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Abstract

Clinical and histologic progression of liver disease in untreated children with chronic hepatitis C
virus (HCV) infection is poorly documented. The aim of this retrospective study was to
characterize changes in liver histology over time in a cohort of HCV- infected children who had
more than one liver biopsy separated by over one year. 44 untreated children without concurrent
liver diseases, who had repeat liver biopsies at eight US based medical centers, were included.
Biopsies were scored by a single pathologist for inflammation, fibrosis and steatosis and were
correlated with demographic data including age at biopsy, time from infection to biopsies, and
laboratory values such as serum alanine aminotransferase (ALT). Mode of transmission was
vertical in 25 (57%) and from transfusions in 17 children (39%). Genotype 1 was present in 30/35
(84%) children. Mean age at first and final biopsy was 8.6 and 14.5 years respectively and the
mean interval between biopsies, 5.8 £ 3.5 years. Duration of infection to biopsy was 7.7 and 13.5
years respectively. Laboratory values did not change significantly between the biopsies.
Inflammation was minimal in about 50 % at both time points. Fibrosis was absent in 16% in both
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biopsies, limited to portal/periportal in 73% in the first biopsy and 64% in the final biopsy.
Between the two biopsies, the proportion of patients with bridging fibrosis/cirrhosis increased
from 11 to 20% (p =0.005).

Conclusion—Although in aggregate this cohort did not show significant histologic progression
of liver disease over five years, 29.5 % (n= 13) of children showed an increase in severity of
fibrosis. These findings may have long term implications for the timing of follow-up biopsies and
treatment decisions.

Keywords

HCV Hepatitis C virus; ALT alanine aminotransferase; CHC chronic hepatitis C; liver biopsy
grade and stage; fibrosis

Chronic hepatitis C (CHC) infection progresses insidiously over several decades. While the
natural history of histologic progression in adults is well studied, until recently there have
been only a few reports describing the histologic progression of CHC in children. Studies
published from the Far East and Europe point to a relatively benign outcome 14, whereas a
few reports from the United States suggest that fibrosis, cirrhosis and even hepatocellular
carcinoma may occur in children with CHC 57. In the past few years, several large
treatment studies have been reported from Europe and USA which have highlighted a wide
spectrum of histologic findings in CHC liver disease in children and adolescents 891011,
Overall, these studies support that progression is much slower in children than in adults and
rate of development of cirrhosis seems to be less than 10% before adulthood. Host and viral
factors may account for the variability in the natural progression of the disease in different
racial and ethnic groups.

CHC in children is characteristically a silent disease. Infected children have relatively few
symptoms and morbidity. In adults and children with CHC, laboratory markers of hepatic
inflammation such as serum aminotransferases may not correlate with the extent of
histologic changes in the liver. Liver biopsy is still considered the gold standard in
establishing the degree of liver involvement, which in turn influences the decision to treat
adults with CHC12, Studies of repeated biopsies in infected adults have found that fibrosis
tends to increase over time, and that, while there is great variability among individuals,
adverse outcomes are most frequent in those with the most rapid fibrosis progression 13-20,
It is controversial whether histologic severity should affect treatment decisions in
childhood 89:21, In HCV infected children, liver biopsies are usually performed in the
setting of clinical studies or treatment protocols and less often due to concerns regarding the
severity of liver disease 1121-23, Reports of repeat liver biopsies as part of a HCV natural
history study are therefore rare in children 6-24-26,

The aim of this retrospective multicenter study was to characterize the progression of
histologic liver disease over time in a group of treatment naive children and adolescents with
CHC, by reviewing their initial and repeat liver biopsies.
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Patients and methods

Children and adolescents who had at least two standard-of-care liver biopsies more than one
year apart were identified through eight of the participating centers in the PEDS-C study, a
U.S. based multi-center, placebo controlled study designed to assess the effect of therapy
with pegylated interferon and ribavirin in children with CHCL. Inclusion criteria for the
PEDS-C study specified a liver biopsy within 36 months prior to enrollment, which meant
that some children underwent a second liver biopsy if they had a previous biopsy more than
36 weeks prior to enrollment 2223, Nine children enrolled in the PEDS C trial who had
repeat liver biopsies were included in our study as were 36 treatment naive children with
CHC followed by PEDS C investigators but not included in the clinical trial. The latter
cohort was not included in the PEDS-C study due to several factors such as geographical
location, age, unwillingness to participate and inability to locate. Many of these patients
underwent treatment subsequently and the data are not reported here; results of the PEDS-C
trial are reported elsewhere (PEDS-C)!1. Repeat biopsies in this latter group were performed
for deteriorating clinical status, re-evaluation for treatment decision or, at the time of surgery
for concurrent indications such as a cholecystectomy. Exclusion criteria for this study were
known other causes of liver disease such as hepatitis B, Wilson’s disease, autoimmune
hepatitis or, past or current treatment for HCV infection. The study was conducted with
Institutional Review Board approval from each participating center.

General demographic data included gender, ethnicity, age at infection, duration of infection
to biopsy, source of infection (vertical, transfusion, and unknown), and BMI Z scores. The
putative date of infection was defined as the date of birth in those who acquired HCV
vertically, or, the date of transfusion or any surgery, presumed exposure to contaminated
needles during hospitalization; if none of the above was known, this data was excluded from
the calculation of duration of infection to biopsy.

Laboratory values within 3 months of the initial and follow-up biopsies including complete
blood count, serum alanine aminotransferase (ALT), total and direct bilirubin, prothrombin
time, albumin, and HCV RNA quantification by polymerase chain reaction (PCR) were
retrieved from retrospective chart review. Viral genotype was included when available. All
biopsies were scored for inflammation, fibrosis and steatosis by a single pathologist to
guarantee uniformity of interpretation. They were coded in a uniform manner and the
pathologist was blinded to clinical data, the sequence of the biopsies and the histologic
scoring originally performed 22, Liver biopsies were evaluated for necroinflammation
(grade) with the modified Histology Activity Index (HAI) and fibrosis (stage) by Ishak
classification 22. Demographic data and laboratory values were correlated with histologic
grading (grade of inflammation 0-18) and staging (stage of fibrosis 0-6) from the initial and
repeat biopsies to assess if there were significant histologic changes between the biopsies
and to identify any factors that predicted progression of liver disease in these children and
adolescents.

Statistical methods

If there were more than two biopsies performed on the same patient, the first and last
biopsies were used for statistical analysis. For comparative purposes, necroinflammatory
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scores were collapsed to none/minimal (HAI: 0-3), mild (4-6), moderate (7-9) and marked
> 10. Fibrosis scores were collapsed to none (stage 0), portal/periportal (stages 1-2),
bridging fibrosis and cirrhosis (stages 3—-6). Data were organized to enable determination of
changes from the first to the last liver biopsy. Percentages, means, and standard deviations
were calculated in the usual way. For categorical/binary variables, contingency table analysis
was used to assess the relationship between two variables with reference to the likelihood
ratio chi-square for the p-value. The likelihood ratio chi-square was used because it is robust
with small sample sizes and small cell sizes. For continuous variables, a standard t-test was
used for comparison of means between two groups (adjusting for heterogeneity of variance
as appropriate) and a standard ANOVA for comparison of means among three or more
groups. No adjustment was made for multiple comparisons. For highly skewed variables, a
Wilcoxon rank sum statistic (a nonparametric analog to the t-test) was used to confirm
statistical significance/non-significance. Z-scores for height, weight, and BMI were
calculated using the CDC growth tables, implemented using the gc-calculate-BIV. SAS
program from CDC. All analyses were performed using SAS Version 9.3.

We identified 44 treatment naive children with chronic HCV infection and no concurrent
liver diseases with at least two liver biopsies more than one year apart from the eight
participating centers. Their demographics are given in Table 1. The mode of transmission
was vertical in 25 (57%) of children, via transfusions in 17 (39%) and unknown in 2 (4%)
adopted children. Viral genotype was known in 35 children and was 1 (a/ b) in 30 (84%)
children. Mean age at the first and last liver biopsy was 8.6 and 14.5 years, respectively. The
mean interval between biopsies was 5.8 + 3.5 years, range 1-17 years. The duration of
infection to the two biopsies was 7.7 and 13.5 years, respectively. Laboratory values
including complete blood count, prothrombin time, bilirubin and albumin did not differ
significantly between the two sets of biopsies.

The histologic features in the 44 children at the time of initial and final biopsies are shown
in Table 2. Biopsy sizes were excellent (containing over 11 portal tracts) in 40 biopsies,
adequate (between 6-11 portal tracts) in 43 and modest (between 3-5 tracts) in 14. There
were two wedge and two surgical resection specimens. Thirty seven patients had 2 biopsies
each and 7 patients had more than two biopsies (five patients had 3 biopsies, two patients
had 4 each). The total biopsies reviewed were 97. Necroinflammatory activity was minimal
in 55 % and 50% of the patients on the first and the final biopsy respectively. Fibrosis was
absent in 16% at both biopsies and limited to portal/periportal in73% of children at the first
biopsy and 64% at the final biopsy. Bridging fibrosis/cirrhosis was present in 5 patients
(11%) at the first biopsy and 9 patients (20%) at the final biopsy (0 =0.0046). Thirteen
patients showed progression in fibrosis at varying stages between the two sets of biopsies.
The changes of progression and regression of fibrosis between biopsies in 24 patients are
discussed below. Steatosis was minimal or moderate in 23 % and 27% of the biopsies and
showed no progression or regression. “Chicken wire” fibrosis was found in three, giant cell
transformation in two and iron overload in two biopsies.

Hepatology. Author manuscript; available in PMC 2017 July 01.
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Histologic changes in the initial biopsy
The demographic features such as age at biopsy, duration of infection, BMI, laboratory
values such as ALT and viral load, and histologic changes of inflammation and steatosis on
the initial liver biopsy were analyzed for correlation with the stage of fibrosis to identify any
characteristics which had a predictive value for the severity of fibrosis (Table 3).
Necroinflammatory changes (p = <0.0001) and male gender (o = 0.03) positively correlated
with increasing stage of fibrosis. None of the other parameters such as age and duration of
infection to biopsy, mode of transmission, BMI or serum ALT had any significant
association with the severity of fibrosis.

Histologic changes between the first and final biopsies

We examined the differences in the clinical, biochemical and histologic characteristics
between the first and the final biopsies. Of the 44 patients, 20 (45.5%) did not show any
progression in fibrosis between the two biopsies. Thirteen (29.5%) had an increase in
fibrosis stage as shown in Fig 1. Eleven patients (25%) showed a regression of fibrosis on
the second biopsy (Fig 2). Serum ALT did not have any predictive value in indicating
progression or regression. Necroinflammatory changes, which had a positive correlation
with higher stages of fibrosis on the initial biopsies, also did not have any predictive value in
differentiating those who showed fibrosis progression on the final biopsy. Although
genotype 1 seemed to have a positive correlation with progression of fibrosis, the
disproportionately low numbers of non-genotype 1 (15%) may not support that assertion.

We evaluated the pattern and rate of progression of fibrosis in the 13 patients who showed
worsening of fibrosis between the first and final biopsies (Figure 1). Four patients
progressed from no fibrosis to portal/periportal fibrosis over an interval ranging from 4 to 17
years. Another four progressed from portal/periportal fibrosis to bridging fibrosis at intervals
from 2 to 8 years, two from portal/periportal fibrosis to cirrhosis at 8 and 11 years and one
patient from bridging fibrosis to cirrhosis in 4 years. Two patients showed progression from
stage 1 to 2 at intervals of 9 and 10 years, respectively. In aggregate, 5 patients demonstrated
bridging fibrosis or cirrhosis (stage 3-6) on the first biopsy and 9 on the final biopsy. The
details of the regression of fibrosis in 11 patients are shown in figure 2. Most of the changes
involved regression within portal/periportal fibrosis (stage 2 to 1) and from portal/periportal
to none. Two patients, at intervals of 10 and 12 years, showed a regression of fibrosis from
early bridging fibrosis (stage 3) to periportal fibrosis (fig 2).

Discussion

We present a retrospective study involving a group of treatment naive children and
adolescents with CHC with the aim to characterize the progression of histologic liver disease
over time using repeat liver biopsies. These patients had no other coexisting diseases or
complications such as viral infections, malignancy, autoimmune disease or chronic
medications that may have affected liver histology. The clinical and histological
characteristics of the patients who participated in the PEDS-C study have been detailed
previously 11: 2223 Majority of patients had only mild histologic liver disease during the
first two decades of life and in aggregate most of the children did not show significant
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progression in fibrosis at an interval of about five years. Significant fibrosis was noted in 5
children at the initial biopsy at a mean duration of 8 years of infection. Worsening of fibrosis
was noted in 13 children in whom there was no correlation with the mode of acquisition of
HCYV infection, demographic, clinical or laboratory variables such as ALT or presence of
autoimmune antibodies. To our knowledge, this is the largest series of treatment naive
pediatric patients who have been evaluated for histologic progression of CHC liver disease
based on repeat liver biopsies. This study provides a unique opportunity to explore the
natural history of pediatric HCV infection in an untreated pediatric population in a
longitudinal manner.

There are only a few reports involving repeat liver biopsies in untreated children with

CHC 624-26_The prognostic factors in predicting liver disease progression have been
variable in these studies; in some of the adult series serum ALT, duration of infection, viral
load and steatosis have been associated with fibrosis progression 1320, In one of the
pediatric studies involving repeat biopsies, Guido et al identified 13 children who had paired
liver biopsies from a retrospective multi-center study comprising of 112 children with
chronic CHC 24. The main finding from this study was that age at biopsy and the duration of
infection correlated with the stage of fibrosis 2. In a study spanning 35 years involving 31
adults who were infected with HCV from mini-transfusions in infancy, Cashiraghi et al
reported 5 patients who had a repeat liver biopsy after 5 years; only one patient showed an
increase in fibrosis by one stage 2.

Key pediatric studies involving single liver biopsies in the evaluation of the natural history of
untreated CHC have also shown conflicting results~7: 25, In a retrospective study of 40
children with CHC, Badizadegan et al found varying degrees of portal fibrosis in 78 % of
pediatric patients including cirrhosis in 8 % at a mean age of 11 years °- In contrast, large
long term follow up studies of transfusion acquired HCV infection early in life indicate a
relatively benign course over a 20-35 year interval with fibrosis progression in only a few
subjects!-2. Perinatal transmission has been implicated as a factor leading to a more
aggressive course for CHC related liver disease including hepatocellular carcinoma in case
reports and a few series 6.7:26- Our data showed that mode of transmission was not a
predictive factor for progression.

One of the limitations of this study is the sampling variability inevitable in a retrospective
study and the relatively small number of subjects. Liver biopsy sizes were excellent with 11
portal tracts only in 40/97 biopsies 22. They were adequate, although possibly suboptimal,
containing 6 portal tracts in 43/97 biopsies. Therefore any apparent improvement or even
worsening of fibrosis could have been in part due to sampling error of less than optimal
specimens available for review 12:13.22.28.29 Moreover the distribution of fibrosis is reported
to be patchy in CHC and small needle biopsies may not reliably estimate the extent of the
overall fibrosis which may also explain the finding of regression in a few of our

patients 12:13.27-29 1t js well recognized that the staging system often demonstrates a non-
linear progression of fibrosis!213, Prospective randomized controlled studies in untreated
children to address the adequacy and heterogeneity in biopsy sizes are challenging because
of the decreasing number of HCV infected patients, the benign clinical course during the
first two decades of life and the risks involved in liver biopsy. This clearly highlights the
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need for noninvasive markers of fibrosis which should be specifically validated for use in
infants and children. Until they are available, liver biopsy will remain the gold standard for
assessment of disease severity 12:13.28,

In this era of expanding treatment options for children and adolescents with CHC, the role of
an initial or repeat liver biopsy for treatment decisions needs to be examined. In the past,
many treatment trials mandated a liver biopsy; this approach is now being questioned since
children tolerate treatment well and the outcome of treatment is excellent, especially in non
genotypelpatients 811, The current NASPGHAN guidelines for management of pediatric
patients with chronic HCV recommend a liver biopsy if the result influences medical
decision making, such as initiation of treatment in genotype 1, or in the event of sudden
hepatic decompensation in a previously stable patient 21. These guidelines have been
supported by other investigators who advocate for a liver biopsy in the presence of
autoimmune markers, obesity, or suspected cirrhosis, and recognize that markers such as
ALT or viral load may not be predictive of severity or treatment outcomes 830, It may be
argued that treatment of a slowly progressing disease in an asymptomatic child may be
deferred given the side effects and limitations of the currently available therapy. On the other
hand, some might favor early treatment of a population with very little co- morbidity, facing
many decades with the potential unpredictability of the course of CHC liver disease8-11.
Liver biopsy finding is one of the critical factors which may influence decisions regarding
therapy 2131,

Based on the data from this retrospective study we conclude that, in the absence of specific
non-invasive predictive tools and more robust mathematical models of fibrosis estimation, a
follow-up biopsy after more than five years may be justified to evaluate CHC liver disease
severity and progression for treatment decisions, particularly in genotype 1 patients.

Abbreviations

HCV Hepatitis C Virus
ALT alanine aminotransferase
CHC chronic hepatitis C

HCV RNA hepatitis C virus ribonucleic acid

PCR polymerase chain reaction
HAI histologic activity index
BMI body mass index

NASPGHN North American Society of Pediatric Gastroenterology, Hepatology and
Nutrition

Hepatology. Author manuscript; available in PMC 2017 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Mohan et al.

Page 8

Bibliography

1.

Vogt M, Lang T, Frosner G, Klingler C, Sendl AF, Zeller A, Wiebecke B, et al. Prevalence and
clinical outcome of hepatitis C infection in children who underwent cardiac surgery before the
implementation of blood-donor screening. N Engl J Med. 1999; 341:866-70. [PubMed: 10498458]

. Casiraghi MA, Paschale MD, Romano L, Biffi R, Assi A, Binelli G, Zanetti AR. Long term

outcome (35 years) of hepatitis C after acquisition of infection through mini transfusions of blood
given at birth. Hepatology. 2004; 39:90-96. [PubMed: 14752827]

. Hoshiyama A, Kimura A, Fujisawa T, Kage M, Kato H. Clinical and histologic features of chronic

hepatitis C virus infection after blood transfusion in Japanese children. Pediatrics. 2000; 105:62-65.
[PubMed: 10617705]

. Guido M, Rugge M, Jara P, Hierro L, Giacchino R, Larrauri J, Zancan L, et al. Chronic hepatitis C

in children: the pathological and clinical spectrum. Gastroenterology. 1998; 115:1525-1529.
[PubMed: 9834281]

. Badizadegan K, Jonas MM, Ott MJ, Nelson SP, Perez-Atayde AR. Histopathology of the liver in

children with chronic hepatitis C viral infection. Hepatology. 1998; 28:1416-1423. [PubMed:
9794930]

. Mohan P, Colvin C, Glymph C, Chandra RR, Kleiner DE, Patel KM, Luban NLC, Alter HJ. Clinical

spectrum and histopathologic features of chronic hepatitis C infection in children. J Pediatr. 2007;
150:168-174. [PubMed: 17236895]

. Gonzalez-Peralta RP, Langham MR Jr, Andres JM, Mohan P, Colombani PM, Alford MK, Schwarz

KB. Hepatocellular carcinoma in two young adolescents with chronic hepatitis C. J Pediatr
Gastroenterol Nutr. 2009 May; 48(5):630-5. [PubMed: 19412012]

.Jara P, Hierro L, Vega A, Diaz C, Camarena C, Frauca E, Mufioz-Bartolo G, et al. Efficacy and

safety of peginterferon-a2b and ribavirin combination therapy in children with chronic hepatitis C
infection. Pediatr Infect Dis J. 2008; 27:142-148. [PubMed: 18174875]

. Wirth S, Ribes-Koninckx C, Calzado MA, Bortollotti F, Zancan L, Jara P, Shelton M, et al. High

sustained virologic response rates in children with chronic hepatitis C receiving peginterferon
alfa-2b plus ribavirin. J Hepatol. 2010; 52:501-507. [PubMed: 20189674]

10. Sokal EM, Bourgois A, Stephenne X, Silveira T, Porta G, Gardovska D, Fischler B, et al.

Peginterferon alfa-2a plus ribavirin for chronic hepatitis C virus infection in children and
adolescents. J Hepatol. 2010; 52:827-831. [PubMed: 20400194]

11. Schwarz KB, Gonzalez-Peralta RP, Murray KF, Molleston JP, Haber BA, Jonas MM, Rosenthal P,

et al. The combination of ribavirin and peginterferon is superior to peginterferon and placebo for
children and adolescents with chronic hepatitis C. Peds-C Clinical Research Network.
Gastroenterology. 2011 Feb; 140(2):450-458. [PubMed: 21036173]

12. Marcellin P, Asselah T, Boyer N. Fibrosis and disease progression in Hepatitis C. Hepatology.

2002; 36:S47-S56. [PubMed: 12407576]

13. Ghany MG, Kleiner DE, Alter H, Doo E, Khokar F, Promrat K, Herion D, et al. Progression of

fibrosis in chronic hepatitis C. Gastroenterology. 2003; 124:97-104. [PubMed: 12512034]

14. Hoefs JC, Shiffman ML, Goodman ZD, Kleiner DE, Dienstag JL, Stoddard AM. the HALT-C Trial

group. Rate of progression of hepatic fibrosis in patients with chronic hepatitis C: Results from the
HALT-C trial. Gastroenterology. 2011; 141:900-908. [PubMed: 21699796]

15. Albloushi SS, Murray FE, Callagy G, Courtney MG, O’Keane JC, Kay E. Chang s in liver

histopathology in women infected with hepatitis C through contaminated anti-D immunoglobulin
injections in Ireland et al. Eur J Gastroenterol Hepatol. 1998; 10(1):69-73. [PubMed: 9512956]

16. Castera L, Hezode C, Roudot-Thoraval F, Bastie A, Zafrani E-S, Pawlotsky J-M, Dhumeaux D.

Worsening of steatosis is an independent factor of fibrosis progression in untreated patients with
chronic hepatitis C and paired liver biopsies. Gut. 2003; 52:288-92. [PubMed: 12524415]

17. Ryder SD. Trend Hepatitis C Study Group. Progression of hepatic fibrosis in patients with hepatitis

C: a prospective repeat liver biopsy study. Gut. 2004; 53:451-455. [PubMed: 14960533]

18. Collier JD, Woodall T, Wight DGD, Shore S, Gimson AE, Alexander GIM. Predicting progressive

hepatic fibrosis stage on subsequent liver biopsy in chronic hepatitis C virus infection. J Viral
Hepatitis. 2005; 12:74-80.

Hepatology. Author manuscript; available in PMC 2017 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Mohan et al.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Page 9

Wilson LE, Torbenson M, Astemborski J, Faruki H, Spoler C, Rai R, Mehra S, et al. Progression of
liver fibrosis among injection drug users with chronic hepatitis C. Hepatology. 2006; 43:788-795.
[PubMed: 16557548]

Fujiwara A, Sakaguchi K, Fujioka S, Iwasaki Y, Senoh T, Nishimura M, Terao M, et al. Fibrosis
progression rates between chronic hepatitis B and C patients with elevated alanine
aminotransferase levels. J Gastroenterol. 2008; 43:484-91. [PubMed: 18600393]

Mack CL, Gonzalez-Peralta RP, Gupta N, Leung D, Narkewicz MR, Roberts EA, Rosenthal P,
Schwarz KB, et al. NASPGHAN practice guidelines: Diagnosis and management of hepatitis C
infection in infants, children, and adolescents. J Pediatr Gastroenterol Nutr. 2012 Jun; 54(6):838-
55. [PubMed: 22487950]

Goodman ZD, Makhlouf HR, Liu L, Balistreri W, Gonzalez-Peralta RP, Haber B, Jonas MM, et al.
Pathology of chronic hepatitis C in children: liver biopsy findings in the Peds-C trial. Hepatology.
2008; 47:836-843. [PubMed: 18167062]

Murray KF, Rodrigue JR, Gonzélez-Peralta RP, Shepherd J, Barton BA, Robuck PR, Schwarz KB.
for the PEDS-C Clinical Research Network. Design of the PEDS-C trial: pegylated interferon +/—-
ribavirin for children with chronic hepatitis C viral infection. Clin Trials. 2007; 4(6):661-73.
[PubMed: 18042575]

Guido M, Bortolloti F, Leandro G, Jara P, Hierro L, Larrauri J, Barbera C, et al. Fibrosis in chronic
hepatitis C acquired in infancy: is it only a matter of time? Amer J Gastroenterol. 2003; 98:660—
663. [PubMed: 12650803]

Bortolloti F, Verucchi G, Camma C, Cabibbo G, Zancan L, Indolfi G, Giacchino R, et al. Long-
term course of chronic hepatitis C in children: from viral clearance to end- stage liver disease.
Gastroenterology. 2008; 134:1900-7. [PubMed: 18439604]

Birnbaum AH, Schneider BL, Moy L. Hepatitis C in children. N Engl J Med. 2000; 342:290-92.
[PubMed: 10660388]

Bedossa P, Dargére D, Paradis V. Sampling variability of liver fibrosis in chronic hepatitis C.
Hepatology. 2003; 38:1449-57. [PubMed: 14647056]

Skripenova S, Trainer TD, Krawitt EL, Blaszyk H. Variability of grade and stage in simultaneous
paired liver biopsies in patients with hepatitis C. J Clin Pathol. 2007; 60:321-324. [PubMed:
16698951]

Colloredo G, Guido M, Sonzogni A, Leandro G. Impact of liver biopsy size on histologic
evaluation of chronic viral hepatitis: the smaller the sample, the milder the disease. J Hepatol.
2003; 39:239-244. [PubMed: 12873821]

Guido M, Bortolloti F. Chronic viral hepatitis in children: any role for the pathologist? Gut. 2008;
57:873-877. [PubMed: 18559378]

Jara P, Hierro L. Treatment of hepatitis C in children. Expert Rev Gastroenterol Hepatol. 2010;
4(1):51-61. [PubMed: 20136589]

Hepatology. Author manuscript; available in PMC 2017 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Mohan et al.

Page 10

O1st biopsy
M Final Biopsy

Fibrosis score
(9]

2 4 4 447 8 8 9 9101117
Interval between biopsy (yrs.)

Figure 1. Pattern and rate of progression in 13 patients with wor sening fibrosis between first and
final biopsies

Four patients progressed from no fibrosis to portal/periportal fibrosis (from stage 0 to 1), and
four progressed from portal/periportal fibrosis to bridging fibrosis. Two patients progressed
from stage 1 to 2 within portal/periportal fibrosis and another two from portal/periportal to
bridging fibrosis/ cirrhosis (stage 1 to 5-6). There was worsening from bridging fibrosis to

cirrhosis (stage 4 to 6) in one patient. Each set of bars represents one patient.
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Figure 2. Fibrosisregression in 11 patients between first and final biopsies
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O 1st biopsy
B Final biopsy

The figure represents 11 patients who showed a regression of fibrosis between the two
biopsies. Most of the changes involved regression within (stage 2—1) and from portal/
periportal fibrosis to none. Two patients, at intervals of 10 and 12 years, showed a regression
of fibrosis from early bridging fibrosis to periportal fibrosis. Each set of bars represents one

patient.
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Table 1
Patient Characteristics
Patient Char acteristics N %
Gender 44
Female 20 45%
Male 24 55%
Genotype 35
12~ 20 56%
1b 10 28%
2 3 9%
3 2 6%
Race/Ethnicity 44
White 32 73%
Black 6 14%
Asian 1 2%
Mixed 5 11%
Ethnicity 44
Hispanic 5 11%
Mode of Transmission 44
Vertical 25 57%
Transfusion 17 39%
Unknown 2 4%
15t Biopsy Mean (SD) | 2" Biopsy Mean (SD)
Age (Yrs) 8.6 (4.1) 14.5 (4.0)
Duration (YTrs) 7.7 (4.3) 13.5(4.4)
Viral Load (x106) 1U/ml 0.85 (1.24) 1.84(2.39)
ALT (U/L) 90 (73) 70 (53)

*
includes 3 patients with Genotype 1 (not otherwise specified)
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Table 3

Comparison of Patient Characteristics and histology by Stage of Fibrosis at First Biopsy

Characteristic at First Biopsy Stage of Fibrosisat First Biopsy p-Value
None (N=7) | Portal/Peri-Portal (N=32) | Bridging/Cirrhosis (N=5)

Age(Yrs) ¥ 9.9 (3.9) 8.0 (4.1) 11.0 3.7) 0.22
Duration (Yrs) * 9.3(4.2) 7.0 (4.0) 10.0 (5.6) 0.19
HCV RNA x 108 *(1U/ml) 16(@21) 0.6 (0.8) - 0.11
ALT (UIL) * 56 (29) 94 (81) 118 (56) 0.34
BMI Z-Score * 0.97 (0.94) 0.12 (1.50) 0.72 (0.39) 0.28
Gender (Male) % (n) 43% (3) 50% (16) 0% (0) 0.03
Transmission (Vertical) % (n) 43% (3) 59% (19) 60% (3) 0.68
Genotype - % (n)

1 100% (7) 88% (22) 50% (1)

2 0% (0) 6% (2) 50% (1) 0.11

3 0% (0) 6% (2) 0% (0)
Steatosis % (n)

None 71% (5) 78% (25) 80% (4)

Mild/Moderate 29% (2) 22% (7) 20% (1) 0.1
Grade % (n)

None/Minimal 100% (7) 53% (17) 0% (0)

Mild 0% (0) 25% (8) 0% (0) | <0.0001

Moderate 0% (0) 22% (7) 40% (2)

Marked 0% (0) 0% (0) 60% (3)

*
Mean (£ S.D.)
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