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Abstract

BACKGROUND—Hepatocellular carcinoma (HCC) is a concern among individuals with human
immunodeficiency virus (HIV) infection and acquired immunodeficiency syndrome (AIDS).

METHODS—The authors analyzed population-based registry linkage data from the US HIV/
AIDS Cancer Match Study (1980-2009) to examine the risk and trends of HCC among individuals
with AIDS. Standardized incidence ratios (SIRs) were used to measure HCC risk relative to the
general population, and Poisson regression was used to calculate incidence rate ratios (RR)
comparing incidence among individuals with AIDS. People with AIDS were categorized
according to their HIV risk group into high and low hepatitis C virus (HCV) prevalence groups
based on their HIV transmission risk category.

RESULTS—Among 615,150 individuals with AIDS, HCC risk was elevated almost 4 times
compared with the risk in the general population (N = 366; SIR, 3.8; 95% confidence interval,
3.5-4.3). Although HCC incidence increased steadily across calendar periods (Pireng < .0001;
adjusted for sex and age), the excess risk in individuals with AIDS compared with the general
population remained somewhat constant (SIRs range, 3.5-3.9) between the monotherapy/dual
therapy era (1990-1995) and the recent highly active antiretroviral therapy era (2001-2009). In a
multivariate model adjusting for sex, race/ethnicity, and attained calendar period, HCC incidence
increased with advancing age (Pyreng < .0001) and was associated with HIV risk groups with a
known higher prevalence of HCV (adjusted RR, 2.2; 95% confidence interval, 1.8-2.8).

CONCLUSIONS—HCC incidence in individuals with AIDS has increased over time despite
improved HIV treatment regimens, likely reflecting prolonged survival with chronic liver disease.
The high incidence in older adults suggests that this cancer will increase in importance with aging
of the HIV-infected population.

Keywords

hepatocellular carcinoma; human immunodeficiency virus; acquired immunodeficiency syndrome;
epidemiology; hepatitis C virus

Corresponding author: Vikrant V. Sahasrabuddhe, MBBS, DrPH, Division of Cancer Epidemiology and Genetics, National Cancer
Institute, 6120 Executive Boulevard, EPS 5032, Rockville, MD 20852; Fax: (301) 402-0916; vikrant.sahasrabuddhe@nih.gov.
The first 2 authors contributed equally to this work.

This article is US Government work and, as such, is in the public domain in the United States of America.

CONFLICT OF INTEREST DISCLOSURES
The authors made no disclosures.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Sahasrabuddhe et al.

Page 2

INTRODUCTION

Hepatocellular carcinoma (HCC) is characterized by aggressive growth, frequent metastases,
and recurrences after treatment, and it is a major source of cancer-related morbidity and
mortality.1 HCC arises as a long-term sequela of chronic liver disease and cirrhosis,
frequently as a result of persistent inflammation associated with chronic hepatitis B virus
(HBV) and/or hepatitis C virus (HCV) infections. HCC is of special concern in individuals
who are living with human immunodeficiency virus (HIV) or acquired immunodeficiency
syndrome (AIDS) because of frequent HBV and HCV coinfection and accelerated
progression of viral hepatitis to chronic liver disease and cirrhosis.2 Excessive alcohol
consumption, obesity, diabetes, and nonalcoholic steatohepatitis (NASH) are other risk
factors for chronic liver disease and HCC that have a higher or increasing burden among
HIV-infected populations.’-®

The introduction of highly active antiretroviral therapy (HAART) in 1996 led to a dramatic
decline among HIV-infected individuals in the risk of Kaposi sarcoma and non-Hodgkin
lymphoma, two AIDS-defining cancers with viral etiologies. In the era of widespread
HAART use, non-AlDS—defining cancers (which include HCC) are now as common as
AIDS-defining cancers among individuals with AIDS in the United States.1® HAART would
be expected to improve immune control of HBV and HCV, thereby minimizing liver
damage and reducing the risk of HCC. Alternatively, HCC incidence may rise in HIV-
infected individuals over time, because prolonged survival as a result of improved
antiretroviral therapy (ART) increases the duration of chronic liver disease.11

We used data from the US HIV/AIDS Cancer Match (HACM) Study to examine the
epidemiology of HCC and other hepatobiliary cancers in individuals with AIDS. We
compared the risk of these cancers in individuals who had AIDS with the risk in the general
population, evaluated risk factors for HCC, and examined trends in HCC incidence over
time in individuals with AIDS.

MATERIALS AND METHODS

The HACM Study is a linkage study of population-based HIV/AIDS and cancer registries in
14 US areas (available at: www.hivmatch.cancer.gov; [accessed May 30, 2012]).1213 The
study was approved by the institutional review boards of participating registries. All 14
HACM HIV/AIDS registries provided data on individuals with AIDS (615,150 individuals
with AIDS diagnosed during 1980-2009; approximately 60% of the total US AIDS
population), with cancers ascertained in cancer registries from 1980 to 2009. We included
individuals with AIDS who contributed follow-up time at risk beginning at 4 months after
the date of AIDS onset or the start of cancer registry coverage (whichever came later) until
death, the end of cancer registry coverage, or 120 months after AIDS onset (whichever came
first). Twelve HACM registries also provided data on individuals with HIV infection in the
absence of AIDS (153,349 individuals reported between 1982 and 2009). In a secondary
analysis, using data from these registries, we evaluated cancer risk in individuals who were
AIDS-free at the time of HIV registration. All analyses were restricted to individuals in the
most common racial/ethnic groups (non-Hispanic white, non-Hispanic black, Hispanic) to
allow comparison with the general population. Although HCC is infrequent in younger age
groups, we included all age groups to also account for the rare cases arising at younger ages,
especially among HIV-infected hemophiliacs.

By using cancer registry data, we identified incident cases of hepatobiliary cancers, a
heterogeneous grouping of cancers of the liver and biliary tract. On the basis of a validated
classification that used refined cancer registry topography and morphology codes for
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hepatobiliary cancers,14 we grouped these cancers into 5 distinct categories: HCC (the
dominant histologic type of liver cancer), cholangiocarcinoma (cancer of the intrahepatic
and extrahepatic bile ducts), other liver and intrahepatic bile duct cancers (except
cholangiocarcinoma), other extrahepatic bile duct cancers (except cholangiocarcinoma), and
gallbladder cancer.

We calculated standardized incidence ratios (SIRs) with exact 95% confidence intervals
(Cls) to compare the risk of HCC and other hepatobiliary cancers in individuals with AIDS
versus the risk in the general population. SIRs were defined as the ratio of observed cancer
cases in individuals with AIDS to expected cancer cases, in which expected cases were
estimated by applying general population cancer rates to the AIDS population in strata
defined by sex, age, race/ethnicity, calendar year, and registry. We used Poisson regression
to estimate incidence rate ratios (RRs) comparing HCC incidence among subgroups of
individuals with AIDS. SIRs and RRs were estimated across categories of demographic
characteristics, attained calendar year as a proxy for ART regimens (1980-1989, pretherapy
era; 1990-1995, monotherapy/dual therapy era; 1996-2000, early HAART era; and 2001-
2009, recent HAART era), and CD4 count at AIDS onset (HIV targets CD4 positive T-cells,
so the CD4 count is a marker of remaining immune competence). The presented RRs are
adjusted for age and sex and also were derived from a multivariate model. P values for trend
(Ptrend) by age group and attained calendar period were estimated by treating categories as
ordinal variables in the model.

In addition, we calculated SIRs and used Poisson regression to compare HCC incidence in
HIV-infected individuals with and without AIDS based on data from the 12 registries that
provided this information. These analyses considered HIV-infected individuals (who were
initially reported without AIDS) and classified their subsequent follow-up according to
whether they remained AIDS-free or had developed AIDS. We also conducted a sensitivity
analysis to correct for potential migration of individuals out of the cancer registry areas by
applying a 7% correction factor to expected counts in the period of 5 to 10 years after AIDS
diagnosis.1®

The HACM Study does not collect information on HCV status. Therefore, to indirectly
assess the effect of HCV coinfection on HCC risk, individuals with AIDS were grouped into
HIV transmission risk categories with differing HCV prevalence.16:17 The “high” HCV
prevalence group (estimated HCV prevalence, >60%%6:17) included hemophiliacs and
injection drug users (IDUs) (including those who were also men who have sex with men
[MSM]), and the “low” HCV prevalence group (estimated HCV prevalence, <15%16:17)
included heterosexuals, non-IDU MSM, and those with other or unknown HIV risk factors.
Finally, trends in HCC incidence rates over time were estimated for the general US
population and the AIDS population, standardized by age, sex, and race to the 2000 HACM
AIDS population.

Table 1 lists the follow-up time contributed by individuals with AIDS and those with HIV
infection in the absence of AIDS. A majority of the population was male, and non-Hispanic
blacks were the most common racial/ethnic group among individuals with AIDS. Most of
the person-time was contributed by individuals ages 30 to 49 years. Among the individuals
with AIDS, 77.4% of the person-time came from the 1996 to 2000 (the early HAART era)
and 2001 to 2009 (the recent HAART era) calendar periods. In the analyses that were
restricted to individuals who were first reported without AIDS, an even larger proportion of
the follow-up was in those years, reflecting the dates when registries typically began HIV
registration.
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Among individuals with AIDS, we identified 366 individuals with HCC between 1980 and
2009. Of the 192 patients who had disease stage reported, 79 (41.1%) had locally invasive
HCC, and the remaining patients had cancers with regional involement (n = 51; 26.6%) or
distant metastases (h = 62; 32.3%). The risk of HCC was elevated 4-fold compared with the
general population (SIR, 3.8; 95% ClI, 3.5-4.3) (Table 2). The risk of other liver and
intrahepatic bile duct cancers (except cholangiocarcinoma) also was elevated (n = 27; SIR,
3.3; 95% Cl, 2.2-4.7). However, the risk was not elevated for cholangiocarcinoma, other
extrahepatic bile duct cancers (except cholangiocarcinoma), or gallbladder cancer (Table 2).
In a sensitivity analysis assessing the impact of outmigration from the registry area, SIR
estimates were similar (results not shown).

An assessment of risk factors for HCC among individuals with AIDS is provided in Table 3.
The results adjusted for sex and age were similar to those from a multivariate model that
included sex, attained age, race/ethnicity, HIV risk group by HCV prevalence, and attained
calendar period. In the multivariate model (Table 3), HCC incidence was twice as high in
males compared with females (RR, 2.5; 95% CI, 1.7-3.6). Incidence increased with age
(Ptreng < -0001): individuals aged =50 years had 8-fold to 10-fold higher incidence than
those ages 0 to 39 years. No significant difference in HCC risk was observed by race/
ethnicity. HCC risk was twice as high in the high HCV prevalence groups as in the low
HCV prevalence groups (RR, 2.2; 95% CI, 1.8-2.8). Nonetheless, HCC risk was elevated in
individuals with AIDS compared with the general population for all HIV transmission risk
groups, with the highest incidence rates observed among hemopbhiliacs (88.8 per 100,000
person-years). HCC incidence increased across calendar periods (Pyeng < .0001), with the
rate 2.7 times higher in the years 2001 to 2009 (the recent HAART era) compared with the
years 1990 to 1995 (monotherapy/dual therapy era) (Table 3).

For the years 1991 to 2009, this increase in HCC incidence over time paralleled the trend in
the US general population, as illustrated in Figure 1. Consequently, SIRs comparing HCC
risk in individuals with AIDS with the general population did not change between the
monotherapy/dual therapy era (1990-1995) and the recent HAART era (2001-2009),
ranging between 3.5 and 3.9 (Table 3).

HCC rates did not differ according to CD4 cell counts recorded at the time of AIDS onset
(Ptrend = -13). However, in an analysis limited to HIV-infected individuals who were
followed beginning with HIV registration, HCC incidence was higher among those with
AIDS than among those without AIDS (RR, 2.4; 95% ClI, 1.2-3.6) (Table 3).

DISCUSSION

The current population-based study demonstrates that HCC incidence has steadily increased
among individuals with AIDS in the United States over the past 3 decades. Individuals with
AIDS have a 4-fold higher HCC risk than the general population, and the magnitude of this
relative excess has remained relatively unchanged over time, including in the HAART era.
Although risk also was elevated for other liver and intrahepatic bile duct cancers (except
cholangiocarcinoma), HCC was by far the most common and the most important
hepatobiliary cancer from a clinical and public health perspective.

It is believed that the rising incidence of HCC in the US general population is related to
trends in HCV incidence and prevalence.11819 HCV incidence in the US general population
increased from the 1960s until the mid-1980s and then declined with the introduction of
widespread HCV screening of blood in 1992.20:21 The resultant pool of over 3 million
individuals with chronic HCV infection in the United States has experienced a decades-long
increase in the risk of HCV-associated chronic liver disease and cirrhosis. In our study, HCC
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risk was 2-fold higher in individuals with AIDS who likely were HCV-infected (ie,
hemophiliacs and IDUs: HCV prevalence, >60%-85%) than in those who likely were
uninfected (ie, non-IDU MSMs, heterosexuals, and others: HCV prevalence, <15%).16:17.22
HCC risk was especially high among the relatively small group of hemophiliacs with AIDS,
reflecting the near-universal acquisition of HCV through repeated transfusions of blood
products before widespread HCV screening.2! Most hemophiliacs likely acquired HCV
infection during childhood, which probably contributed to their high risk for HCC.

We could not evaluate the contribution of HBV, alcohol use, or other medical conditions to
HCC risk, because these conditions are not recorded by HIV registries, and their prevalence
does not vary substantially across HIV risk groups. HBV prevalence in the US general
population is lower than that for HCV,123 and HBV plays a smaller, although not
insignificant,24 role than HCV in the development of cirrhosis and HCC among individuals
with AIDS in the United States. With declining alcohol consumption during the past 3
decades, alcohol abuse also contributes less to the burden of HCC in the US general
population.2> However, alcohol abuse is more common in HIV-infected individuals.26:27
Finally, other chronic diseases, such as obesity, type Il diabetes mellitus, metabolic
syndrome, and NASH, are emerging as HCC risk factors in the US general population.1:28:29
With increased longevity, HIV-infected individuals will develop a growing burden of these
conditions.30-32 In addition, lipodystrophy syndrome, which is consequent to the receipt of
certain ART regimens, may be accompanied by insulin resistance, increasing the risk for
NASH and, consequently, for cirrhosis and HCC.33

HIV-associated immunosuppression may be important in modulating the hepatotropic virus-
driven progression of liver disease. Among HCV-infected individuals, coinfection with HIV
is associated with increased risk of chronic liver disease and HCC.34:35 Supporting a role for
immunosuppression, we observed higher HCC incidence in individuals who had progressed
to AIDS than in HIV-infected individuals without AIDS (Table 3). In contrast to recent
studies,>36:37 the CD4 count was not associated with HCC risk, but our analyses were
limited to a single CD4 count measurement at AIDS onset.

Nonetheless, if immunosuppression plays a role in the development of HCC, then a decline
in HCC incidence may have been expected with the introduction of HAART in 1996. In
fact, incidence rates increased during this period (Fig. 1). It is possible that the
hepatotoxicity of ART drugs counterbalanced the benefits conveyed by improved immune
function.38 Alternatively, improved survival in HIV-infected individuals may have led to
increased HCC risk by allowing individuals to live for an extended period with chronic liver
disease.®

In the future, HIV-infected individuals with chronic HCV/HBV coinfection may face an
increasing risk of HCC.10 Our trend analyses demonstrated increasing HCC rates over time.
Because this trend was age-adjusted, the increase in the crude incidence over time is even
greater. Although approximately half of the HCC cases in individuals with AIDS occurred
in middle-aged adults (ages 3049 years), the risk in older adults (aged =50 years) was
almost 10 times higher than in those ages 30 to 39 years. Increasing HCC rates in the future,
when applied to the aging HIV-infected population, would greatly increase the number of
HCC cases overall, as well the proportion of cases among older adults.

Our study’s strengths include its large size, the inclusion of all HIV risk groups, and
coverage of major geographic centers of the US AIDS epidemic over its entire duration. The
main limitations were the lack of individual-level data on HCC risk factors and our reliance
on an indirect measure of HCV risk by grouping individuals into categories with different
HCV prevalence.3? Our study also was limited in the number of hepatobiliary cancer cases
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other than HCC, which prevented us from examining the epidemiology of these rare cancers
in detail.

The rising burden of HCC in HIV-infected individuals highlights the importance of
additional research on this malignancy. One unanswered question is whether the early
initiation of appropriate antiviral therapies for HCV/HBYV along with HAART can reduce
HCC incidence. More work also needs to be undertaken to disentangle the effect of HAART
on chronic liver disease and HCC.11 Some ART drugs, such as lamivudine and tenofovir,
have anti-HBV activity that may contribute to the control of HBV-related liver disease.
Optimal clinical surveillance methods for HCC in HIV-infected populations need further
investigation, for example, characterizing the utility of risk scoring algorithms or
noninvasive imaging methods in HCV/HBV-coinfected patients.*%41 Cost-benefit and cost-
effectiveness analyses also will be needed to evaluate the role of surveillance in linking at-
risk individuals to early initiation of newer antiviral therapies and identifying appropriate
individuals with cirrhosis for liver transplantation.42:43

In the interim, clinical and public health prevention efforts should continue to focus on
reducing the risk of chronic liver disease among HIV-infected individuals, through
counseling on risk factor modification and HBV vaccination when applicable and by
offering both HAART and antiviral treatments for HCV/HBV.8:34 Limitations in health care
access for the treatment of viral hepatitis because of lack of health insurance, psychiatric
illness, or active drug or alcohol use, also need to be addressed to mitigate the downstream
risk of HCC in HIV-infected populations.?4:4°
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Figure 1.

Hepatocellular carcinoma (HCC) incidence is illustrated in individuals with acquired
immunodeficiency syndrome (AIDS) and in the general US population for the years 1991 to
2009. Results for the AIDS population are indicated by round points and a solid line (for
smoothed fit), and results for the general population are indicated by square points and a
dashed line. Incidence rates were standardized according to age, sex, and race to the 2000
human immunodeficiency virus (HIV)/AIDS Cancer Match (HACM) AIDS population.
Cases before 1990 were too few and were not included in the graph.
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Page 12

Incidence of Hepatobiliary Cancers in Individuals With Acquired Immunodeficiency Syndrome (AIDS),

1980-20092

Observed Incidence
Cases Rate per 100,000
Person-Years

Cancer Histology Typeb

Hepatocellular carcinoma 366 16.9
Cholangiocarcinoma (cancer of the intrahepatic and extrahepatic bile duct) 22 1.02
Other liver and intrahepatic bile duct cancers (except cholangiocarcinoma) 27 1.25
Other extrahepatic bile duct cancers (except cholangiocarcinoma) 0 0.00
Gallbladder cancer 11 0.51

SIR [95% ClI]

3.8[3.5-4.3]
1.4[0.9-2.1]
3.3[2.2-4.7]
0.0 [0-4.5]

1.4[0.7-2.5]

Abbreviations: ClI, confidence interval; SIR, standardized incidence ratio.

a‘I'his analysis included patients who were diagnosed 4 to 120 months after their AIDS diagnosis.

Hepatobiliary cancers were classified according to the International Classification of Diseases for Oncology (ICD-03; 3rd edition) topography
and morphology codes described elsewhere (for a detailed listing of the cancers included in these categories, please refer to the article by Altekruse
SF, Devesa SS, Dickie LA, McGlynn KA, Kleiner DE. Histological classification of liver and intrahepatic bile duct cancers in SEER registries. J

Registry Manag. 2011;38:201-205.14).
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