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Abstract

Aim of the study: To determine the outcome of concomitant treatment of chronic hepatitis C virus (HCV) in 
children with malignant disease.

Material and methods: This was a prospective cohort study conducted at a gastroenterology and hepatology 
outpatient clinic in a children’s welfare teaching hospital/medical city complex, Baghdad, from January 2018 to 
October 2020 and included 30 child and adolescent patients who contracted HCV while receiving treatment for 
malignant diseases. Data collected included those of medical history, physical examination, and periodic clinical 
and laboratory evaluation during their follow-up. Their age (at the time of diagnosis of HCV) ranged between  
3.2 and 15.3 years, the mean age was 8.3 years, with male predominance of 60%.

Results: Sustained virologic response at post-treatment week 12 (SVR12) was obtained in all patients, 30/30 
(100%), with gradual dramatic improvements of the liver enzymes, TSB, serum creatinine, and serum albumin. 
No serious side effects were registered, nor was there any treatment discontinuation or death. Tiredness was  
the most common side effect 10/30 (33.3%) in all patients.

Conclusions: A combination of the ledipasvir plus sofosbuvir regimen for 12 weeks is effective and well tolerat-
ed, and can be used safely in treating children older than 3 years and adolescent patients with chronic hepatitis C.
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Introduction

The prevalence of hepatitis C virus (HCV) antibod-
ies worldwide ranges from 1.6% to 2.8%. The peak prev-
alence is reported in low-income countries, including 
Egypt (15%) and Pakistan (4.7%), and is lower in North 
America (range: 1.1-1.3%), Australia (1.7%), and East-
ern and Western Europe (range: 0.5-4.5%) [1, 2].

The latest epidemiologic reports suggest that there 
are currently 80 million HCV-RNA-positive individu-
als around the globe [1, 3].

As a result of receiving frequent blood and blood 
product transfusions and/or intravenous drug therapy, 

child patients with malignancy are potentially at 
a higher risk of HCV infection, which is diagnosed in 
1.5% to 32% of patients around the world, depending 
on the geographic area and type of malignant disease 
studied [4-6].

In up to 5% of neonates born to infected mothers, 
vertical transmission may occur, influenced by the im-
munogenetic profile of both mother and child, mother’s 
viral load and human immunodeficiency virus (HIV) 
status. Type of transmission also differs within the pedi-
atric population and HCV infection decreases the gen-
eral health and quality of life in adolescents despite high 
rates of asymptomatic infection in children [5].
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Chronic HCV infection was shown to be associated 
with hepatocellular carcinoma (80% of cases are pre-
ceded by hepatitis B or C infection) and non-Hodgkin 
lymphoma (NHL; HCV infection increased the risk of 
developing NHL by 20-30%) with significant increase 
of morbidity and mortality, while immunosuppression 
from cancer-related treatment and/or cancer itself could 
increase the risk of chronicity, activation and progres-
sion to cirrhosis in patients with chronic HCV [6-8].

Because of a higher rate of progression to fibrosis, 
rapid development of cirrhosis, worse outcome, and 
increased viral titers are more common in patients 
with hematologic malignancies than in patients with-
out cancer; therefore management of HCV infection  
in these cases is more demanding [9, 10].

In 2013 direct-acting antiviral (DAA) regimens 
were approved in adults and they showed an excellent 
response rate of more than 95% with minimal side ef-
fects for 12 weeks. In the following years this regimen 
was applied in adolescents aged 12-18 years (2017), in 
school-aged children 6-11 years, and recently, the FDA 
approved the sofosbuvir/ledipasvir (SOF/LDV) combi-
nation for children aged 3 years with genotypes 1 and 4 
[11-13].

For these reasons the beneficial effects of DAA 
treatment and subsequent sustained virologic response 
(SVR) in patients with malignancy and chronic HCV 
infection can improve patients’ hepatic and extrahe-
patic consequences; this confers manifold potential 
benefits [14, 15].

Around the world, HCV infection is encountered 
in 1.5% to 32% of patients with malignancy, depending 
on the type of malignancy studied and geographic area 
[6, 16, 17].

Previously, the treatment of chronic HCV infection 
has been neglected in oncology centers, perhaps due 
to fear of treating patients receiving chemotherapy and 
older HCV therapy, such as interferon, but the treat-
ment protocols with DAAs have changed the treatment 
criterion and dramatically improved SVR, which is 
now similar in HCV-infected patients with and with-
out malignancy [18, 19].

Material and methods

A prospective cohort study in a single tertiary hos-
pital was conducted on pediatric patients with ma-
lignancy infected with HCV from January 2018 to 
October 2020. We recruited them in the outpatient 
pediatric hepatology and gastroenterology clinic at 
a  children’s welfare teaching hospital/medical city 
complex. The study was conducted in a single ter-
tiary hospital on 30 patient with malignant diseases, 

and simultaneously who are suffering from HCV but 
did not receive any specific treatment for the this in-
fection. Their age (at the time of diagnosis of HCV) 
ranged between 3.2 and 15.3 years; the mean age was 
8.3 years, with male predominance of 60%. Inclusion 
criteria were children with malignancy aged between  
3 and 16 years, with HCV RNA analysis by polymerase 
chain reaction (PCR) results of more than 1000 IU/l 
[20]. Exclusion criteria were children older than 16 or 
younger than 3 years, viral load less than 1000 IU/l, pa-
tients with associated comorbidities of hepatitis B virus 
or HIV infection, autoimmune hepatitis, any biliary 
disorder, Wilson’s disease, hemolytic anemia, or any 
critical illness, critically ill children, any patients with 
hepatocellular carcinoma or metastases to the liver to 
avoid the confounding effect on liver biochemical tests 
caused by tumors infiltrate, or parents’ refusal for par-
ticipation of their children in the study or for signing  
the consent form. 

Six patients were excluded from the study: two pa-
tients with viral load lower than 1000 IU/l, one patient 
had concomitant hepatitis B virus (HBV) infection 
and in the case of three patients their parents refused 
to include them in the study.

All patients submitted to laboratory assessment 
initially and subsequently at weeks 4, 8 and 12 and at  
12 weeks after the end of treatment: sustained virologic 
response 12 (SVR12). 

Parents were instructed to immediately contact 
their responsible doctor if any serious side effects or 
other worrisome condition developed at any time 
during the treatment course.

Written consent was obtained from all participants. 
Moreover, the study was approved by the Ethical Sci-
entific Committee of the Children’s Welfare Teaching 
Hospital and was carried out according to the guide-
lines of the Helsinki Declaration [21].

All patients received treatment for 12 weeks which 
consisted of weight-based doses of SOF/LDV fixed-
dose combination granules (33.75 mg/150 mg if their 
weight was < 17 kg or 45 mg/200 mg if their weight was 
in the range 17-35 kg and 90 mg/400 mg if their weight 
was > 35 kg) once daily.

Statistical analysis

SPSS version 23 was used to tabulate data, one-way 
ANOVA was used to evaluate the association between 
different variables means, quantitative values were ex-
pressed as means ± standard deviations. Qualitative 
data were expressed as proportions and percentages 
(with upper and lower confidence limits) and a p-value 
of less than 0.05 was considered significant.
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Results

Thirty eligible patients all of whom fulfilled the in- 
clusion criteria of the study were included and all  
received treatment with SOF/LDV which consisted 
of weight-based doses. All the patients were followed 
during the whole period of the treatment (every  
4 weeks) and 12 weeks after the end of treatment all 
achieved treatment response (SVR12).

The age ranged from 3.2 to 15.3 years; the mean age 
was 8.3 years, with male predominance of 60%. 

Twenty-one were treated for acute lymphoblastic 
leukemia (ALL), four for Hodgkin’s lymphoma, two 
for acute myeloblastic leukemia (AML), and one each 
for neuroblastoma, osteosarcoma, and Wilms’ tumor.

The commonest HCV genotype in the study group 
was genotype 4 in sixteen patients (53.3%), followed by 
genotype 1 in twelve patients (40%), and two patients 
with genotype 2 (6.7%). Hepatitis screen was positive 
in 25 patients (83.3%) as shown in Table 1.

Routine laboratory investigations were performed 
at baseline (prior to treatment) and followed serially at 
4, 8, 12 weeks and 12 weeks after finishing treatment, 
as summarized in Table 2. The hemoglobin (Hb) level, 
white blood cell (WBC) count and platelet count did 

Table 1. Clinical and demographic characteristics of the studied group

Variable n (%)

Age (years) 3-6 14 (46.6)

≥ 6-9 8 (26.7)

≥ 9-16 8 (26.7) 

Gender  Male 18 (60)

Female 12 (40)

Primary disease ALL 21 (70

Hodgkin’s lymphoma 4 (13.3) 

AML 2 (6.8) 

Neuroblastoma 1 (3.3)

Osteosarcoma 1 (3.3)

Wilms’ tumor 1 (3.3) 

Genotype 1a 11 (36.7)

1b 1 (3.3) 

2a 2 (6.7) 

4a 12 (40.0) 

4b 3 (10.0) 

4c 1 (3.3) 

Serological 
hepatitis C screen 

Positive 28 (93.3)

Negative 2 (6.7) 

Table 2. Biochemical profile at baseline, after 4, 8, 12 weeks and 12 weeks after completing treatment in the 30 hepatitis C virus-infected children and adolescents

Variable Pretreatment
Mean ±SD (±SE)

After 4 weeks
Mean ±SD (±SE)

After 8 weeks
Mean ±SD (±SE)

After 12 weeks
Mean ±SD (±SE)

12 weeks after
completion

Mean ±SD (±SE)

P-value*

Hemoglobin level 
(gm/dl)

9.68 ±1.55 (±0.283) 9.9 ±1.32 (±0.242) 10.75 ±1.11 
(±0.203)

11.41 ±1.55 
(±0.284)

10.84 ±1.78 
(±0.324)

< 0.05

White blood cells 
(109/l)

5.4 ±2.56 (±0.468) 5.71 ±1.77 
(±0.323)

5.7 ±1.1 (±0.2) 6.43 ±1.3 (±0.237) 6.5 ±2.09 (±0.381) < 0.05

Platelets (109/l) 279.73 ±174.8 (±31.914) 281.88 ±84.64 
(±15.454)

288.98 ±60.51 
(±11.048)

281.12 ±65.29 
(±11.921)

297.91 ±87.31 
(±15.94)

> 0.05

International 
normalized ratio

1.83 ±0.51 (±0.094) 1.91 ±0.37 
(±0.067)

1.47 ±0.23 
(±0.042)

0.9 ±0.2 (±0.036) 1.67 ±0.29 
(±0.053)

< 0.05

Aspartate 
aminotransferase 
(U/l)

213.1 ±224.95 (±41.07) 140 ±133.18 
(±24.316)

78.5 ±65.17 
(±11.898)

50.5 ±18.7 (±3.414) 46.5 ±22.22 
(±4.057)

< 0.05

Alanine 
aminotransferase 
(U/l)

230.03 ±231.51 
(±42.268)

162.7 ±147.46 
(±26.923)

80.8 ±64.58 
(±11.79)

52.47 ±19.06 
(±3.48)

52.7 ±23.32 
(±4.258)

< 0.05

Total serum 
bilirubin (mg/dl)

1.84 ±1.33 (±0.243) 1.43 ±0.85 
(±0.154)

0.72 ±0.29 
(±0.053)

0.69 ±0.31 (±0.057) 0.84 ±0.15 
(±0.028)

< 0.05

Alkaline 
phosphatase (IU/l)

208.33 ±192.29 
(±35.106)

164.87 ±134.38 
(±24.534)

64.9 ±44.09 
(±8.05)

61.97 ±37.99 
(±6.936)

66.03 ±24.38 
(±4.45)

< 0.05

Serum albumin 
(g/l)

2.72 ±0.94 (±0.171) 3.25 ±0.72 
(±0.132)

3.51 ±0.71 
(±0.129)

3.55 ±0.62 (±0.113) 3.33 ±1.06 (±0.19) < 0.05

Serum creatinine 
(mg/dl)

1.17 ±0.26 (±0.047) 0.98 ±0.23 
(±0.042)

0.87 ±0.19 
(±0.035)

0.91 ±0.21 (±0.038) 0.85 ±0.2 (±0.036) < 0.05

*Repeated measures ANOVA test used
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not show significant changes after treatment, interna-
tional normalized ratio (INR) showed slight decrease 
after treatment, initial alanine amino transferase 
(ALT) and aspartate aminotransferase (AST) were ap-
proximately 4-5 times above the upper limit of normal 
(ULN) in about two third of patients, but there was 
a gradual significant decline in the subsequent reading 
until normalization at the end of treatment. 

Serum bilirubin level showed a  gradual decrease 
from 1.84 ±1.33 (±0.243) to the normal level of 0.69 
±0.31 (±0.057) after the end of the treatment.

Regarding serum albumin and serum creatinine 
both showed gradual normalization until the end of 
treatment.

After 4 weeks of treatment, all patients had negative 
HCV RNA, and maintained it at week 8 and at the end 
of treatment (week 12). All patients (100%) achieved 
SVR12 as shown in Figure 1.

Treatment was well tolerated by all patients without 
any serious side effects or treatment discontinuation. 
The most common side effect observed in the study 
group was tiredness, reported by 10 patients (33.3%) 
during the course of treatment, followed by nausea 
and diarrhea in 8 cases (26.6%), headache in 6 patients 
(20%), two patients suffered from sleep disorders 
(6.66%), but 12 patient (40%) did not report any side 
effects. No patient experienced serious or dangerous 
adverse reaction or discontinued treatment because of 
the side effects, as shown in Table 3.

The HCV PCR showed a  very rapid virologic re-
sponse to an undetected level at the fourth week of 
treatment and maintained SVR at post-treatment week 
12 as shown in Figure 1.

Discussion and conclusion

To our best knowledge this is the first study con-
ducted to test the effects of dual SOF/LDV therapy on 

children and adolescents infected with chronic HCV 
who at the same time suffered from malignant disease 
in Iraq. 

Treatment of HCV infection is more difficult in 
patients with malignancies than in patients without 
because of a higher rate of worse outcome, increased 
viral titers, progression of fibrosis, and more rapid de-
velopment of cirrhosis [14, 15, 18].

In this study, children (n = 30), aged 3-16 years, re-
ceived a single daily dose of dual SOF/LDV combina-
tion regimen.

The overall response was 100% in all patients and 
no serious adverse effects were observed. 

Although the treatment of children older than  
3 years with the interferon/ribavirin-based therapy is 
controversial because of associated significant side ef-
fects as well as the non-favorable response to the treat-
ment in genotypes 1 and 4, as well as the approval of 
the dual SOF/LDV in children, specifically those who 
are suffering from malignant disease, it is encourag-
ing because of increased access to malignant disease 
treatment, improved malignant disease treatment 
outcomes, prevention of HCV reactivation during its 
treatment, reduced liver disease progression rate, and 
increased access to liver transplantation and hemato-
poietic cell transplantation [22].

The commonest HCV genotype found in this study 
was type 4 (53.3%) followed by type 1 in 40%, and type 2 
in one patient (6.7%); these findings are consistent 
with previous result obtained in Iraq [23-25]. 

Although the patients presented as HCV-PCR pos-
itive with a mean titer of 1.447.487 IU/l, about 6.7% of 
them had negative primary hepatitis C antibody, and 
for this reason it is not appropriate for accurate diag-
nosis to rely solely on presence or absence of antibody 
only against hepatitis C [26, 27].

Regarding the distribution of malignant disease in 
the study cohort acute lymphoblastic leukemia is the 
commonest disease in 70% of cases, followed by lym-
phoma and acute myeloblastic leukemia.

The initial reading of liver enzymes (ALT) after 
the diagnosis of HCV was found elevated in 76.3% of 

Fig. 1. Response of studied sample to SOF/LDV treatment
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Table 3. Side effects encountered in the studied sample

Side effects n %

Tiredness 10 33.30

Nausea 8 26.66

Diarrhea 8 26.66

Headache 6 20.00

Difficulty in sleeping 2 6.66

None 12 40.00
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our patients with a mean value of ALT 230 U/l (about  
4 times the upper limit of normal), and this is compara-
ble to Locasciulli et al. [28] and Economides et al. [29]. 
Our result, however, is almost twice that reported by 
others, in addition to a  slow return to normal value. 
This may be explained by a  selection bias given that 
others recruited their patients from a pediatric hepa-
tology clinic with HCV infection after management of 
malignancy and after cessation of oncologic therapy 
whereas we selected our patients who were still con-
tinuing their treatment with chemotherapy and with-
out abatement of the immunosuppressive effects.

Anyhow, even in patients with advanced liver cirrho-
sis, their liver function tests have been shown to recover 
when HCV replication is successfully omitted [30]. 

We found that the concomitant use of dual SOF/
LDV in patients with malignant diseases was well tol-
erated in this age group. The most common adverse 
events were tiredness, nausea, diarrhea, headache, 
and difficulty in sleeping and no patients experienced 
serious adverse events, discontinuation of treatment,  
laboratory abnormalities or death.

The limitations of this study were the small sam-
ple size, FibroScan was not available for all patients, 
we were not able to accurately assess the cirrhotic and 
fibrotic stage in some patients, costs of some investi-
gations and drug purchasing for many patients, and  
the short duration of follow-up, as it would be infor-
mative to evaluate outcomes in patients over longer 
periods following viral clearance.

In conclusion, SOF/LDV is a safe and effective drug 
in children infected with chronic HCV aged older than 
3 years with malignant disease who are still receiving 
their specific chemotherapy. Nonspecific trivial devel-
opment of a  few side effects may occur in some pa-
tients, but no serious adverse reactions were reported. 
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