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Improvement in Liver Stiffness in Pediatric Patients with Hepatitis C Virus
after Treatment with Direct Acting Antivirals
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Objectives To assess the degree of liver stiffness using transient elastography in Egyptian children infected with
hepatitis C virus (HCV) at baseline and 1 year after achievement of sustained virologic response (SVR) with direct
acting antivirals.
Study design This prospective study included children infected with HCV who received treatment with sofosbu-
vir/ledipasvir and achieved SVR. At baseline and 1 year after achievement of SVR, the extent of hepatic fibrosis was
assessed by transient elastography using FibroScan to measure liver stiffness, in addition to noninvasive markers
including aspartate aminotransferase/platelet ratio index (APRI) and fibrosis-4 (FIB-4) index.
Results The study included 23 cases that had variable degrees of fibrosis at baseline; their ages ranged between
10 and 18 years. At baseline, 13 patients had F1; 3 patients had F1-F2; 1 patient had F2; 3 patients had F3; 2 had F3-
F4; and 2 patients with F4. One year after achievement of SVR, there was a statistically significant improvement in
liver stiffness, APRI, and FIB-4 index (P = .03, <.001, .02, respectively). In 13 patients (56.5%), the liver stiffness
improved; in 7 patients, it was stationary; and the remaining 3 patients showed mild increase in liver stiffness
that was, however, associated with improvement in APRI and FIB-4 index. Comorbid conditions and previous treat-
ment with interferon were not associated with increased liver stiffness 1 year after SVR.
Conclusions Egyptian children infected with HCV genotype 4 achieved significant regression in liver stiffness af-
ter treatment with direct acting antivirals. (J Pediatr 2021;233:126-31).
H
epatitis C virus (HCV) treatment with direct-acting antivirals (DAAs) is associated with a high rate of sustained viro-
logic response (SVR); this has changed the natural history of HCV by halting and possibly producing regression of liver
fibrosis.1 Adequate information regarding liver fibrosis staging post-SVR is important to develop follow-up protocols

and screening policies for hepatocellular carcinoma.2

Noninvasive tools, including liver stiffness measurement and fibrosis-4 (FIB-4) index measurement, have been reported for
evaluation of liver fibrosis.3 Currently, transient elastography (TE) is considered the alternative noninvasive standard method
for the evaluation of liver stiffness and widely used for the assessment of liver fibrosis with high degree of accuracy.3-5

Aspartate aminotransferase/platelet ratio index (APRI), and FIB-4 index and liver stiffness, as noninvasive measurements of
hepatic fibrosis, are found to decrease significantly after SVR, mostly secondary to the inflammation improvement.6

Several studies performed on Egyptian adult patients infected with HCV genotype 4 (GT4) and treated with different sofos-
buvir (SOF)-based regimens reported a rapid significant regression in hepatic fibrosis, as evaluated by FibroScan, FIB-4, and
APRI scores.7 Similar results were observed in Egyptian patients with HCV GT4 coinfected with HIV.8

The aim of the present study was to assess the degree of liver stiffness using TE in Egyptian children and adolescents chron-
ically infected with HCV GT4, 1 year after achievement of SVR with DAAs.
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ALT Alanine aminotransferase

APRI Aspartate aminotransferase/platelet

ratio index

AST Aspartate aminotransferase

BMI Body mass index

CAP Controlled attenuation parameter

DDAs Direct-acting antivirals

EOT End of treatment

FIB-4 Fibrosis-4

GT4 Genotype 4

HCV Hepatitis C virus

LED Ledipasvir

SOF Sofosbuvir

SVR Sustained virologic response

TE Transient elastography
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Methods

This prospective study was conducted at the Pediatric Hepa-
tology Unit, Cairo University Pediatric Hospital, Cairo,
Egypt. The study included children chronically infected
with HCV GT4, age 12-18 years and/or their body weight
was ³35 kg, who were treated with sofosbuvir/ledipasvir
(SOF/LED). An informed consent was obtained from the pa-
tients’ parents/guardians prior to the study enrollment. The
study protocol was approved by Kasr Alainy review board
and ethical committee. Patients were excluded if they had
concomitant primary liver disease other than HCV.

All patients were subjected to proper history taking
including age, sex, comorbid conditions, and previous HCV
treatment (interferon/ribavirin). Baseline investigations
included complete blood count, liver functions, HCV RNA
(was done using quantitative real-time polymerase chain re-
action on Applied Biosystems 7500 Real-Time Polymerase
Chain Reaction System using kits supplied by Qiagen
GmbH [Hoffmann-La Roche AG], which has a lower limit
of detection of 15 IU/mL).

Before starting treatment, liver stiffness was assessed using
TE by FibroScan device (FibroScan Echosense) performed by
2 fixed operators who had more than 5 years of experience in
performing TE. TE was performed with a standard M probe
or an XL probe (for obese patients). Measurements were per-
formed, after overnight fasting, through the intercostal spaces,
with patient lying in the dorsal decubitus position with the
right arm in maximal abduction. Measurement depth was be-
tween 25 and 65 mm below the skin surface. Successful mea-
surements were validated using the following criteria:
number of shots ³10, ratio of valid shots to the total number
of shots ³60%, and IQR £30% of the median liver stiffness
value (IQR/median liver stiffness £30%). The results were ex-
pressed in kPa. The cut-off values for liver stiffness in kPa in
relation to Metavir score, used during this study, were accord-
ing to de L�edinghen andVergniol9 andCastera10 as follows: F0:
0-5.4 kPa, F1: 5.5-7.1 kPa, F1-F2: 7.2-8.7 kPa, F2: 8.8-9.5 kPa,
F3: 9.6-12.5 kPa, F3-F4: 12.6-14.5 kPa, and F4: >14.5 kPa.

Liver steatosis measurements were obtained using
controlled attenuation parameter (CAP) values, which were
calculated only when liver stiffness measurement was valid
for the same signals ensuring that one obtained liver ultra-
sonic attenuation simultaneously and in the same liver area
as liver stiffness measurement. The CAP values were ex-
pressed as decibel per meter (dB/m) and were valid if the liver
stiffness measurement examination was successfully per-
formed. Liver steatosis grades were assigned as follows: S0
(no steatosis, CAP 0-238 dB/m), S1 (mild steatosis, CAP
238-260 dB/m), S2 (moderate steatosis, CAP 261-290 dB/
m), and S3 (severe steatosis, CAP ³290 dB/m).11 The opera-
tors were blinded to the patients’ clinical and laboratory data
as well as to the treatment status.

All patients received oral fixed dose combination tablet of
SOF/LED (400 mg SOF, 90 mg LED [Harvoni]) once daily
for 12 weeks.
To assess treatment efficacy, complete blood count, liver
functions and HCV RNA were repeated at week 4, week 8,
end of treatment (EOT), and 3 months after treatment
discontinuation to assess SVR12. Patients with any degree
of liver fibrosis before treatment were followed up after
1 year of treatment. Follow-up investigations included com-
plete blood count, liver functions, HCV RNA, and TE.
APRI and FIB-4 index were calculated for the included pa-

tients at baseline, week 4,week 8, EOT, SVR12, and 1 year after
achievement of SVR. APRI was calculated using the proposed
formula: APRI = [(aspartate aminotransferase, AST level/up-
per limit of normal)/platelet count (109/L)] � 100. FIB-4 in-
dex was obtained based on 4 factors including age, AST,
alanine aminotransferase (ALT), and platelet count using
the following formula: FIB-4 = [age � AST/platelet count
(109/L) � OALT].12,13 The upper limit of normal for both
ALT and AST used in the study was 40 and 50 IU/L, respec-
tively. Body mass index (BMI) was calculated for all patients
at baseline and 1 year after SVR and was correlated to the de-
gree of liver stiffness and hepatic steatosis.

Statistical Analyses
Data were collected and tabulated. SPSS program v 21 was
used for data analysis. Mean and SD or median and IQR
were estimates of quantitative data including age, laboratory
parameters, and fibrosis scores, and frequency and percent-
age were estimates of qualitative data as sex, comorbidities,
and degree of hepatic fibrosis. Differences in biochemical
characteristics were tested by the Student paired and un-
paired t test, Mann-Whitney U test, or Wilcoxon test for
quantitative data and by c2 test for qualitative data. A 2-
sided P value of <.05 was considered statistically significant.

Results

Seventy-eight children and adolescents infected with HCV
GT4 were treated by SOF/LED. All achieved SVR. At base
line 30 (48.5%) had variable degrees of liver fibrosis by TE;
24 completed 1 year of follow-up after achievement of SVR
and performed the follow-up investigations. After excluding
1 patient with associated autoimmune hepatitis, 23 patients
were included in the study. Their ages ranged between 10
and 18 years (mean � SD: 14 � 2 years). Four patients were
£12 years of age, but their body weight exceeded 35 kg. Fifteen
cases were male patients (65.2%). Thirteen patients were treat-
ment-naı̈ve and 10 (43.5%) were treatment-experienced. Ten
patients (43.5%) had history of comorbid conditions other
than HCV; 5 out of these patients had more than 1 comorbid-
ity. Three patients had congenital heart diseases, 3 had sys-
temic lupus erythematosus, 2 lupus nephritis, 2 familial
Mediterranean fever, 2 treated lymphoma, and 1 of each of
the following: idiopathic thrombocytopenic purpura, inflam-
matory bowel disease, diabetes mellitus, Down syndrome, hy-
drocephalus, and steroid resistant nephrotic syndrome.
At baseline, liver stiffness by TE showed that most of the

patients had mild degrees of liver fibrosis (Table I). The
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Table II. Fibrosis markers at baseline and at end of
treatment and 1 year after SVR

Fibrosis markers Baseline EOT P value

APRI; median (IQR)* 0.42 (0.42) 0.2 (0.19) .001†

FIB-4; mean � SD* 0.6 � 0.3 0.4 � 0.2 .01†

Baseline 1 y after SVR

LS in kPa; mean � SD 8.3 � 3.8 6.4 � 2.3 .03†

APRI; median (IQR)* 0.42 (0.42) 0.2 (0.1) <.001†

FIB-4; median (IQR)* 0.4 (0.3) 0.29 (0.15) .02†

LS, liver stiffness.
*One patient with idiopathic thrombocytopenic purpura who had pretreatment thrombocyto-
penia was excluded from the mean and median of APRI and FIB-4 index.
†P value is significant.
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mean � SD of liver stiffness was 8.3 � 3.8 kPa ranging
between 5.5 and 20.5 kPa. APRI at baseline ranged between
0.19 and 2.18 (median [IQR]: 0.42 [0.42]). FIB-4 index at
base line ranged between 0.24 and 1.6 (mean � SD:
0.6 � 0.3). There was a statistically significant positive
correlation between the baseline liver stiffness and baseline
APRI score (P = .004, r = 0.598). On the other hand,
baseline FIB-4 did not show a statistically significant
correlation with the baseline liver stiffness (P = .5,
r = 0.158). The mean BMI of the patients at baseline was
21.34 � 4.4 kg/m2 ranging between 15.7 and 29.4. There
was no correlation between liver stiffness and BMI at
baseline (r = �0.236; P = .51).

At EOT, there was a statistically significant improvement
in both APRI and FIB-4 index in comparison with baseline
levels.

One-year after therapy with oral DAAs, all patients were
HCV RNA negative. There was a statistically significant
improvement in liver stiffness, APRI and FIB-4 index
(P = .03, <.001, .02, respectively) (Table II), with no
statistically significant correlation between the liver stiffness
and either APRI (P = .572, r = 0.127) or FIB-4 index
(P = .455, r = 0.168). Figure 1 shows the significant
improvement in APRI and FIB-4 index throughout the
treatment duration and the improvement in liver stiffness
1 year after SVR. Thirteen patients (56.5%) showed
improvement in liver stiffness by at least 1 stage of fibrosis,
and in 7 patients the fibrosis stage remained the same. In
the remaining 3 patients, the degree of fibrosis was mildly
increased from F1 to F1-F2 but was associated with
improvement in APRI and FIB-4 index (Table I and
Figure 2). There was no association between the change in
the degree of hepatic fibrosis and the presence of comorbid
diseases (P = .7) or previous history of interferon/ribavirin
therapy (Table III).

The mean BMI 1 year after SVR was 23.4 � 5.9 kg/m2

(range 15.6-34.8). Results of liver steatosis were available
for the patients 1 year after SVR. The mean CAP was
218.24 � 58.15 dB/m ranging between 124 and 321 dB/m.
Three patients (13%) had S1, 2 with S2, and 3 with S3. The
remaining patients had S0. There was a positive correlation
between the BMI and the degree of steatosis by CAP
(r = 0.530; P = .02). There was no correlation between liver
stiffness and either the BMI (r = 0.000; P = 1.000) or the
CAP (�0.236; P = .30).
Table I. Degrees of hepatic fibrosis by TE at baseline
and 1 year after SVR in 23 children infected with HCV

Degree of fibrosis At baseline n (%) 1-y after SVR n (%)

F0 0 (0) 7 (30.4)
F1 13 (56.5) 9 (39.1)
F1-F2 3 (13) 6 (26.1)
F2 1 (4.5) 0
F3 3 (13) 0
F3-F4 1 (4.5) 1 (4.5)
F4 2 (8.7) 0
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Discussion

Since their approval for children in 2017,14 SOF/LED led to a
response in children infected with HCV, with SVR rates
ranging between 98% and 100%.15,16 Several studies have as-
sessed the effect of DAAs on fibrosis regression in adult pa-
tients with chronic HCV infection.
In HCV infected patients, liver disease progresses over

time with increasing fibrosis severity. Advanced liver disease
because of HCV infection is uncommon during childhood.
Although uncommon, cirrhosis can be seen in infected chil-
dren and adolescents younger than 18 years.17 At baseline,
approximately one-half of the children infected with HCV
in the present study had some degree of hepatic fibrosis as
estimated by TE, and 7.7% of the total number of patients
had advanced degrees of liver fibrosis (F3, F4). TE is consid-
ered a noninvasive, rapid, reliable and reproducible method
allowing evaluation of liver fibrosis by measurement of liver
stiffness.18 In an earlier Egyptian study, which included chil-
dren with HCV, TE was a reliable method for detecting
different degrees of hepatic fibrosis in children with HCV
compared with liver biopsy.19

Liver stiffness and other noninvasive fibrosis markers like
APRI and FIB-4 index, have been recommended for longitu-
dinal evaluation of liver fibrosis.3,12 In the current study,
there was a significant progressive improvement in both
APRI and FIB-4 index following administration of DAAs in
our patients. Similarly, liver stiffness had shown a significant
improvement after 1 year of therapy (P = .03). This is in
concordance with studies performed on adult patients with
chronic HCV infection who reported a significant decline
in noninvasive fibrosis markers after treatment with oral
DAAs5,20-23 with similar reports in HCV recurrence after liver
transplantation.24 Similar results were reported from studies
on adult patients with the same genotype as the study pa-
tients (GT4).25,26 Mauro et al reported a significant improve-
ment in portal pressure and liver fibrosis, detected by both
liver biopsy and TE, in HCV recurrence for post-liver trans-
plant patients.27 In the current study, 56.5% of the patients
showed improvement in liver stiffness. Adult studies re-
ported variable frequencies of improvement; Lledo et al re-
ported improvement in 40% and Lee et al in 86.9%.22,28
Mogahed et al



Figure 1. Improvement in hepatic fibrosis markers in children infected with HCV treated with SOF/LED 1 year after SVR. A,
Shows the progressive decline in the median values of APRI compared with the baseline levels after 4 and 8 weeks of treatment,
at EOT, 12 weeks after treatment discontinuation (SVR), and 1 year after SVR. B, Shows the progressive decline in the median
values of FIB-4 index compared with the baseline levels after 4 and 8 weeks of treatment, at EOT, 12 weeks after treatment
discontinuation (SVR), and 1 year after SVR. C, Shows the decline in the median values of liver stiffness measurement by TE
measured in kPa 1 year after SVR. One patient with idiopathic thrombocytopenic purpura was excluded from themedian of APRI
and FIB-4 index.
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Some studies suggested that the early and rapid decrease in
liver stiffness was due to suppression of liver inflammation
more than regression of liver fibrosis as demonstrated by a
decrease in ALT levels.29 This could explain why FIB-4 is
not useful to grade fibrosis after SVR.1 Pan et al performed
serial liver stiffness measurements after SVR in patients
with advanced fibrosis or cirrhosis and demonstrated that
Figure 2. Progression of degrees of hepatic fibrosis by TE at bas

Improvement in Liver Stiffness in Pediatric Patients with Hepatitis
in 15 patients, in whom pre- and post-SVR liver biopsy sam-
ples were available, liver stiffness improved in most of them
at least 1 stage of fibrosis, but 11 patients still had F3-F4 in
liver biopsy results.30 Despite this, a marked reduction in
collagen content was observed, thus, demonstrating fibrosis
regression. This can be considered one of our study limita-
tions, the lack of pre-treatment and follow-up liver biopsy
eline and 1 year after SVR in 23 children infected with HCV.
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Table III. Impact of comorbid conditions or previous
interferon therapy on the degree of hepatic fibrosis in
23 children infected with HCV treated with SOF/LED
1 year after SVR

Variable

Degree of hepatic fibrosis

P valueImproved Same Worse

Comorbid conditions
Yes 5 (38.5) 4 (57%) 1 (33.3%) .7
No 8 (61.5) 3 (43) 2 (66.7%)

Previous HCV treatment
(interferon ribavirin)

Treatment experienced 5 (38.5%) 4 (57%) 1 (33.3%) .7
Treatment naive 8 (61.5%) 3 (43%) 2 (66.7%)
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results or magnetic resonance imaging to confirm changes in
inflammation, fibrosis and collagen amount.

In our cohort, although the percentage of improvement in
the degree of hepatic fibrosis was higher among patients
without comorbid conditions, the difference was not statisti-
cally significant. In an earlier study from our center in the
pre-DAAs era, El-Hawary et al reported that the degree of
fibrosis detected by liver biopsy samples in Egyptian children
with HCV was not related to the presence of co-morbid
conditions.31

In the present study, we did not find a correlation between
the degree of liver stiffness and steatosis or BMI. Pokorska-
�Spiewak et al demonstrated that novel serum biomarkers, as
APRI and FIB-4, modified by including the BMI z score in
their formulas show a better diagnostic performance in detect-
ing significant fibrosis and significant steatosis compared with
the standard tests with a better sensitivity and specificity.32

In conclusion, Egyptian children infected with HCV GT4
achieved significant regression in the degree of hepatic
fibrosis assessed by liver stiffness measurement, after treat-
ment with DAAs. n
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50 Years Ago in THE JOURNAL OF PEDIATRICS
Progress in Pediatric Diabetes Prediction, Management, and Outcomes

Drash A. Diabetes mellitus in childhood: a review. J Pediatr 1971;78:919-41.

Distinct categories of diabetes, now known as type 1 (T1D) and type 2 diabetes, were first recognized in 1936. Since
then, the field has advanced significantly, and in Drash’s landmark 1971 review, he summarized the knowledge

surrounding pediatric diabetes, treatments available, and expected clinical outcomes. Huge strides have been made in
diabetes diagnosis and care since 1971. People with T1D experience decreased vascular complications and lifespans
have increased,1 although the full benefits of current treatment on lifespan remain to be seen.

TrialNet2 and other studies have exponentially increased our understanding of the etiology and progression of diabetes.
At the time of Drash’s review, the field accepted prediabetes as a “theoretical category” and the concept of autoimmunity
was emerging. We now define stages of T1D based on presence of autoantibodies and glycemia.3 Antibodies, when com-
bined with clinical and familial factors, generate a genetic risk score, further improving our ability to identify at-risk in-
dividuals and screen, a huge advance from even a decade ago. As genetic testing becomes faster and more affordable, the
implementation of these techniques will likely grow. Increased recognition of preclinical T1D provides opportunity for
new treatments for delaying, and someday preventing, development of clinically symptomatic diabetes.

Another remarkable development is improvement in daily diabetes care. Technology for diabetes now includes
continuous glucose monitors to transmit real-time glucose data to patients and caregivers and, combined with insulin
pumps, provide closed-loop automated insulin delivery. Glucagon’s role in metabolic regulation was not fully under-
stood, but now dual-hormone pumps, containing both insulin and glucagon, are in development for even tighter
regulation of blood glucose. Drash, an esteemed figure in pediatric diabetes research and care, thoroughly reviewed
the state of diabetes in childhood and provided a foundation for advances in research and care over the past 50 years.

Jennifer M. Ikl�e, MD, PhD
David M. Maahs, MD, PhD

Division of Pediatric Endocrinology
Stanford University School of Medicine

Stanford, CA
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