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Abstract

The 1981 Lancet paper by Beasley, et al., "Hepatocellular carcinoma and hepatitis B virus. A 

prospective study of 22707 men in Taiwan" is a seminal publication that clearly demonstrated that 

chronic infection with hepatitis B virus (HBV), as measured by seropositivity for the hepatitis B 

surface antigen (HBsAg), preceded the development of hepatocellular carcinoma (HCC). In doing 

so, this study paved the way for liver cancer prevention efforts through the implementation of 

hepatitis B vaccination programs. In this commentary, we will describe the discovery of HBV, 

which led to the study by Beasley, et al.; summarize the major findings of the Beasley paper and 

its implications; discuss the importance of well-designed cohort studies for prevention activities; 

and consider the ramifications of the Beasley study and the work that has followed since.
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More than 2 billion people worldwide are thought to be seropositive for past or current 

hepatitis B virus (HBV) infection, and over 250 million people have chronic infection [27, 

28]. Of those who become chronically infected, 10–25% will develop hepatocellular 

carcinoma (HCC) [29]. Given this prevalence and associated disease, prevention of HBV 

infection is a public health imperative. The identification of a link between HBV and HCC 

allowed the development of public health strategies that targeted HBV and prevented cancer, 

as well as end stage liver disease. The seminal 1981 Lancet paper by Beasley, et al., 
"Hepatocellular carcinoma and hepatitis B virus. A prospective study of 22707 men in 

Taiwan" [3], provided key evidence that propelled the implementation of liver cancer 

prevention efforts.
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In this commentary, we will describe the discovery of HBV, which led to the study by 

Beasley, et al.; summarize the major findings of the Beasley paper and its implications; 

discuss the importance of well-designed cohort studies for prevention activities; and 

consider the ramifications of the Beasley study and the work that has followed since, 

including implementation of vaccination programs, natural history studies, and the need for 

studies of the impact of treatment in the future (Figure 1). Throughout, we will illustrate 

how scientific teams subsequently addressed the implications of the Beasley paper over the 

course of years by systematically planning and implementing follow-up studies that could 

evaluate and build on those implications. This effort is particularly well illustrated by work 

in Taiwan, where a national vaccination program was implemented, allowing Taiwanese 

investigators to be the first to show that vaccination reduces cancer risk [1, 30]. Taiwanese 

investigators also established a cohort of individuals chronically infected with HBV to 

enable evaluation of the natural history of disease, impact of treatment, and strategies for 

screening and treatment [14].

Before 1970, several studies observed that patients with “serum hepatitis” had detectable 

levels of “Australia antigen” or “serum hepatitis” [5–7], now known as HBV surface antigen 

(HBsAg) (Figure 1). Baruch Blumberg and Harvey Alter discovered HBsAg in 1963 [5], and 

Chung et al. independently identified this antigen [6]. Subsequent reports implicated HBsAg 

in the development of viral hepatitis [31, 32]. These findings inspired Irving Millman and 

Blumberg to devise and patent a concept to use HBsAg from human plasma to prepare a 

hepatitis B vaccine in 1969 [17]. This concept was groundbreaking in that it was the first 

time a vaccine was proposed that was not prepared from tissue culture [17]. Hilleman used 

the idea to develop a vaccine against HBV, which was licensed in 1976 [18], and Blumberg 

won the Nobel Prize in 1976 for both describing HBV and devising the novel concept of a 

plasma-based vaccine. In addition to Millman and Blumberg’s initial technological advance 

through the development of a vaccine based on plasma-derived HBsAg rather than human 

tissue, mass production of the vaccine involved another innovation: development of the first 

genetically engineered vaccine. Charnay, et al., used the recently cloned HBV genome to 

identify the gene that coded for HBsAg, fused the HBsAg coding sequence with the beta-

galactosidase gene in bacteriophage lambda, and infected Escherichia coli with this 

bacteriophage to biosynthesize the HBsAg protein [19].

In the 1970s, laboratory and animal experiments provided evidence that HBV infection was 

involved in hepatocellular carcinogenesis. In vitro studies suggested that cell-mediated 

immunity was involved both in the control of HBV infection and in the generation of 

chronic liver damage [20, 21]. Animal studies demonstrated the infectious nature of HBV, 

the development of liver disease and cancer after transmission of HBV, and the prevention of 

HBV infection after vaccination [22–25]. In addition, a number of case-control studies 

reported a higher prevalence of HBV antigens among patients with HCC [8–12]. One of the 

major limitations of the case-control design is its potential reverse causation. The exposure 

information is collected at disease onset; thus, whether the exposure is a cause of HCC or 

rather a consequence of HCC onset cannot be definitively demonstrated. For example, it 

could be postulated that the presence of a liver tumor might lead to a heightened immune 

response resulting in greater HBsAg seropositivity. Nevertheless, these previous studies laid 
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the ground work for the Beasley paper, which is considered the final word on the association 

between HBV and liver cancer.

Beasley, et al., made use of the life and health insurance system used by Chinese 

government employees in Taiwan to enroll 22,707 male participants and follow them for 

HCC (Figure 2). They focused on men because the incidence of HCC is higher in men than 

women, government employees were typically male, and male employees tended to be older 

and to stay in service longer. Deaths were identified through health and life insurance, and 

the cause of death was verified through medical record review. Of the 41 deaths due to HCC, 

19 had histological confirmation and the remainder had elevated serum alpha fetoprotein 

(AFP) levels, imaging indicative of HCC, or both. HBV markers were measured through 

commercial radioimmunoassay kits.

Of the 22,707 men in the cohort, 3,454 (15.2%) were HBsAg-positive, and 19,253 (84.8%) 

were HBsAg-negative at study entry. After an average of 3.3 years of follow-up per man, 

there were 307 deaths, 105 (34%) of which were among HBsAg-positive men. Of these 105 

deaths, more than 50% were due to HCC (n=40, 38.1%) or cirrhosis (n=17, 16.2%). The 

incidence for HCC was 1158 per 100,000 person-years, compared to only 5 per 100,000 

person-years in HBsAg-negative participants, resulting in a relative risk of 223 (95% CI: 28–

1479). The magnitude of this association is quite striking for a study of cancer 

epidemiology, highlighting the powerful role that chronic HBV infection plays in HCC 

development.

This study was particularly well-considered in its design. It took advantage of an existing 

life and health insurance system with routine exams, as well as an existing prospective study, 

allowing the investigators to recruit and follow participants for HCC outcomes in a timely 

and efficient manner. While the study needed a large number of participants to identify a 

sufficient number of outcomes, the anti-hepatitis B core antigen (anti-HBc) test was too 

expensive to test on everyone, so the investigators tested a sample of HBsAg-seronegative 

men for anti-HBc and used the results from the sample to estimate the prevalence of anti-

HBc-seropositivity in the entire cohort. As with all epidemiology studies, the investigation 

by Beasley et al. was not without limitations. This study did not have the benefit of the 

modeling approaches that are commonly used today to control for confounders, such as age 

and aflatoxins (liver-damaging metabolites produced by certain molds that contaminate 

foods like corn and peanuts). The modest number of outcomes at the time of publication 

(e.g., 41 deaths from liver cancer) also limited the ability to fully account for possible 

confounding factors.

Despite these limitations, this study demonstrated that HCC incidence increased 

dramatically with age. Given that most HBV infection in Asia occurs at birth and that age 

thus acts as a surrogate for the duration of infection, these findings imply that the risk of 

HCC depends on the duration of HBV infection. Taken together, the Beasley study provided 

strong evidence for temporality of the association between HBV infection and development 

of HCC, confirmed the increased risk of HCC indicated by the case-control studies, and 

established the incidence rate for HCC in chronic HBV carriers. The findings from this 

study had a major impact on our understanding of the etiology of liver cancer, as well as on 
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cancer prevention efforts. This paper was the first well-designed cohort study to 

prospectively demonstrate that chronic infection with HBV (i.e., seropositivity for HBsAg) 

preceded liver cancer and to estimate the potential impact of that exposure.

Cohort studies are critical not only because they demonstrate temporality (i.e., that the 

exposure precedes the outcome), but also because they allow us to calculate public health 

measures that public health authorities can use to evaluate the magnitude of the problem and 

how best to attack it. For example, incidence rates and absolute risks among exposed and 

unexposed individuals can be calculated in cohort studies. By determining how quickly the 

outcomes occur and the proportion of people affected by them, public health workers can 

consider how best to apply interventions. Cohort studies are also singular in the amount of 

time and energy required to run them. They require years of follow-up, necessitating 

extensive staff and logistical frameworks to follow individuals for years and to collect data 

and specimens. This kind of effort requires a great deal of foresight and planning. The fruits 

of these efforts can be quite substantial, however, as was the case in the cohort study by 

Beasley, et al.

The idea of carcinogenesis as a multistage process was relatively new at the time of the 

Beasley paper [33]. Some felt that HBV could not cause liver cancer since HCC also 

developed in HBsAg-negative individuals. In addition, awareness of aflatoxins as 

hepatocarcinogens was increasing, and many thought aflatoxins were the primary etiologic 

agent [27]. Aflatoxins had been discovered and hypothesized to cause liver cancer in the 

1960s [34], around the same time as the discovery of HBV. A series of epidemiologic studies 

identified an association between aflatoxin and liver cancer in numerous African and Asian 

countries, and the role of aflatoxin and HBV in liver carcinogenesis was strongly debated 

[34]. While the Beasley paper but did not rule out the etiologic role of aflatoxin in the HCC, 

it solidified the acceptance of HBV as an independent causal factor in liver carcinogenesis, 

providing the impetus needed to initiate national HBV vaccination programs.

Taiwan was a leader in this area and instituted a national vaccination program in 1984. 

Given that primary infection with HBV is an early event and occurs frequently from 

perinatal mother-to-infant infection, for the first 2 years the vaccination program covered 

only neonates born to mothers who were HBsAg carriers, and then in July 1986 the program 

was extended to all neonates [1]. Taiwanese investigators capitalized on the Taiwanese 

National Cancer Registry to quickly evaluate the impact of this program. In 1997, they 

demonstrated for the first time that the incidence of HCC declined in children aged 6 to 14 

years after initiation of the universal HBV vaccination program [1]. In 2009, they 

demonstrated that this protection extended to adolescence [35], and later they showed that 

young adults were also protected [36]. When the vaccine failed, it failed most often because 

of poor compliance or because of transmission from highly infectious mothers [35, 36], 

which is why vaccination is recommended within 24 hours of birth today [2].

Thus, work by Beasley, et al., laid the groundwork for effective implementation of the HBV 

vaccine in public health. Following the Beasley study, HBV vaccination programs were 

implemented in numerous countries in addition to Taiwan, such as the Republic of The 

Gambia, Tunisia, and South Africa, with substantial seroprotection and reduction of chronic 

Koshiol et al. Page 4

Cancer Epidemiol. Author manuscript; available in PMC 2019 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



HBV infection [37, 38]. This protection clearly led to a reduction in HCC, as demonstrated 

by the Taiwanese vaccination program [36, 39]. In the United States (US), the HBV vaccine 

was first licensed in 1981, but vaccination efforts initially focused on individuals at high risk 

for HBV infection (e.g., health care workers, men who have sex with men, injection drug 

users, hemodialysis patients, individuals with multiple sex partners, infants born to HBV-

infected women) [38]. Rates of HBV infection were not significantly reduced until the US 

adopted universal infant HBV immunization in 1991 and began routine immunization of 

infants in 1992 [38]. Laws requiring immunization prior to school entry had a major impact 

[40], and most states today have mandatory school vaccination [41]. On a global scale, the 

World Health Organization (WHO) recommended in 1992 that endemic countries 

incorporate the HBV vaccine in their national immunization programs by 1995 and that all 

other countries add it by 1997, resulting in greater than 78% of WHO member states 

adopting universal childhood HBV vaccination by 2004 [38]. These efforts were driven by 

the knowledge that HBV infection has a major impact on morbidity and mortality, which 

was first demonstrated through the Beasley paper. In addition, these efforts proved the HBV 

vaccine’s place in history as the first vaccine to prevent cancer.

The findings of the Beasley study also led to a number of studies of the natural history of 

HBV and its interaction with other risk factors. In Taiwan, for example, a team of 

investigators designed and implemented of the Risk Evaluation of Viral Load Elevation and 

Associated Liver Disease/Cancer-Hepatitis B Virus (REVEAL-HBV) study [13]. This 

landmark study followed chronically HBV-infected patients who were at least 30 years old, 

the age at which HCC incidence increases dramatically [3, 37], for virologic and liver 

disease outcomes. In this study, hepatitis B e antigen (HBeAg) was strongly associated with 

increased risk of HCC [13]. Furthermore, the incidence of HCC and cirrhosis increased with 

increasing HBV DNA levels, while declining HBV DNA levels were associated with 

seroclearance of virologic markers [14]. HBV genotype C was also associated with 

increased HCC risk [15].

In addition to these natural history studies, the strong association between HBsAg and HCC, 

together with the associations observed between aflatoxin and liver cancer and improved 

biomarkers for aflatoxin [42], eventually led to the joint evaluation of HBV and aflatoxin as 

risk factors for HCC. As described in a recent review [16], prospective cohort and molecular 

pathology studies demonstrated an interaction between HBV and aflatoxin, with odds ratios 

ranging from 7.3 (95% CI: 2.2–24) to 22.8 (3.6–143.4) for HBsAg alone, 1.7 (95% CI: 0.3–

10.8) to 5.5 (95% CI: 1.3–23.4) for aflatoxin alone, and 59.4 (95% CI: 16.6–212) to 129 

(95% CI: 25–659) for HBsAg and aflatoxin together. These findings highlight the 

importance of the HBV vaccine since the effects of aflatoxin are most pronounced among 

chronic HBV carriers. In addition, although health officials set limits on aflatoxin levels in 

food products soon after the toxic effects of aflatoxin were discovered, those limits are often 

exceeded in developing countries even today [34], reiterating the need for timely HBV 

vaccination (i.e., within 24 hours of birth [2]).

The acceptance of HBV as an etiologic agent in hepatocellular carcinogenesis also led to 

increased research into the mechanisms by which HBV caused HCC and liver disease. This 

research in turn led to the identification of drugs that could be used to treat HBV infection. 
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Initially, interferon (IFN)α-2b and then pegylated-IFNα-2a were approved for the treatment 

of chronic HBV infection [43, 44]. Today, entecavir (approved in 2005) and tenofovir 

(approved in 2008) are considered first-line treatments since HBV resistance is rare with 

these drugs [37]. As treatments have come on line and are increasingly used, the need arises 

to evaluate and understand the effect and impact of such interventions.

These drugs are not fully effective against HBV, however, and there is a need to identify the 

segment of the population that is at highest risk for developing HCC. For example, in 

Taiwan, the REVEAL-HBV investigators created an HCC nomogram using HBeAg, HBV 

genotype C, gender, age, family history of HCC, alcohol consumption, and serum alanine 

aminotransferase (ALT) [26]. This approach was then refined through a development effort 

in REVEAL-HBV that was then validated through a consortium of international cohorts, 

resulting in the 17-point Risk Estimation for Hepatocellular Carcinoma in Chronic Hepatitis 

B (REACH-B) risk score [4]. This risk score is currently used for risk prediction in Asian 

clinical guidelines [45], whereas US guidelines tend to focus on non-biological measures of 

high risk, such as those born outside the US [46].

HBV screening, vaccination, and treatment is also important for the prevention of end-stage 

liver disease. As shown by Beasley, et al., a substantial proportion of patients with chronic 

HBV infection die from liver cirrhosis [3]. HBV treatment has been shown to reduce fibrosis 

and cirrhosis incidence and can also lead to regression of cirrhosis [44]. Thus, screening to 

identify chronic HBV carriers for treatment and vaccination to prevent HBV infection in the 

first place are important not only for the prevention of HCC, but also for the prevention of 

other forms of liver disease.

As described by Beasley, et al., their study “establishes beyond any doubt that the HBsAg 

carrier state commonly precedes [HCC].” This observation provided critical data needed to 

motivate wide-scale use of the HBV vaccine, develop treatments, and identify risk-

stratification methods. Given that HBV accounts for 23% of the HCC in developed countries 

and 59% in developing countries [47], these efforts have had a major impact. It has been 

estimated that in the year 2000, HBV led to 620,000 deaths worldwide, 94% due to cirrhosis 

and HCC but that without HBV vaccination, 1.4 million would have died [48]. HBV 

vaccination is estimated to avert 8.3 deaths per 1,000 people vaccinated [49]. However, 

much work remains to be done. For example, HBV-related HCC and mortality is projected 

to increase in Australia, Vietnam, and Spain [29], and hepatitis D infection is increasingly 

understood as an important co-infection with HBV that can accelerate hepatocarcinogenesis 

[50]. Additional research, new innovations, and improved implementation are needed. The 

paper by Beasley, et al., will no doubt continue to be an important source of motivation for 

these efforts.
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Abbreviations

AFP alpha fetoprotein

ALT alanine aminotransferase

anti-HBc anti-hepatitis B core antigen

HBeAg hepatitis B e antigen

HBsAg hepatitis B surface antigen

HBV hepatitis B virus

HCC hepatocellular carcinoma

IFN interferon

REVEAL-HBV Risk Evaluation of Viral Load Elevation and Associated 

Liver Disease/Cancer-Hepatitis B Virus
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Highlights

• "Hepatocellular carcinoma and hepatitis B virus. A prospective study of 

22707 men in Taiwan" by Beasley, et al., is a seminal publication that clearly 

demonstrated that chronic infection with hepatitis B virus (HBV) preceded 

the development of hepatocellular carcinoma (HCC)

• The results of this study facilitated the implementation of liver cancer 

prevention programs, particularly through HBV vaccination

• The study design took advantage of existing systems to prospectively evaluate 

HBV and HCC through a well-designed cohort study

• This effort led to a larger team-science approach in Taiwan that enabled 

investigators to evaluate the impact of HBV vaccination and define the natural 

history of HBV infection.
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Figure 1. Contributions to understanding of liver cancer etiology and prevention
Abbreviations: HBsAg, hepatitis B surface antigen; HBV, hepatitis B
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Figure 2. Study design and main result of the seminal 1981 Lancet paper by Beasley, et al
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