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patients and 13 hospital controls was also tested by RIBA-2. The authors again assumed that
the cases of metastatic liver cancer were true negatives. The final algorithm for positivity was
repeated reactivity to the second-generation enzye immunoassay at an absorbance to cut-
off ratio of ? 3.0, with confirmation based on supplemental assays with seropositivity for
antibody against another viral protein or by inhibition. On the basis of these tests, the OR for
an association with HCC was 10.

2.4 Modifying effects of seropositivity for hepatitis B surface antigen

At least six case-control studies presented results according to HCV antibody status
(assessed by first-generation tests) separately for HBsAg-seropositive and HBsAg-sero-
negative individuals, aIIowing analyses of the separate effects of each virus and their

combined effects. A further five studies presented similar results based on second-
generation tests (Table 10). With both the first- and second-generation tests, the ORs for
HCC in subjects infected with HBV or HCV al one are increased. The OR associated with
HCV alone is in general higher in studies based on second-generation tests rcombined
results: OR, 26; 95% CI, 16-43J than in other studies rcombined results: OR, 14; 95% CI,
10-20J. The combined effect of the two viruses cannot be described accurately, given the
smaII numbers of subjects.

The results summarized in Table 10 should be considered with caution, since the
estimated ORs were not adjusted for confounding factors such as sex and age. Comparisons
between the columns of the table may be valid if it can be assumed that the uncontrolled
confounding effect of sex, age and other possible factors varies across the exposure
categories.

3. Studies of Cancer in Experimental AnimaIs

Primate

Aseven-year-old male chimpanzee (Pan troglodytes), seronegative for HBsAg, anti-HBs
and anti-HBc and seropositive for antibodies to hepatitis A virus, was inoculated wIth 40 ml
of serum from a human patient with chronic non-A, non-B hepatitis, who was seronegative
for markers of HBV and hepatitis A virus, and 10 months thereafter with 10 ml of the
chimpanzee's own acute-phase serum (taken at day 34 after inoculation). Over the next six
years, the chimpanzee received inoculations of several different plasma-derived products,
including concentra tes of coagulation factors II, VII, VIII, lX and XIII, and anti-thrombin
III. Serum levels of aspartate and alanine transferase, 'Y glutamyl transferase and HBV
markers were monitored and liver biopsies were performed. Serum transferase levels
increased after the first inoculation of the human serum and the animal's acute-phase serum.
Over the next six years, the levels fluctuated above normal, and seriaI liver biopsies showed
changes ranging from histologically normal to moderate hepatitis (which included focal
hepatocellular necrosis and chronic portal inflammation). The chimpanzee remained sero-
negative for hepatitis B markers throughout the study. Seven years after the first inocu-
lation, liver masses were palpable, and necropsy revealed two large (16 x 8 cm and 5 x 7 cm)
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Table 9. Summary of results of case-control studies of hepatocellular carcinoma and the presence of antibody to HCV
..as measured bysecond-generation assays \D0\

Reference and Subjects Seroprevalence of anti- ORa 95% CI Study period and commentsloction bodies to HCV

Cases Controls

No. % No. %

Africa

Dazza et al. (1993); NR 178 6 194 2 1. 0.4-3.1 Blood donor controls; adjusted for age; mean
Mozambique

age of cases, 40.8 years; controls, 31.3 years -
:iCoursaget et al. NR 49 4 134 1 (5.7) (0.5-69) General population controls ~

(1992); Senegal ('
s:Asia 0
ZThnaka et al. (1991); Men and women 91 51 410 3 52 24-114 Cases, 1985-89; control s, 198689; general 0aJapan

population con troIs; adjusted for age, sex, ocu-
S;pational class and education; initial screening by

first-generation with confiration by RIBA 'i
::Cordier et al. Men 152 2 241 1 2.0 0.3-17 1989-92; hospital controls C/

(1993); Viet Nam ~0
Europe

E
Stroffolini et al. Men and women 65 66 99 13 27 9.9-73 199; aU cases had cirrhosis and controls had s:

t'(1992); Italy non-hepatic chronic disease; adjusted for age, Vi
sex, hospital and HBV markers \D

HCV antiboy sero- 77 3.8-1421 Adjusted for age, sex and hospital; 0.5 added to
positive and HBsAg sem- each entry; confiration by RIBA
positive versus neither

Zavitsanos et al. Men and women 181 13 446 1 10 4.2-26.0 1976-84; same subjects as Tzonou et al. (1991);
(1992); Greece unadjusted
aCornield limits



Table 10. Separate effects of HBV and HCV on risk for hepatocellular carcinoma

Reference and loction HBsAg seronegative HBsAg seronegative HBsAg seropositive HBsAg seropositive
HCV Ab seronegative HCV Ab seropositive HCV Ab seronegative HCV Ab seropositive

Cases Controls Cases Controls OR Cases Controls OR Cases Controls OR

First-generation tests

Yu et al. (199); USA 24 110 5 5 4.8 12 13 4.4 10 0 00

Kaklamani et aL. (1991); 71 373 29 29 (5.3) 42 29 (7.6) 43 1 (226)
Greece
Yu et aL. (1991)a; China 12 104 5 2 16 101 21 22 9 0 00

Chuang et al. (1992)a; 16 267 13 8 27 87 104 14 12 5 40
China
Simonetti et al. (1992); 46 197 133 11 (52) 15 4 (l6) 18 0 (00) ::Italy ti
Di Bisceglie et aL. (1991a); 80 56 12 2 (7.2) 6 0 (00 ) 1 0 (00) ~
USA ~
Xu et al. (199); China 11 46 1 0 00 35 4 (37) 3 0 00 ~

C/
n

Second-generation tests
::

Stroffolini et al. (1992); 11 80 38 13 (21) 11 6 (13) 5 0 (00) ~
Italy C

C/
Cordier et al. (1993); 8 194 3 2 38 138 44 (76) 0 0
Viet Nam
Thnaka et al. (1991); 27 390 45 12 (54) 18 8 (33) 1 0 (00 )
Japan
Coursaget et al. (1992); 23 82 4 0 (00 ) 20 50 (1.4 ) 2 2 (3.6)
Senegal
Dazza et aL. (1993); 52 163 8 4 1.4 115 27 (13) 3 0 (00)
Mozambique

airtially overlapping

1-\0..
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hepatic neoplasms interspersed with areas of haemorrhage, necrosis and fibrosis; a smaller
tumour (4 x 4 cm) was also seen. Frozen sections of liver stained with a monoclonal antibody
against non-A, non-B-infected hepatocyes revealed positive immunostaining, but no
specific staining for HBV surface or core antigens was observed. Histological examination of
liver tumours revealed trabecular, well-differentiated HCC. The adjacent liver tissue
contained hyperplastic nodules and severely dysplastic hepatocyes, as weIl as chronic
hepatitis, characterized by portal inflammation and bile duct proliferation (Linke et al., 1987;
Muchmore et al., 1988). (HCV markers were not evaluated.)

4. Other Relevant Data

4.1 Pathology

The putative association between HCV and HCC is based primarily on large epidemio-
logical and serological reviews and not on histological studies of the evolution of carcinoma.
The course of HCV includes acute viral hepatitis (usuaIly subclinical) with transition ta
chronic hepatitis and cirrhosis and to HCC.

4.1. i Acute infection

Many of the histological features of acute viral hepatitis are common to aIl four hepatitis
viruses (HBY; HCV and hepatitis A and D viruses), and hepatic reactions are similar, so that
histological features do not distinguish a specific agent. Sorne patients with acute hepatitis
due to HCY; however, have a milder inflammatory reaction than those with disease due to
HBV or hepatitis A virus, and this reaction may resemble infectious mononucleosis. The
similarity to mononucleosis is due to sinusoidal inflammatory proliferation and portal
lymphoid hyperplasia, without hepatoceIIular cyopathic change. ln follow-up biopsy
samples from patients with post-transfusion hepatitis, the hepatoceIlular changes may be
very mild, and a diagnosis of acute viral hepatitis is based on clinical and histological
correlation. The histological changes of acute viral hepatitis due to HCV are often mild and
include the same infiammatory and hepatoceIlular degenerative changes seen in acute viral
hepatitis due to HB~ Most observations of histopathological changes in acute viral hepatitis
were restricted to clinicaIly apparent, icteric cases, which constitute a minority of infections
in a population. The majority of cases are therefore not confirmed histologicaIly (Alter,
1990).

4.1.2 Chronic infection

The transition of acute viral hepatitis due to HCV to a progressive form of chronic
hepatitis is usually graduai and not easily recognized by clinIcal or histological criteria. The
sa me histopathological terminology for chronic hepatitis used for HBV has been widely
applied to chronic hepatitis due to HC~ ln addition, chronic hepatitis due to HCV often has
sorne features not common to HBY; which include: portal Iymphoid hyperplasia with
germinal follicles, hepatocellular fatty change, bile-duct damage and multinucleated giant
cells (Lefkowitch & Apfelbaum, 1989; Lefkowitch et aL., 1993). Ali of these features cannot
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