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Background: The natural history of hepatitis C virus (HCV) infection remains uncertain. Previous data
concerning rates of progression are from studies using estimated dates of infection and single liver biopsy
scores. We prospectively studied the rate of progression of fibrosis in HCV infected patients by repeat liver
biopsies without intervening treatment.
Patients: We studied 214 HCV infected patients (126 male; median age 36 years (range 5–8)) with
predominantly mild liver disease who were prospectively followed without treatment and assessed for risk
factors for progression of liver disease. Interbiopsy interval was a median of 2.5 years. Paired biopsies
from the same patient were scored by the same pathologist.
Results: Seventy of 219 (33%) patients showed progression of at least 1 fibrosis point in the Ishak score; 23
progressed at least 2 points. Independent predictors of progression were age at first biopsy and any
fibrosis on first biopsy. Factors not associated with progression were: necroinflammation, duration of
infection, alcohol consumption, alanine aminotransferase levels, current or past hepatitis B virus infection,
ferritin, HCV genotype, and steatosis or iron deposition in the initial biopsy.
Conclusions: One third of patients with predominantly mild hepatitis C showed significant fibrosis
progression over a median period of 30 months. Histologically, mild hepatitis C is a progressive disease.
The overall rate of fibrosis progression in patients with hepatitis C was low but increased in patients who
were older or had fibrosis on their index biopsy. These data suggest that HCV infection will place an
increasing burden on health care services in the next 20 years.

H
epatitis C virus (HCV) was described in 19891 and is a
significant cause of chronic liver disease. A number of
factors have been suggested to influence progression of

liver disease towards cirrhosis. Data are from studies which
are predominantly retrospective or have uncertain inclusion
criteria; many are from tertiary referral centres which may
have a bias towards more severe liver disease. The largest
study of the natural history of liver fibrosis in HCV infection2

relies on a single liver biopsy fibrosis score and an estimated
duration of infection, thus making assumptions that the date
of infection was reliable and that liver fibrosis progresses at a
linear rate.

Treatment for HCV infection remains complex, is costly,
has substantial side effects, and even with improved regi-
mens only a 55% prospect of success.3 The majority of
patients with HCV have mild liver disease on biopsy. Hence
reliable data on the rates and risk factors for progression of
liver fibrosis are essential for the development of a rational
treatment strategy.

This study aimed to determine the factors leading to
histological progression of fibrosis in a cohort of patients with
HCV infection with paired liver biopsy samples taken after a
time interval, with no intervening therapy.

PATIENTS AND METHODS
The Trent HCV Study Group is a collaborative multidis-
ciplinary group whose aim is to produce both research into
the pathogenesis of disease and clinical guidelines for therapy
in HCV infection. Within the Trent Health Care Region,
covering a population of 5.1 million, the majority of
individuals found to be HCV antibody positive are referred
to a clinician within the group for investigation and follow
up. The group has an agreed management protocol, with a
decision algorithm which states that therapy should be
offered to patients with moderate to severe liver disease,

originally taken as a total Knodell score of 6 or more.4 Any
patient with a score below 6, or who declines therapy, is
followed prospectively and a repeat liver biopsy recom-
mended after a two year interval. Patients with known
human immunodeficiency virus infection, coagulation dis-
orders, and those on renal replacement therapy were
excluded from the cohort as the natural history may differ
in these groups. The Trent HCV study started in 1991.

Patients included in the study cohort
As of December 2000, 1978 patients had been entered into
the Trent HCV Study Group database.4 Full ethics approval
was obtained for the study. Liver biopsy had been undertaken
in 841 HCV RNA positive patients. A total of 261 patients had
received treatment with interferon after their initial liver
biopsy. Of the 580 untreated patients, 216 have presently less
than two years of follow up and have not yet received a
second liver biopsy, 40 (7%) have declined further biopsy,
and 73 (13%) have been lost to follow up. In 32 patients, one
or other biopsy was either unobtainable or deemed too small
to score. Five patients with paired samples had cirrhosis on
the first biopsy and therefore could not progress. Biopsy
scores and data collection are complete in 214 patients who
form the group reported herein.

Variables measured
The genotype of the infecting HCV was assessed by restriction
fragment length polymorphism assay5 or, more recently, by a
commercially available line probe assay (Inno-LiPa).
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Abbreviations: HCV, hepatitis C virus; HBV, hepatitis B virus; HBsAg,
hepatitis B surface antigen; anti-HBc, anticore hepatitis B antibody; ALT,
aminotransferase; IVDU, intravenous drug use
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Hepatitis B virus (HBV) infection was sought by hepatitis B
surface antigen (HBsAg) testing and in those negative for
HBsAg, anticore antibody (anti-HBc) as evidence of prior
infection.

Serum ferritin, and mean and peak alanine aminotransfer-
ase levels (ALT) were recorded, together with immunoglob-
ulins and autoantibodies.

At enrolment into the Trent HCV Cohort Study, all
patients are asked to complete a detailed risk factor
questionnaire which provides information on factors
associated with spread of blood borne viruses (intravenous
drug use (IVDU), transfusion, sexual history, tattooing).
Patient demographic details (age at biopsy, date of first
exposure to a known risk factor, sex) were also recorded. At
each clinic visit, all patients complete a questionnaire
detailing their alcohol consumption over the week prior to
clinic attendance.

Histological assessment of liver biopsy samples
Liver biopsies were all standard percutaneous samples, and
the threshold of adequacy for histological assessment was the
presence of more than five portal tracts. All biopsy samples
were assessed blindly for the study, separate from the clinical
assessment made by local histopathologists, by one of three
histopathologists (JCEU, AZ, and JW), and scored for fibrosis
and necroinflammatory changes (Knodell, Ishak).6 7 Iron
stores were scored on Perl’s stained sections, with grading
from 0 to 4 (4, maximum). Steatosis was scored from 0
(none) to 4 (extensive). The pathologist had no knowledge of
data other than the patient identifier and laboratory
accession number. Each pair of biopsies was scored by the
same pathologist.

Statistical analysis
SPSS for Windows v10 was used to produce logistic
regression models, with progression of fibrosis by a score of
more than 1 stage point as the dependent variable. Terms
were kept in the model at p,0.1. For statistics relating to
Ishak necroinflammatory score, initial scores were also
categorised in groups (scores 0 and 1, scores 2–4, scores 5–
6, and score 7 or more).

RESULTS
Patient details
Of the 214 patients studied, 126 were male (59%). Median
age at the time of initial biopsy was 36 years (range 5–78). A
total of 114 (52%) patients admitted to having used injectable
drugs and a further 49 (23%) had received blood components
prior to 1991 (when blood donor screening for HCV was
introduced in the UK). Where known, viral genotypes were 1
in 73 patients, 2 in 21, 3 in 60, and one each of types 4 and 5.
Three patients were HBsAg positive and a further 53 had
evidence of previous exposure to HBV (anti-HBc positive).
Median duration of infection among patients with a probable
date of infection (using the first date of exposure to risk) was
18.9 years (range 4–41). Median interbiopsy interval was
2.5 years (range 1.9–9.4). Seven per cent of all biopsies in this
study were scored twice, producing an intraobserver varia-
bility of 0.07 for fibrosis and 0.13 for necroinflammation, and
an interobserver variability of 0.1 for fibrosis stage and 0.2 for
necroinflammatory grade.

Assessment of initial l iver biopsy
The median total Ishak score on the initial biopsy was 3
(range 0–19) (fig 1). The majority of patients (188) had total
scores of 6 or less, with fibrosis stage scores of 0 or 1 (183
patients; fig 1).

Progression of disease evident on second liver biopsy
Median necroinflammatory grade and fibrosis stage scores
progressed between biopsies from 2 to 3 and from 0 to 1,
respectively (p = 0.025 and p,0.001). Changes in these
scores are shown in table 1. Seventy of 214 (33%) patients
had an increase in fibrosis stage score of 1 or more point in
Ishak stage (table 1). Twenty three of 210 patients (11%)
(excluding five patients with fibrosis stage 5 or more on the
index biopsy who therefore could not progress by more than
a single point) showed progression of 2 points or more.
Twenty two patients had a reduction in fibrosis score on the
second biopsy (10%), 20 by 1 point, one by 2 points, and one
by 3 points.

Factors related to fibrosis progression between
biopsies 1 and 2
For the purposes of analysis of fibrosis progression, patients
were considered to have any progression if the score
increased by 1 point or more and serious progression if the
score increased by 2 points. The comparator groups for the
analysis were a combination of patients with any fibrosis
regression and those with no change in fibrosis for analysis of
1 point progression. For the severe (2 point) progressors, the
comparator group was patients with fibrosis regression,
stable fibrosis, and 1 point progression.

The results of univariate analysis of factors influencing
severe fibrosis progression (2 points in Ishak stage) are
shown in table 2. Age at biopsy (45.6 v 36.2 years; p,0.001),
estimated age at infection (27.4 v 18.7 years; p = 0.04),
necroinflammatory score on biopsy 1 (median 4 v 2;
p = .007), and fibrosis score on biopsy 1 (16/23 progressors
v 64/187 non-progressors; p = o.001) all predicted progression
while sex, alcohol consumption, steatosis and siderosis on
biopsy 1, ALT, and HCV genotype did not. Markers of HBV
infection were not statistically significant as a risk factor for
progression although there was an excess of anticore anti-
body positive patients in the progressor group. Interval
between biopsy (taken as 0–2 years, 2–4 years and .4 years)
was also not a significant factor predicting fibrosis, probably
because 88% of all second biopsies occurred between 2.5 and
3.5 years after the index biopsy.
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Figure 1 (A) Total (necroinflammatory plus fibrosis) and fibrosis stage
(B) Ishak scores on the index liver biopsy.
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The results of multivariate analysis are shown in table 3.
The most significant independent risk factors for severe
progression of fibrosis by 2 points or more were age at biopsy
and the presence of any fibrosis on the index biopsy. No other
variable reached independent statistical significance.
Identical results were obtained if significant progression in
fibrosis was defined as 1 point in the Ishak score.

Immunoglobulin G levels were elevated in 16 patients but
unrelated to fibrosis progression (p = 0.81). Five patients had
low titre (,1/50) positive antinuclear antibody levels and
three had low titre (,1/100) antismooth muscle antibodies;
again, neither was associated with fibrosis progression. Mode
of transmission (IVDU v other) had no association with
progression.

No significant differences were obtained relating to risk of
progression of fibrosis if Knodell scores for fibrosis were used
rather than the Ishak fibrosis score. A very strong correlation
existed between the two scoring systems (p = 0.0001, data
not shown).

Forty six patients had persistently normal ALT values.
Overall, fibrosis progression was seen in 10 (22%) of these
patients (five by 1 Ishak stage, five (12%) by more than 1).
While indicating a trend for disease progression to be less in
this subgroup, these values were not significantly different
from those for patients with abnormal ALT values where 59/
162 (36%) patients progressed (41 by 1 stage, 18 (12%) by
more than 1).

The two independent risk factors for progression of
fibrosis (table 3) both conferred a significant risk of
progression. Table 4 indicates the numbers of patients whose
fibrosis did or did not progress, according to whether they
possessed none or both of the two risk factors (age over
35 years and fibrosis on the index biopsy). None of 59
patients in the former group had fibrosis progression by 2
Ishak stages compared with 14/65 (22%) patients in the latter
group.

DISCUSSION
This large prospective liver biopsy based study of fibrosis
progression in chronic HCV infection demonstrates that even
in patients with apparently mild liver disease at presentation,
progression of fibrosis does occur in a significant proportion
(70/214, 33%) in less than three years.

Most previous studies of the natural history of hepatitis C
infection have been retrospective.2 8 9 The largest study2 used
a single liver biopsy with an estimated duration of infection
to calculate a fibrosis progression rate. This approach has
inherent error, infection duration relying predominantly on
date of first use of injectable drugs. In addition, 17% of
patients in that study had cirrhosis on initial biopsy and
fibrosis cannot be graded further than cirrhosis. It is well
known that asymptomatic cirrhosis can be present for many
years, thus inclusion of such patients will underestimate
fibrosis progression. Use of a single biopsy and calculation of
progression rates also assumes linear progression through all
stages of infection, an assumption which has no clear
evidence base.

There are other prospective series of patients in the
literature.10–12 The largest of these studied 123 patients12 with
a mean interval between biopsies of 44 months. None of
these studies has details of the total patient population and
how they were selected, which limits the significance of their
conclusions. The major factor identified as increasing fibrosis
risk in these studies was necroinflammation, a factor not
significant in studies of single biopsies with an estimated
date of infection.13 In univariate analysis, our data showed
that necroinflammatory grade score in the index biopsy
predicted fibrosis progression but this was not an indepen-
dent factor when entered into the multivariate analysis. The
necroinflammatory grade in this cohort of patients was
modest (.5 in only 26 patients) on the index biopsy but
showed a significant rise in the second biopsy. This is the first
study to show that necroinflammation increases over time.

Table 1 Change in Ishak scores for fibrosis stage and necroinflammatory change

Change in score

>4 23 22 21 0 1 2 3 4 5 .5

Grade 5 6 13 46 54 40 26 11 7 4 2
Stage 0 0 2 20 122 47 12 5 3 3 N/A

Number of patients with change in fibrosis stage and necroinflammatory grade scores between paired liver
biopsies in 214 untreated patients with hepatitis C.

Table 2 Univariate analysis of factors influencing severe (2 points or more) fibrosis
progression

Demographic factor Progressed (n = 23) No progression (n = 187) *p Value

Sex
Male 13 109
Female 10 78 NS

Alcohol (units/week)� 4.5 5.0 NS
Age at index biopsy (y)� 45.6 36.2 0.001
Age at infection (y)� 27.4 18.7 0.05
Duration of infection (y)� 24.7 18.7 0.04
Route of transmission

Injecting drug use 13 100
Other 10 77 NS

Risk factors for fibrosis progression in patients with hepatitis C with severe progressive (2 points or more) or non-
progressive liver fibrosis (regression of fibrosis, no progression of fibrosis, and 1 point progression of fibrosis),
between biopsies 1 and 2.
No data available on risk factors for 10 patients, hepatitis B virus markers for 11 patients, aminotransferase levels
for one patient, and hepatitis C virus genotypes for 58 patients.
*p values for univariate analysis.
�Median values.
**x2 for linear trend.
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There was no suggestion in our study that higher ALT
values carry an increased risk of fibrosis progression, a
finding contrary to another twin biopsy study.12 In this
cohort, ALT values varied over time in most individuals, and a
single, even marked, elevation in ALT value carries little value
in that individual as a predictor of fibrosis.

Our study avoided the pitfall of estimated duration of
infection by prospectively following a relatively large group of
patients selected to have mild or moderate liver disease. In
addition, serial data were collected on factors such as alcohol
intake and transaminase values, which have not been
available previously. The Trent Hepatitis C cohort is likely
to be representative of the UK population, as there is no
tertiary referral bias in this group and all patients included
and excluded from the study were known.

The rate of progression of hepatic fibrosis in this cohort
was variable, the most rapid progression being from a fibrosis
score of 0 to cirrhosis in less than two years, but the majority
of patients showed no progression. If a linear rate of
progression is assumed from the time of infection to the
development of cirrhosis, the rate of progression overall was
0.17 Ishak fibrosis points per year. This is similar to previous
data2 12 13 which suggest progression rates from 0.12 to 0.19
units per year.

This study however provides strong evidence that progres-
sion of hepatic fibrosis in hepatitis C is non-linear. The most
significant risk factors were age at biopsy, rather than
duration of infection, and the presence of fibrosis on the
index biopsy. This suggests that hepatitis C infection may
somehow become more fibrogenic with advancing host age.
This may be one explanation for the apparent lack of fibrotic
liver disease progression in young women infected with
hepatitis C via immunoglobulin anti-D.14 There are emerging
data from the post-transplant setting which suggest that this
may be a general effect of the aging liver. Increasing donor
age is a significant risk factor for severe post-transplant
recurrence of hepatitis C.15 16 The potential mechanisms for
this accelerated organ damage are not known.

All paired liver biopsies in this study were assessed by a
single histopathologist, and three experienced liver histo-
pathologists were involved in this study. Intraobserver
variation between assessments of the same sample is less
for fibrosis stage than for necroinflammatory grade,17 and in
this study was low. Regression of fibrosis was seen in 10% of
patients in this study, presumably due to a combination of

observer error in interpretation and sampling variation.
Fibrosis progressed in 33%.

Previous studies have emphasised the role of male sex and
high alcohol consumption, a combination of these factors
doubling the rate of fibrosis.2 This was not seen here. Overall
alcohol consumption in the study group was however very
low, as most patients willing to attend regularly and to have
repeat liver biopsies take notice of medical advice and
consume little alcohol. It is of note that in patients who
present with significant liver disease in our cohort, alcohol
consumption is much higher that that seen in this follow up
study of patients presenting with mild disease.4 This suggests
that alcohol is an important cofactor at presentation, but if
alcohol consumption is reduced, prior fibrosis and age
become the most important predictors of severe disease.

Several recent studies have suggested that the presence of
steatosis in liver biopsies in hepatitis C may predict
progression.18 Fibrosis has been correlated with steatosis
and body mass index,19 and steatosis has been linked with
increased hepatitis C core protein expression.20 A recent small
study in patients with HCV infection showed weight loss
reduced both steatosis and fibrosis.21 Our data showed that
steatosis did not increase the risk of fibrosis progression.

There is evidence of viral interference in livers containing
replicating HBV and HCV.22 23 There is evidence that HBsAg
carriage alone may enhance fibrosis in HCV positive
patients.24 25 The presence of occult HBV infection in patients
with HCV infection has been correlated with increased
histological severity scores.26–28 This study showed no sig-
nificant association of anti-HBc with increased fibrosis
progression although the increased proportion of anti-HBc
positive patients in the progressor group is worthy of further
study.

Genotypes 1 and 3 predominated in our cohort, a
distribution very similar to those previously reported in the
UK.29 There was no significant relationship between genotype
and risk of development of fibrosis. There are conflicting
reports in the literature with regard to this issue.30–33 Our data
do not suggest that genotype 1 has a significant role in
progression of fibrosis although it clearly is an important
factor in the prediction of response to therapy.34

Iron loading has been the subject of intense study in
hepatic fibrosis. Hepatic iron concentrations are elevated in
hepatitis C35 and correlate with necroinflammatory change
and increased stellate cell numbers.36 Iron loading has been
suggested to be a factor in fibrosis progression in hepatitis
C.37 Our data showed a non-significant increase in serum
ferritin (77 v 105) in patients with progression of hepatic
fibrosis but histological iron stores assessed on a Perl’s
stained section did not correlate with increased fibrosis.

We conclude that histologically mild hepatitis C is a
progressive disease. The overall rate of fibrosis progression is
low but increased in patients who are older or have fibrosis
on their index biopsy. These data suggest that HCV infection
will place an increasing burden on health care services in the
next 20 years as the population infected with HCV ages.

Table 4 Risk of progression in two groups with and without significant risk factors for
progression

‘‘Good risk group’’ ‘‘Poor risk group’’
Age (35 y, no fibrosis Age .35 y, any fibrosis

No of patients 59 65
No progression 48 (81%) 39 (60%)
1 point progression 11 (19%) 12 (18%)
2 points progression 0 (0%) 14 (22%)

‘‘Poor risk’’, age .35 years and fibrosis present on the index biopsy.
‘‘Good risk’’, age (35 and no fibrosis.

Table 3 Multivariate analysis of factors influencing
fibrosis progression: independent risk factors for
progression of fibrosis

Factor Adjusted RR 95% CI p Value

Fibrosis 1.93 3.38 (1.3–9.0) 0.014
Age at biopsy 1.08 1.03–1.11 0.001

RR, relative risk; 95% CI, 95% confidence interval.
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