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Abstract
Objective-To confirm the findings of pilot studies

that interferon alfa is an effective treatment of
Europid men with chronic hepatitis B virus infection.
Design-Randomised controlled trial of three

months' treatment with interferon alfa followed by
12 months of observation.
Setting-Outpatient clinic of a tertiary referral

centre.
Patients-37 Treated men (six anti-HIV positive)

and 34 untreated men (nine anti-HIV positive) who
met the criteria for the trial. Four controls failed to
complete follow up.
Interventions-The treated group received sub-

cutaneous injections of 5-10 MU interferon alfa/m7
daily for five days, then 10 MU/mi thrice weekly for
11 weeks. Follow up continued at monthly intervals
for 12 months. Untreated controls were monitored
over the same period.
Main outcome measure-Hepatitis B e antigen and

hepatitis B virus DNA state after 15 months of
observation.
Results-12 Of the 37 treated patients cleared

hepatitis B e antigen and hepatitis B virus DNA,
whereas only one of 30 untreated controls serocon-
verted over the same period-an increased response
rate of 29% (95% confidence interval 13% to 45%).
The life table estimate of response at 15 months was
35% in treated patients, an increase of 32% above
controls (95% confidence interval 16% to 48%). The
response rates in groups by predictive pretreatment
variables were 12 of 31 anti-HIV negative patients
(excess response 34%; 95% confidence interval 14%
to 54%), 12 of 26 with chronic active hepatitis before
treatment (excess response 46%; 27% to 65%), and
12 of 21 with a pretreatment serum aspartate amino-
transferase activity >70 IU/I (excess response 46%;
16% to 76%). The combination of these factors
predicted response with a sensitivity of 100% and a
specificity of 80%. Four of the 12 responders, who
had all been infected for less than two years, also lost
hepatitis B surface antigen. Treatment was well
tolerated.

Conclusions -Interferon alfa is effective in the
treatment of a proportion of Europid men with
chronic hepatitis B virus infection, who might be
identified before treatmpnt. Additional strategies are
required to improve the rate of response.

Introduction
Most of the world's 200 million hepatitis B carriers

are found in Far Eastern countries, of whom the
majority were infected at birth by vertical transmission
of the virus.'4 Carriage of the hepatitis B virus is found
in 0 1-0 2%/o of the population of the United Kingdom,
of whom most have been infected as a result of sexual
contact, drug abuse, and the use of contaminated blood
products (horizontal transmission). 2 Long term
follow up of patients with chronic hepatitis B virus
infection in the United Kingdom and the Far East have

so far found that one fifth to half of the deaths were due
to cirrhosis or hepatocellular carcinoma.` Vertically
acquired disease responds poorly to antiviral meas-
ures,9 "' but several small studies have established the
success of interferon alfa in infections acquired in
adulthood.""'' This larger trial was initiated to try to
confirm these preliminary results and also to identify
factors that might be used to predict which group of
patients responds to treatment.

Patients and methods
A consecutive series of 71 Europid men who had

definite hepatitis B e antigen and hepatitis B virus
DNA positive, anti-delta negative hepatitis B infection
of greater than six months' duration were admitted to
the trial (table I). All gave written informed consent.
The protocol was approved by the hospital's clinical
trials ethics committee and carried out under a clinical
trials licence issued by the Department of Health and
Social Security.

Qualifying patients were stratified by ethnic origin
(northern European versus Mediterranean), sexual
preference (homosexual versus heterosexual), and
histological findings in the liver (chronic active hepatitis

TABLE I -Inclusion and exclusion criteria used in trial

Criteria for inclusion in trial Criteria for exclusion from trial

Age 18-65 Continuing drug abuse
Male Europid Antiviral or immunosuppressive
I)ocumcntcd hepatitis B virus treatment within past six months

infection (positive for hepatitis Coexistent chronic illness including
B e antigen and hepatitis B Xvirus livcr discase unrelated to hepatitis B

DNA) for over six months virus infection
Liver biopsy within six months Karnofskv test performance <80"/,

of entrv showing chronic
hepatitis

Ability to complN with trial
requirements

versus chronic persistent hepatitis). They were then
randomly assigned to receive interferon alfa (treated
group; n=37) or no treatment (controls; n=34). Initial
daily subcutaneous injections of 5 MU/M2 for three
days were followed by 10MU/m2 for a further two
days, then 10 MU/mi thrice weekly for 11 weeks. Most
patients injected the drug themselves in the late
evening.

Each patient was reviewed daily for the first five
days, weekly during the next 11 weeks, and monthly
for one year after treatment. Untreated controls were
seen monthly for 15 months. At each visit blood was
taken for routine haematological studies, estimation of
prothrombin time, liver function tests, including
assessment of aspartate aminotransferase activity,
hepatitis B serology, hepatitis B virus DNA state,
presence of anti-interferon antibodies, and HIV
serology as appropriate. At the end of treatment
patients completed a questionnaire on the severity of
side effects (graded mild, moderate, or severe) and
their tolerance of treatment. On completing follow up
patients were requested to have a further liver biopsy,
after which untreated controls were offered interferon.
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SEROLOGICAL METHODS

Hepatitis B surface antigen was measured by an
in house monoclonal antibody based radioimmuno-
assay'4 and hepatitis B e antigen, antibody to e antigen,
and antibody to surface antigen by commercial radio-
immunoassays (Abbott Laboratories, Chicago). Serum
hepatitis B virus DNA was measured by using phos-
phorus-32 labelled cloned DNA in a molecular
hybridisation technique.' Anti-HIV was detected by
means of an enzyme linked immunosorbent assay
(ELISA; Wellcome Laboratories, Beckenham, Kent).
HIV p24 antigen and anti-p24 were also measured by
ELISA (Abbott Diagnostic Products, Wiesbaden-
Delkenheim West Germany).

Anti-interferon antibody was detected by means of a
biological method in which serum containing antibody
inhibits the cytoprotective effects of interferon alfa
when assayed with V3 monkey kidney cells (Wellcome
Laboratories, Beckenham, Kent) and challenged with
Semliki Forest virus. In brief, six serial log,( 0.5
dilutions containing 103' to 10 IU interferon alfa per
litre were mixed with equal volumes of 1/10 dilutions of
test serum or suitably diluted positive or negative
control serum in maintenance medium (minimum
essential medium with 0-2% fetal calf serum) and 150
t added to duplicate microtitre wells containing V3
cell monolayers. After overnight incubation at 37°C the
cells were challenged with virus and reincubated for a
further 48 hours. A positive result was one in which
cytoprotection was seen in one whole well fewer than
the negative control and was confirmed in duplicate
assays. The cut off was 3 standard deviations from the
mean in 50 control patients. This would detect antibody
titres per millilitre of 1/10 diluted serum with the
capability of neutralising interferon concentrations of
at least 30x 10 IU/1.

ji? Microglobulin was measured retrospectivelv by
radioimmunoassay (Pharmacia Diagnostics, Uppsala,
Sweden) in serum samples taken at monthly intervals.

HISTOPATHOLOGICAL METHODS

Liver biopsy samples taken within six months before
and exactly 12 months after treatment were assessed by
experienced histopathologists. Mtild chronic active
hepatitis was diagnosed in preference to chronic
persistent hepatitis in the presence of piecemeal
necrosis. Active cirrhosis indicated samples with
nodule formation and a definite inflammatory infiltrate.

STATISTICAL METHODS

The sample size required was calculated from the
results of pilot studies, in which a response rate of 40%
and a natural serocoversion rate of 5% were observed.
Thirty two patients were required in each group to give
80% power to the trial at the 0 05 level of significance.
The significance of difference in the proportions of

patients losing hepatitis B e antigen and hepatitis B

'[ABLE II -Characteristics of patients

Treatcd group Controls

No 3-7 34
Mean age (vears range) 36 18-86 34 (21-61
No homosexual 21 20
No heterosexual 16 14
Duration of hepatitis (months,

(range) 32 6-67 18 6-60)
No with history of acute hepatitis 13 5
Median aspartatc

aminotransfcrasc IU/1) (rangc) 79 e23-460) 57 25-420)
MIedian hepatitis B virus DNA

(ng/l)(range) 2688 108->2880 2880 (6- >2880'
No anti-HI'V positisC 6 9
No with chronic active hepatitis 26 27
No with chronic persistcnt

hepatitis 11 7
No Northern Europcati 27 28
No MNediterrancan 10 6

TABLE III -HIepautits B virus state at cend oj115 months'follozw ifp

'I'reated group Controls
11n 37 n= 30*

No positive for hlcpatitis B C anitigen
anld hcpatitis B3 virus D)NA 25 29

No ncgativec for hpcpatitis
B c antigcn anid hcpatitis B
virus 1)NA 12 1

No negativec for hcpatitis B surtfacc
anltigcen 4 I

* Four controls failed to complete follow up.

'[ABLE V-I tife table estimates of response. Figures are percentages
(SE in parentheses)

Follow up months

0 1 4 5 6 8 9 15

Treated group
(n-34) 0 3 14 20 23 24 32 35 (6)

Contrrols (n-34) ( 0 3 3 3 3 3 3 (0 5)

virus DNA in each group was measured by 2 test
with Yates's correction and 95% confidence intervals
calculated. Life table estimates of response rates were
calculated with the Kaplan-Meier method and the
differences between treated and control patients
assessed by the log rank test. The strength ofassociation
between pretreatment variables and response and the
independence of predictive variables were assessed by
X) test with Yates's correction or Fisher's exact test
for dichotomous variables and Student's t test for
continuous variables. Values of aspartate aminotrans-
ferase activity were transformed logarithmically before
analysis. Changes in 1i2 microglobulin concentration
were assessed by the Wilcoxon rank sum test for
comparing two populations.

Results
The only difference in characteristics of patients

between the treated group and untreated controls was
the shorter estimated mean duration of disease in the
controls (table II). Only five of the controls, however,
gave a definite history of acute hepatitis at onset, so that
the estimation of duration of disease were unreliable.
Four of the 34 controls failed to complete follow up and
are therefore excluded from the end point analysis but
are included in the life table estimates.
Of the 37 patients who received interferon alfa, 12

became persistentlv negative for hepatitis B e antigen
and hepatitis B virus DNA by 15 months of follow up.
By contrast seroconversion occurred in only one of 30
controls followed up over the same period, giving an
excess response of 29% in the treated group (y2=6 9;
p<001; 95t)/o confidence interval 13% to 45%; table
III). The estimated response rate by life table analysis
at 15 months of follow up was 35%-that is, 32%
greater than in controls (y2=9-4; p<0 005; 95%
confidence interval 16% to 48%; table IV). Loss of
hepatitis B surface antigen occurred in four of the 12
responders to interferon alfa and in the single control
who seroconverted.

All responders were anti-HIVI negative, giving a
response rate of 12/31 in this group as compared with
1/20 among controls (excess response 34%; y2=5.9;
p<002; 950ttA confidence interval 14% to 54%).
Similarly, all responders had chronic active hepatitis
on pretreatment liver biopsy, so that the response rate
in patients positive for this variable was 12/26 v 0/24
controls (/2= 12 2; p<0005; 95% confidence interval
27% to 65%). The response rate of 12/21 in treated
patients whose pretreatment serum aspartate amino-
transferase activity was >70 IU/i was 46%/o higher than
in similar controls (x =3 8; p=0 05; 95%/o confidence
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interval 16% to 76%). Two anti-HIV positive controls
were negative for hepatitis B virus DNA but not
hepatitis B e antigen at the end of follow up, but
became positive for both markers subsequently. One
treated patient was negative for hepatitis B virus DNA
but not hepatitis B e antigen when last seen two months
after treatment. Only six of the 12 responders acquired
antibody to e antigen and one of the four patients losing
hepatitis B surface antigen acquired antibody to this
antigen.
The mean aspartate aminotransferase activities and

hepatitis B virus DNA concentrations in 10 patients
whose response showed a temporal relation to treatment
were compared with those in non-responders and
controls (fig 1). The fall in hepatitis B virus DNA
concentrations in responders was ofa greater magnitude
and more sustained than that in non-responders, who
quickly regained pretreatment values after stopping
treatment. Though most treated patients showed a rise
in aspartate aminotransferase activity beginning after
four to six weeks of treatment, the peak activity at eight
weeks was higher in responders (274 IU/l) than in non-
responders (119 IU/1).
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FIG 1 -Course of mean hepatitis B vinrs DNA concentrations anzd
mean aspartate aminotransferase activities in relation to treatment.
Bars are SE

In all treatment responders the aspartate amino-
transferase activity became and remained normal
concurrent with the loss of hepatitis B e antigen up to
three months after the hepatitis B virus DNA concen-
tration became zero. Loss of hepatitis B surface antigen
occurred one to three months later.

Predicitive value of pretreatment variables-Age,
sexual orientation, duration of disease, history of acute
hepatitis, ethnic origin (northern European versus
Mediterranean), and hepatitis B virus DNA state were
not significantly associated with response. Chronic
active hepatitis in pretreatment liver biopsy samples
(y'=5.6; p<002), a high serum aspartate amino-
transferase activity (t=2 6; p<002), and the absence
ofanti-HIV (y2= 5 -3; p<0 05) were significantly related
to an increased likelihood of response on univariate
analysis (table V). Anti-HIV state was the only inde-
pendent predictive factor. The combination of unde-
tectable anti-HIV, aspartate aminotransferase activity

>70 IU/1, and chronic active hepatitis found on liver
biopsy predicted response with 1000/) ( 12/12) sensitivity
and 80% (20/25) specificity in these patients. All
patients who lost hepatitis B surface antigen had had
documented hepatitis B virus infection for less than
two years.

TABLE V- Pretreatment variables associated with response

Responders Non-responders

No 12 25
No with chronic active hepatitis 12 14
No with chronic persistent

hepatitis 0 11
No anti-HIV positiVe 0 6
Mean logl() aspartate

aminotransferase (SD) 2-03 (0-24) 1 80 (0-32)

Anti-interferon antibodies were detected in two
responders and one non-responder before but not
during treatment, though all denied previous treatment
with the drug. Two non-responders had transiently
detectable antibodies after one and two months of
treatment respectively. One patient who responded to
treatment with the loss of hepatitis B surface antigen
and hepatitis B e antigen had antibodies detectable
throughout treatment from the first month. In all cases
the titres were just at the limit of detection.

1F2 Microglobulin-The 11 responding patients tested
had a lower mean [)2 microglobulin concentration
initially (2 10 (SD 1 17) mg/I) than the 19 non-
responding patients tested (2 48 (0 85) mg/I). The
mean rise in value after one month of treatment was
greater in the responders (1 77 v 1-27 mg/l) but in
neither case was this significant.

Adverse effects-Thirty four of the 37 treated patients
injected the drug satisfactorily. Over the first week
patients experienced flu-like symptoms, graded severe
in four. The side effects reported during the subsequent
11 weeks of treatment and scored as severe were fatigue
(five patients), gastrointestinal disturbance (five),
anorexia (two), depression (one), myalgia (one), and
hair loss (one). Fever was also reported but was never
troublesome. These severe side effects occurred in 11
patients. Twelve treated patients had a weight loss of
more than 5% of their pretreatment weight. Only
two patients stated that further interferon would be
unacceptable.

Dose reductions and withdrawals-Fourteen patients
had the dose of interferon alfa reduced from the 365
MU/in) in the protocol to between 162 5 and 350 MU/
m2. In 10 this was because of neutropenia, in three
because of thrombocytopenia, and in one because
of depression. Six of these patients were treatment
responders. Four of the 34 controls were lost to follow
up after less than six months of observation, at which
time all were positive for hepatitis B e antigen and
hepatitis B virus DNA. They were excluded from
analysis of the main outcome measures in order to
avoid underestimation of the rate of natural serocon-
version. The data on all 37 treated patients were
included in the analysis, though five failed to complete
follow up. Three anti-HIV positive patients withdrew
because of Kaposi's sarcoma (after seven weeks of
treatment), salmonella bacteraemia (after 12 weeks),
and liver failure associated with a second HIV related
pathogen (eight months after treatment) respectively.
Two other patients withdrew two months (moved
abroad) and four months after treatment (reason
unknown).

Effect of treatment on HIV- One of the four treated
anti-HIV positive patients who were tested was positive
for HIV p24 antigen before treatment. He became
negative for this marker during treatment but was
found to be positive again one month after the last dose
(fig 2). He died of an HIV related cause eight months
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after treatment. The other three patients had anti-p24
antibody detected in the serum the titres of which were
unaffected by treatment.

Liver biopsies-Table II gives the histological
findings before treatment in all patients. Thirteen
treated and 17 untreated patients agreed to a second
biopsy at the end of follow up (table VI). One
responder showed decreased hepatic inflammation and
one showed no change. In nine non-responders the
findings of the second biopsy were unchanged and
deterioration was found in two. Three untreated
controls showed deterioration at the second biopsy
(two developing cirrhosis), 11 showed no change, and
three had improved.

Discussion
This large, randomised controlled trial confirms the

results of smaller studies2" that interferon alfa is a
safe and effective treatment of chronic hepatitis B virus
infection, inducing persistent loss of hepatitis B e
antigen and hepatitis B virus DNA in 320/% of all
patients and 39% of anti-HIV negative patients. Of
additional interest in our series was the loss ofHIV p24
antigen in one patient during treatment, suggesting
that interferon alfa has a direct action against HIV in
vivo.
None of the anti-HIV positive patients responded. It

might be argued that the mild hepatitis usually seen in
anti-HIV positive carriers of hepatitis B virus'-19
makes their treatment less imperative. One anti-HIV
positive control, however, developed cirrhosis during
the trial period. There is also evidence that carriage of
hepatitis B virus adversely affects the course of HIV
infection.2 2' Alternative treatment strategies are
therefore required for these patients, such as more
prolonged courses of interferon or combinations also
including drugs such as zidovudine.22

Response could be predicted retrospectively by a
combination of the pretreatment variables chronic
active hepatitis, negative anti-HIV state, and serum
aspartate aminotransferase activity >70 IU/1, indica-
ting that such patients are already making an incomplete
attempt at immune clearance of infected hepato-
cytes.22 We have not confirmed the predictive
relevance of hepatitis B virus DNA concentration or
sexual preference that has been found in other

350-

300X

c 250-

c 200-

, 150-

> 100-

50

0 -C.
0 2 4 6 8

Time (months)
LInterferon

FIR 2-Course of HII' p24 antigen concentrationls i.n relation to
treatment in one patient

TABLE VI-Evolution of histological picture in patients agreeing to two liver biopsies

Studv group Beforc treatment No of patients End of follow up No of patients

Responders Chronic active hepatitis 2 [Chronic active hepatitis I
C( hronic persistent hepatitis I

JChronic active hepatitis 6 Chronic activc hepatitis 6
Non-responders Chronic persistent hepatitis 5 Chronic active hepatitis 2

(hronic persistent hepatitis 3
[Chronic active hepatitis 9

Chronic active hepatitis 14 Chronic persistent hepatitis 3
Controls [ Active cirrhosis 2

~Chronicpersistent hepatitis 3 [Chronic active hepatitis ICC(hronic persistent hepatitis 2

trials"' 29; these associations, however, may be
idiosyncratic to this group of patients.
A further factor which might have but did not

influence response was the development of neutralising
anti-interferon antibodies. These have been shown to
reduce the effects of recombinant alfa interferon,
especially when given for six months or more in the
treatment of hairy cell leukaemia and chronic myeloid
leukaemia. "' " They were detected in low titres in only
three patients during treatment in this trial. Even in
the presence of antibodies induced by recombinant alfa
interferon, leucocyte interferon has been shown to be
an effective therapeutic agent.3" These observations
may be explained by the fact that leucocyte and
lymphoblastoid interferons are mixtures of at least 16
different alfa interferons,32 with such antibodies having
specificity against only one or some of these.
The non-responders probably required a larger

boost to their immunity than our regimen provided.3 4
Withdrawal of steriods followed by interferon alfa
shows such promise. Nevertheless, though Perrillo et
al have recently reported that two anti-HIV positive
patients responded to withdrawal of prednisone
followed by interferon alfa,39 the overall proportion of
patients losing hepatitis B e antigen and hepatitis B
virus DNA was 44% and the loss occurred entirely in
patients with chronic active hepatitis, in whom we
observed a response rate of46% (12/26) with interferon
alfa alone.

Treatment was well tolerated in most cases. The
main reasons for a reduction in dose were neutropenia
or thrombocytopenia, which were rapidly corrected
once the dose was reduced. There is therefore every
reason to believe that interferon alfa may successfully
be used in most hospitals.

In other studies the histological picture of the liver
has been seen to improve significantly in responders.
That two untreated controls developed cirrhosis over
the course ofour study emphasises the need for an early
treatment induced response, particularly in patients
with chronic active hepatitis. Ways of improving the
response rate are now required to bring:the benefits of
treatment, including the possible avoidance of cirrhosis
and hepatocellular carcinoma, to a larger proportion of
patients.9 6
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Post-transfusion hepatitis still occurs in the United
Kingdom despite the introduction of sensitive assays
for hepatitis B surface antigen. Only a small proportion
of cases of hepatitis transmitted by transfusion is
recognised by doctors and reported to regional
transfusion centres. ' Furthermore, non-A, non-B
hepatitis is the predominant type transmitted by
transfusion and probably accounts for more than
90% of cases. We studied all cases of suspected
post-transfusion hepatitis reported to this centre in one
year and investigated the donors in these cases for
markers of hepatitis infection.

Subjects, methods, and results
During 1988 six cases of suspected post-transfusion

hepatitis were reported to this centre; five were cases of
hepatitis B and one ofnon-A, non-B hepatitis. Three of

Results ofserological testingfor markers ofhepatitis infection in donors who had donated blood given to six
patients who developed hepatitis B or non-A, non-B hepatitis

Results of serological testing of donors for:

Type No Hepatitis B Hepatitis B Hepatitis B History of
Case of of surface core surface hepatitis
No hepatitis donors antigen antibody antibody in donors

Hepatitis not transmitted by transfusion

I B 4 3 Negative, I ND 2 Negative, 2 ND ND No
2 B 1 Negative Negative ND No
3 B 2 2 Negative 2 Negative ND No

Hepatitis probably transmitted by transfusion

4 B 4 4 Negative 13 Negative ND No
I1I Positive Negative* Yes

5B 4 4 Negative J~~~~~~~~3Negative ND NoS B 4 4Negative 1 Positive Negative* Yes

6. Non-A, non-B 2 2 Negative 11 Negative ND No11 Positive Weakly positive No

ND=Not done.
*Result negative by hacmagglutination test but low levels of antibody detected by radioimmunoassay.

the cases of hepatitis B infection formed a cluster in one
hospital in the region, and investigations performed by
the Public Health Laboratory Service yielded a
common source of infection not related to blood
transfusion. These three cases were therefore not due
to transfusion. The infection in the other three cases
seemed to have been transmitted by transfusion.
The donors implicated in all six episodes were

contacted and samples obtained for testing for markers
of hepatitis B infection. Samples were obtained from
16 of the 17 donors either in response to postal contact
or after redonation; one donor (case 1) did not respond
to postal contact. The table gives the results. Hepatitis
B surface antibody was sought only in donors positive
for hepatitis B core antibody. In addition, alanine
aminotransferase activity was measured in the two
donors who might have transmitted non-A, non-B
hepatitis infection; it was within the normal range in
both.

In each of the three cases of disease probably related
to transfusion one donor was shown to be positive for
hepatitis B core antibody. Furthermore, in the two
cases of hepatitis B probably related to transfusion the
donors positive for hepatitis B core antibody gave
histories of acute hepatitis two to three years before
donation.

Comment
Transmission of hepatitis B by transfusion of blood

negative for hepatitis B surface antigen but positive for
hepatitis B core antibody has been reported.3 Donors
who are negative for hepatitis B surface antibody have
been shown to confer the greatest risk, but there is
circumstantial evidence of transmission of hepatitis B
by donors with both hepatitis B core antibody and low
levels of hepatitis B surface antibody.4 Screening for
hepatitis B core antibody and measurement of alanine
aminotransferase activity are used in many countries to
determine whether a subject may be a carrier ofnon-A,
non-B hepatitis.2 In the United Kingdom testing for
hepatitis B core antibody is currently recommended
only as follow up in cases of suspected post-transfusion
hepatitis.

Although the number of cases we have reported is
small, our findings are interesting as, firstly, in both
cases ofhepatitis B infection transmitted by transfusion
a donor was positive for hepatitis B core antibody and
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