with either Student t test or Mann‐Whitney U test

according to the distribution of data. The summary statistics for

discrete variables are presented as number (percentage) and

compared with Chi‐square or Fisher’s exact test. Univariate and

multivariate‐adjusted logistic regression analysis is performed to

identify baseline factors associated with SVR12. Data from regres-

sion models are presented as odds ratios (OR) with 95% confidence

intervals (95% CI). All statistical analyses were based on two‐sided
hypothesis tests with a significance level of P < 0.05. STATA 14

(College Station, TX) software was used for all descriptive statistics

and analyses.

3 | RESULTS

A total of 285 patients aged ≥60 years who were treated with SOF

plus DCV with or without RBV were included in this report. Of these,
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158 (55.4%) were aged 60‐65 years and 127 (45.6%) were aged

66‐80 years at the beginning of antiviral therapy. Overall, the mean

age was 65.9 years; 50.9% were men (n = 145). A significant

proportion of patients (n = 131, 46%) had liver cirrhosis. Most of the

included patients (n = 220, 77.2%) were treatment‐naïve with a

significantly higher percentage of treatment‐naïve patients in younger

age subgroup. Detailed demographic, clinical and laboratory baseline

characteristics, and distribution of antiviral regimens varied with age

of the global cohort are depicted in Table 1 and Figure 1.

The sustained virological response was achieved by 91.9%

(262/285) of all included cohort; 92.4% (146/158) of those aged

60%‐65% and 91.3% (116/127) of those aged between 65 and 80

years with no observed difference in SVR12 rates between the

included two age groups (Figure 1). When analyzing the reasons for

non‐SVR12 response (n = 23), eight patients were nonresponders

because of premature treatment discontinuation due to AEs and 15

patients because of virological failure (10 patients did not achieve the

end of treatment response and 5 relapsers). The nonresponder

patients were from the older age group apart from a single patient. In

contrast, relapser patients were from the younger age group apart

from a single patient.

Treatment‐naïve patients had significantly higher SVR12 rates

(93.6 vs 86.2; P = 0.05). The addition of RBV, the presence of

cirrhosis, low platelets, or albumin values did not impact on SVR12

rates (P values, 0.3, 0.1, 0.4, and 0.2, respectively) (Figures 2 and 3). In

the overall cohort, only hyperbilirubinemia (>upper limit normal)

remained as an independent negative predictor for the achievement

of SVR12 in multivariate logistic regression analysis (OR, 0.28; 95%

CI, 0.10‐0.79; P = 0.02) (Table 2).

The most commonly reported comorbidities among our cohort

included diabetes mellitus (n = 130) followed by arterial hypertension

(n = 15) and COPD (n = 9). The distribution of comorbidities was

similar among the two age categories. The use of concomitant

medications was recorded; the most common drug classes that were

taken included antidiabetics, antihypertensive, and bronchodilators

TABLE 1 Demographic, clinical, and laboratory data of the study cohort and their treatment regimen, n = 285

Variable All patients n = 285 60‐65 y n = 158 66‐80 y n = 127 P value*

Mean age (range) 65.9 (60‐80) 63.1 (60‐65) 69.4(66‐80) <0.001

Male gender, n (%) 145 (50.9) 95 (60.13) 50 (39.4) <0.001

Cirrhosis, n (%) 131 (46.0) 73 (46.2) 58 (45.7) 0.93

Bilirubin total, mg/dL mean ± SD 0.9 ± 0.5 0.9 ± 0.5 1.0 ± 0.5 0.004

ALT (ULN: 40 U/L) mean ± SD 55.3 ± 30.2 55.8 ± 31.2 54.6 ± 29.2 0.74

AST (ULN: 40 U/L) mean ± SD 58.7 ± 36.0 59.2 ± 35.8 58.1 ± 36.4 0.80

Albumin, g/dL mean ± SD 4.0 ± 0.5 3.9 ± 0.5 3.9 ± 0.5 0.17

INR mean ± SD 1.1 ± 0.17 1.1 ± 0.2 1.1 ± 0.1 0.09

WBC (x 103/mm3), mean ± SD 6.8 ± 2.7 6.8 ± 2.8 6.8 ± 2.6 0.96

Hemoglobin, g/dL, mean ± SD 12.3 ± 1.4 12.2 ± 1.6 12.0 ± 1.2 0.001

Platelets (x103/mm3), mean ± SD 159.1 ± 52.4 160.3 ± 57.3 157.6 ± 45.9 0.66

Creatinine mg/dL, mean ± SD 0.88 ± 0.3 0.9 ± 0.3 0.8 ± 0.3 <0.001

AFP, median (IQR) 10 (3.9‐32.7) 9.3 (4.1‐23) 20.4 (3.2‐45) 0.3

HCV‐PCR Log10, mean ± SD 5.0 ± 1.3 5.2 ± 1.2 4.7 ± 1.4 0.001

Treatment regimen, n (%)

SOF+DCV 12 wk 120 70 48 0.24

24 wk 12 10 4

SOF+DCV+RBV 12 wk 138 72 66

24 wk 15 6 9

Abbreviations: AFP, alpha fetoprotein; ALT, alanine transaminase; AST, aspartate transaminase; DCV, daclatasvir; HCV‐PCR, hepatitis C virus polymerase

chain reaction; IQR, interquartile range; NR, international normalized ratio; RBV, ribavirin; SD, standard deviation; SOF, sofosbuvir; ULN, upper limit

normal; WBC, white blood cell count.

*Values in bold denote statistical significance.

F IGURE 1 Sustained virological response (SVR12) rates

according to age categories (60‐65 and 66‐80 years)
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(Table 3). No statistically significant differences were found in the

distribution of concomitant medications according to age strata. Only

the use of nonsteroidal anti‐inflammatory drugs was significantly

more frequent among those aged 60‐65 years compared with those

aged 66‐80 years (5 vs 0; P < 0.04).

The most frequently reported AEs among our cohort was fatigue

(n = 16) followed by mild anemia (n = 12). Overall, the rate of

premature discontinuation because of AEs was low (n = 8; seven

men and one lady with a median age of 61.75). Most of the

discontinued patients (seven out of eight patients) were in the 60‐65
age group, while the single patient was in the older age group. All

patients who stopped treatment, except the single patient, did not

achieve SVR12. The reasons for premature treatment discontinua-

tion were marked bradycardia (grade 2‐3 AE) in six patients,

myocardial infarction (MI; grade 4 AE) in one patient, and finally

acute respiratory failure (RF) secondary to COPD in one patient.

Bradycardia was considered drug related, and the MI and RF were

not considered. The distribution of documented AEs is presented in

Table 4.

Among our cohort, six patients experienced decompensation,

which was manageable and did not require treatment discontinua-

tion; two patients had grade 1 hepatic encephalopathy, two patients

developed spontaneous bacterial peritonitis, one patient had vascular

decompensation in the form of hematemesis due to ruptured varices,

and a single patient had lower limb edema without ascites.

4 | DISCUSSION

Eradication of HCV leads to improved health‐related quality of life

and overall survival through reduction in progression to cirrhosis,

hepatocellular carcinoma (HCC), and liver‐related mortality.9 DAAs

revolutionized the management of HCV because they have shown

greater efficacy, shorter treatment duration, and fewer AEs in

comparison to interferon‐based therapy so that successful HCV

treatment can be offered to virtually all patients irrespective of their

comorbidity.10

Starting in November 2015, SOF plus DCV, with or without RBV,

became the main line of therapy in the national treatment program in

F IGURE 2 SVR12 rates according to treatment region. SVR,

sustained virological response

F IGURE 3 SVR12 rates according to different patients’ groups.
SVR, sustained virological response

TABLE 2 Univariate and multivariate analysis of factors associated with SVR12 in the overall cohort

Variable

Univariate analysis Multivariate analysis

OR (95% CI) P value* OR (95% CI) P value *

Male gender 0.79 (0.33‐1.86) 0.59 0.575 (0.21‐1.53) 0.26

Age (65‐80) 0.87 (0.37‐2.04) 0.74 1.51 (0.54‐4.25) 0.44

Treatment experienced 0.42 (0.17‐1.03) 0.06 0.54 (0.19‐1.51) 0.24

Cirrhosis 0.52 (0.22‐1.24) 0.14 0.49 (0.11‐2.12) 0.34

ALT folds 0.73 (0.45‐1.18) 0.19 0.71 (0.21‐2.36) 0.57

AST folds 0.79 (0.53‐1.19) 0.26 1.05 (0.30‐3.59) 0.94

HCV‐PCR log10 1.29 (0.94‐1.78) 0.12 1.49 (0.97‐2.30) 0.07

Bilirubin > ULN 0.46 (0.20‐1.11) 0.09 0.28 (0.10‐0.79) 0.02

Platelets > 150 1.47 (0.62‐3.47) 0.38 0.64 (0.20‐2.06) 0.45

Albumin > 3.5 0.48 (0.14‐1.68) 0.25 0.40 (0.09‐1.76) 0.23

Abbreviations: ALT, alanine transaminase; AST, aspartate transaminase; HCV‐PCR, hepatitis C virus polymerase chain reaction; SD, standard deviation;

SVR, sustained virological response; ULN, upper limit normal.

*Values in bold denotes statistical significance.
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Egypt.11 Data regarding the use of DAAs, in general, and SOF+DCV

±RBV, in particular, for the treatment of HCV in the elderly

population, are scarce in the literature in terms of efficacy and

tolerability. Elderly populations are considered difficult to treat

because they are usually frail, have multiple comorbidities, and are

polymedicated.

In our study, the overall SVR12 was more than 90% (91.9%).

Previous observations reported very high efficacy approaching 100% in

elderly people despite the fact that different combinations were

used.7,12 When we analyzed the possible factors for non‐SVR12
response (n = 23), 8 patients were nonresponders because of premature

treatment discontinuation due to AEs and 15 patients because of

virological failure (10 patients did not achieve the end of treatment

response and 5 relapsers). The relatively high number of virological

failure may be due to the fact that a significant proportion of our

patients were originally cirrhotic (131 patients, 46%). While Saab et al13

stated that increased fibrosis, cirrhosis, aspartate aminotransferase,

alanine aminotransferase, hemoglobin, and platelet levels seem to affect

the SVR in the elderly, we reported that presence of cirrhosis, low

platelets, or albumin levels did not have an impact on the overall SVR12

rates (P values, 0.3, 0.1, 0.4, and 0.2, respectively). Although RBV is still

an integral part of the treatment regimen and utilized in combination

with DAAs in genotype four patients, we found that the use of RBV was

not a predictor of achieving SVR12. Saab et al13 analyzed the data from

four open‐label phase three clinical trials that evaluated the safety and

efficacy of ledipasvir (LDV)‐sofosbuvir (SOF) and concluded that the

combination of LDV and SOF is safe, effective, and well tolerated in

patients older than 65 years of age who have GT‐1 hepatitis C infection.

Still, the fact that major contributions of our patients were cirrhotic may

be significant.

Previous reports compared the efficacy and tolerability of DAAs in

comparison with interferon‐containing regimens that were poorly

tolerated by elderly patients. A recent meta‐analysis by Yang et al14

concluded that the overall SVR in patients aged older than or equal to

65 years treated with a prolonged course of IFN/RBV regimens was

significantly lower and had a significantly higher risk of relapse than in

patients younger than 65 years of age. IFN and RBV discontinuation

rate was also significantly er in older patients than in younger patients.

Kaneko et al analyzed 223 Japanese HCV‐infected patients who

were treated with DAAs. They categorized patients into two groups.

Group one included 79 patients (average age 75.5 years, range 70‐85
years). Group two included 144 patients (average age 58.1 years,

range 27‐69 years). All patients achieved SVR12. The SVR12 rate and

rate of drop‐out due to adverse effects did not differ between the

two groups to a statistically significant extent. They concluded that

DAAs can be used for older patients and that the antiviral efficacy

and safety are similar to the efficacy and safety in younger patients.15

The most commonly reported AEs in our patients were fatigue

(16 patients, 5.6%), mild anemia (12 patients, 4%), and decompensa-

tion (6 patients, 2%). There was no statistically significant difference

in the occurrence of AEs in those aged above or below 65 years.

Sherigar et al7 reported similar AEs in those who received INF‐free
protocols. These AEs were mainly in the form of fatigue (27%) and

anemia (12%) without a statistically significant difference between

those aged above or below 65 years. Most of the cases of anemia

that occurred in patients receiving IFN‐free regimens were due to

RBV used in combination with DAAs.

TABLE 3 Main concomitant drug classes administered by included
patients

60‐65
y n = 158

66‐80
y n = 127

Comorbidity

Hypertension, n (%) 9 6

Diabetes, n (%) 65 65

Atrial fibrillation 1 0

Asthma/COPD 7 2

HBV coinfection 1 0

Leprosy 1 0

PVD 0 1

Renal stone 0 1

Class drug Cardiovascular

Angiotensin converting

enzyme inhibitors/blockers

29 (18.4) 11 (8.6)

Ca antagonist 0 16 (12.6)

Beta blockers 12 (7.6) 7 (5.5)

Diuretics 2 (1.3) 3 (2.4)

Antiplatelets 4 (2.5) 5 (3.9)

Diabetes mellitus

Insulin 43 (27.2) 17 (13.4)

Oral antidiabetic 22 (13.9) 41(32.3)

Bronchodilators 7 (4.4) 2 (1.57)

Corticosteroids 6 (3.8) 1 (0.8)

NSAIDS 5 (3.2) 0

Rifampicin plus dapsone 1 (0.6) 0

Abbreviations: COPD, chronic obstructive pulmonary disease; HBV,

hepatitis B virus; PVD, peripheral vascular disease; NSAIDs, nonsteroidal

anti‐inflammatory drugs.

TABLE 4 Commonly reported adverse events by study cohort

Adverse event

60‐65
y n = 158

66‐80
y n = 127

Mild anemia 5 (3.2) 7 (5.5)

Severe anemia 1 (0.6) 0

Fatigue 10 (6.3) 6 (4.7)

Nausea 1 (0.6) 2 (1.8)

Cramps 1 (0.6) 1 (0.8)

Weight loss 0 1 (0.8)

Headache 3 (1.9) 1 (0.8)

Decompensation 1 (0.6) 5 (3.9)

Treatment discontinuation due to AEs 7 (4.4) 1 (0.8)

Abbreviation: AEs, adverse events.
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We had eight patients who discontinued treatment due to AEs;

seven of them (4.4%) were ≤65 years, while the single patient was

older than 65 years (0.8%). None of the patients in the study by

Sherigar et al7 discontinued the complete treatment regimen because

of adverse reactions, although four patients discontinued the RBV

during the treatment; they all achieved SVR12. This may be due to

the difference in the tolerability as well as psychological makeup

between patient populations.

Being a relatively small number of patients is considered as a

limitation of our study. However, it may be the first addressing the

tolerability and efficacy of SOF/DCV based regimen in the elderly

population. More number of elderly patients should be included in

future clinical trials of HCV therapy using IFN‐free regimens.
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