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Abstract

Background: Chronic hepatitis B (HBV) is the predominant cause of hepatocellular carcinoma
(HCC) worldwide. Although HBV coinfection is common in HIV, the determinants of HCC
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in HIV/HBYV coinfection are poorly characterized. We examined the predictors of HCC in a
multi-cohort study of HIV/HBV-coinfected individuals.

Methods & Results: We included HIV/HBV-coinfected persons within 22 cohorts of the North
American AIDS Cohort Collaboration on Research and Design (1995-2016). First occurrence of
HCC was verified by medical record review and/or cancer registry. We used multivariable Cox
regression to determine adjusted hazard (aHRs [95% confidence intervals]) of factors assessed

at cohort entry (age, sex, race, body mass index), ever during observation (heavy alcohol use,
hepatitis C), or time-updated (HIV RNA, CD4+ percentage, diabetes mellitus, HBV DNA).

Among 8,354 HIV/HBV-coinfected individuals (median age, 43 years; 93% male; 52.4% non-
white), 115 HCC cases were diagnosed over 65,392 person-years (incidence rate, 1.8 [95% ClI,
1.5-2.1] events/1,000 person-years). Risk factors for HCC included age 40-49 years (aHR, 1.97
[1.22-3.17]), age =50 years (aHR, 2.55 [1.49-4.35]), hepatitis C coinfection (aHR, 1.61 [1.07-
2.40]), and heavy alcohol use (aHR, 1.52 [1.04-2.23]), while time-updated HIVV RNA >500
copies/mL (aHR, 0.90 [0.56-1.43]) and time-updated CD4+ percentage <14% (aHR, 1.03 [0.56—
1.90]) were not. The risk of HCC was increased with time-updated HBV DNA >200 IU/mL (aHR,
2.22 [1.42-3.47]) and was higher with each 1.0 logqg IU/mL increase in time-updated HBY DNA
(aHR, 1.18 [1.05-1.34]). HBV suppression with HBV-active antiretroviral therapy (ART) for =1
year significantly reduced HCC risk (aHR, 0.42 [0.24-0.73]).

Conclusion: HIV/HBV-coinfected individuals on ART with detectable HBV viremia remain
at risk for HCC. To gain maximal benefit from ART for HCC prevention, sustained HBV
suppression is necessary.

Introduction

Liver cancer is the sixth most common cancer and third leading cause of cancer-

related mortality worldwide (1). Chronic hepatitis B virus (HBV) infection, both via
inflammation and virally mediated pro-oncogenic mechanisms, is the most common cause
of hepatocellular carcinoma (HCC) (2). Coinfection with chronic HBV is common among
people living with HIV, with an estimated HBV prevalence of 5-15% (3). As the population
of HIV-infected persons has aged during the antiretroviral therapy (ART) era, HCC has
emerged as a leading cause of non-AIDS-defining cancer and cancer-attributable death (4).

Despite the high prevalence of HBV coinfection, no population-based studies have examined
the incidence rates and determinants of HCC exclusively among HIVV/HBV-coinfected
individuals. Existing knowledge of risk factors for HBV-associated HCC originates from
native Asian or Caucasian cohorts without HIV infection (5, 6). Consequently, it remains
unclear if higher levels of HIVV RNA, prolonged HIV viremia, and greater HIV-related
immunosuppression contribute to development of HCC in HBV coinfection. It is also
unknown if the biological gradient of risk for HCC with increasing HBV DNA levels, which
has been observed among HBV-monoinfected persons, is present in HIV coinfection (5).

In this multi-cohort study using data from the North American AIDS Cohort Collaboration
on Research and Design (NA-ACCORD), we examined the incidence of HBV-associated
HCC and evaluated the determinants of this malignancy, including HIV-related factors (HIV
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viremia, immunosuppression), HBV viremia, and traditional HCC risk factors, to help guide
preventive measures and early identification of this cancer.

Study design and data source

We performed a longitudinal cohort study of HIV/HBV-coinfected persons enrolled in

22 US and Canadian cohorts of the NA-ACCORD from 1995-2016. The NA-ACCORD

is the largest consortium of interval and clinic-based HIV cohorts in the region (7).

At regular intervals, NA-ACCORD cohorts transfer demographic, diagnostic, medication,
socio-behavioral, laboratory, and vital status information to the Data Management Core
(University of Washington), which performs quality control for completeness and accuracy
and harmonizes data across cohorts that are sent to the Epidemiology/Biostatistics Core
(Johns Hopkins University) where analytic-ready summary files are created. NA-ACCORD
research has been approved by the Institutional Review Boards of each cohort. Informed
consent was waived given the de-identified nature of these data. This study protocol
conformed to the ethical guidelines of the 1975 Declaration of Helsinki and was approved
by the University of Pennsylvania and University of Washington Institutional Review
Boards.

Study patients

The study population included HIV-infected individuals who had: 1) age =18 years, 2)
active HBV coinfection (defined by at least one of the following: positive HBV surface
antigen, positive HBV e antigen [HBeAg], or detectable HBV DNA) between January 1,
1995 and December 31, 2016, and 3) HIV RNA and CD4+ cell measurement during this
period. To minimize the likelihood of including patients with acute HBV infection, we
excluded patients who had an alanine aminotransferase or aspartate aminotransferase >1,000
U/L within +30 days of their first HBV surface antigen, HBeAg, or HBV DNA and no
subsequent positive HBV laboratory test =6 months after the initial result.

To ensure prevalent HCC diagnoses were not misclassified as incident events, we defined
the start of follow-up as 180 days after the latest of the date of NA-ACCORD enrollment,
start of the HCC observation window for the patient’s cohort (during which HCC diagnoses
were ascertained), or assessment of HIV RNA or CD4+ cell measurements. We excluded
patients who had HCC diagnosed prior to start of follow-up. Follow-up continued until first
occurrence of: HCC, death, cohort-specific end date for reporting HCC diagnoses, date lost
to follow-up (defined by NA-ACCORD as the earlier of the last HIV RNA or CD4+ cell
measurement plus 540 days), or December 31, 2016.

Main study outcome

The primary outcome was incident HCC diagnosis. Within each cohort, HCC diagnoses
were adjudicated based on cancer registry linkage or through comprehensive review

of medical records by trained medical record abstracters under the supervision of a
physician using a web-based standardized abstraction protocol to verify the diagnosis
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(i.e., histopathologic diagnosis, supportive radiographic imaging, or clinician-confirmed
diagnosis), as previously described (8).

We examined age, seX, race/ethnicity, body mass index, HIV transmission risk factors,
diabetes mellitus, alcohol use, chronic hepatitis C virus (HCV) infection, and use of

ART. Diabetes was assessed throughout observation and defined by: 1) hemoglobin Alc
>6.5%, 2) prescription of specific anti-diabetic medications (e.g. insulin), or 3) diabetes
diagnosis plus prescription of diabetes-related medications (9). Heavy alcohol use was
defined as ever having had while under observation: 1) International Classification of
Diseases, Ninth Revision hospital or outpatient diagnosis of alcohol dependence/abuse, or 2)
=3 drinks/day or =7 drinks/week for females; =4 drinks/day or =14 drinks/week for males
on the self-reported Alcohol Use Disorders Identification Test-Consumption questionnaire
(10). Chronic HCV coinfection was defined by detectable HCV RNA or available HCV
genotype recorded at any time during observation. ART was defined as use of three
antiretrovirals from at least two classes or a triple nucleoside/nucleotide reverse transcriptase
inhibitor regimen (previously accepted as ART). We determined exposure to ART, HBV-
active antiretrovirals (tenofovir disoproxil fumarate [TDF], lamivudine, emtricitabine), and
entecavir throughout observation.

We examined all HIV RNA levels, CD4+ cell percentages, HBeAg, and quantitative

and qualitative HBV DNA results before and during follow-up. We evaluated CD4+ cell
percentage instead of absolute CD4+ cell count because absolute CD4+ count may decrease
during cirrhosis due to portal hypertension-induced splenic sequestration (11). HIV RNA
level and CD4+ cell percentages were lagged by 180 days (approximate mean doubling
time of <5 cm HCCs (12)) to reduce the possibility that HCC influenced these variables
(i.e., reverse causality). Due to changes in the sensitivity of HIV RNA assays over time,
detectable HIV was defined as >500 copies/mL. Hepatitis delta coinfection status was not
available within the NA-ACCORD data.

Statistical analysis

We first determined unadjusted incidence rates of HCC (events/1,000 person-years).

We used multivariable Cox regression to determine adjusted hazard ratios (aHRs [95%
confidence intervals]) of HCC for risk factors of interest. HIV-related factors included
detectable HIV RNA (>500 copies/mL) and CD4+ cell percentage, both time-updated.

We examined traditional HCC risk factors including older age (= 40 years), male sex,
race/ethnicity, obese body mass index (=30 kg/m?2), time-updated diabetes mellitus, heavy
alcohol use, and chronic HCV coinfection (2). Baseline values of time-updated variables
(i.e., HIV RNA, CD4+ cell percentage, and diabetes status) were carried forward until

the date that a new value was recorded. The aHRs of HCC for time-updated variables
therefore reflect associations between current values of that variable and HCC. Analyses
additionally adjusted for the year that follow-up started. ART use was not included because
of its collinearity with HIVV RNA and CD4+ percentage. To evaluate fully the effects of
HIV viremia on HCC, we also examined alternative definitions of HIV viremia as a: 1)
categorical variable (<500, 501-10,000, >10,000 copies/mL), 2) continuous variable per 1.0
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logyg copies/mL increase, and 3) cumulative value with increasing consecutive months of
detectable HIV (compared to those with undetectable HIV), as previously described (13).
We performed two secondary analyses. First, we determined aHRs of HCC accounting for
death as a competing risk (14). Second, to assess if risk factors for HCC varied by presence
of advanced hepatic fibrosis, we stratified our analysis by platelet count at start of follow-up
(<150,000/pL; =150,000/uL), since platelet count <150,000/uL is associated with advanced
hepatic fibrosis by liver biopsy (Ishak stage 4-6) among chronic HBV patients and is a
marker of cirrhosis-induced portal hypertension (15). We chose not to adjust for platelet
count in primary analyses because cirrhosis is in the causal pathway to HCC and controlling
for advanced hepatic fibrosis status could potentially adjust away associations between risk
factors of interest and HCC and might attenuate our ability to detect important clinical
factors.

Next, to examine the effects of HBV viremia on HCC risk, we first restricted the sample

to those who had quantitative HBV DNA measured prior to the end of follow-up. We
constructed separate Cox models to examine aHRs of HCC associated with the following
time-updated categories of HBV DNA: 1) >200 international units [IU]/mL, 2) <200; 201-
2,000; >2,000 1U/mL, and 3) <200; 201-200,000; >200,000 1U/mL. We also determined the
aHR of HCC with higher time-updated quantitative HBV DNA level (per 1.0 log1g 1U/mL
increase).

We then included those who had quantitative or qualitative HBV DNA assessed. We used
Cox regression to evaluate the risk of HCC with time-updated detectable HBV (compared

to those with undetectable HBV). We evaluated aHRs of HCC associated with increasing
consecutive months of detectable HBV (compared to those with undetectable HBV). Given
the potential impact of both HIV and HBV on development of HCC, we used Cox regression
to evaluate the risk of HCC as a composite variable of time-updated detectable HIV

and HBV with four categories: 1) detectable HIV and HBV, 2) undetectable HIV with
detectable HBV, 3) detectable HIV with undetectable HBV, and 4) undetectable HIV and
HBV. We then determined the aHRs of HCC for above groups 1-3 compared to those with
undetectable HIV and HBV.

Among individuals who received HBV-active ART (i.e., TDF, lamivudine, emtricitabine) or
entecavir and who had quantitative or qualitative HBV DNA assessed, we determined if the
risk of HCC was reduced with increasing consecutive months of: 1) undetectable HBV, and
2) undetectable HIV and HBV. Consecutive months of undetectable viremia were counted
until detectable HIV or HBV was observed. If undetectable viremia was again achieved, the
consecutive months suppressed was restarted at one month.

Analyses evaluating HBV viremia were adjusted for time-updated HIV RNA, time-updated
CDA4+ percentage, and other HCC risk factors. Analyses were repeated accounting for death
as a competing risk and stratified by platelet count (<150,000/uL; =150,000/uL) at start

of follow-up. In the subgroup of persons who had HBeAg assessed, we performed an
exploratory analysis examining the association between positive HBeAg status and HCC.
Further, to begin to explore the effect of advanced hepatic fibrosis on risk of HCC, we
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conducted an additional exploratory analysis evaluating the effect of baseline platelet count
<150,000/uL on HCC risk.

We assessed proportionality of hazards with log-log plots and Schoenfeld residuals. We
implemented multiple imputation using chained equations to address the potential bias

of missing risk factor data, by means of ten imputations using all variables in Table 1

(16). Results across the ten datasets were combined to arrive at confidence intervals that
accounted for within- and across-dataset variances. Data were analyzed using SAS 9.4 (SAS
Institute Inc., Cary, NC).

Patient characteristics

Risk factors

Among 130,594 persons with HIV in the 22 NA-ACCORD cohorts from 1995-2016, 10,661
(8.2%) were HBV-coinfected. After exclusions, 8,354 HIV/HBV-coinfected individuals
remained in the sample (Figure 1). The median age was 43 years, and participants were
predominantly male (93.1%) and non-white (52.4%; Table 1). Heavy alcohol use was
reported in 35.3%. A total of 1,806 (21.6%) had chronic HCV coinfection. At start of
follow-up, the median HIVV RNA was 2.6 log1g copies/mL, and the median CD4+ cell count
354 cells/mm?3 (median percentage, 21.0%). At any time before or during follow-up, 3,054
(36.6%) had a quantitative HBV DNA assessed (median measures/patient, 2 [interquartile
range (IQR), 1-5]), 2,795 (33.5%) had a qualitative HBV DNA assessed (median measures/
patient, 3 [IQR, 1-6]), and 3,922 (47.0%) had HBeAg tested. Among those who had HBeAg
tested, 2,174 (55.4%) had a positive result.

At start of follow-up, 47.8% were on ART with lamivudine or emtricitabine as the

only HBV-active antiretroviral, 26.7% received HBV-active ART with TDF plus either
emtricitabine or lamivudine, 1.7% received HBV-active ART with TDF alone, and 4.0%
were on ART without an HBV-active antiretroviral (Table 1). A total of 1,652 (19.8%)
were not on ART at start of follow-up; of these, 1,277 (77.8%) started ART during
follow-up. Among 1,985 (23.8%) patients not on an HBV-active antiretroviral at study
entry, 1,509 (76.0%) received HBV-active ART during follow-up (1,143 TDF-based; 360
with lamivudine or emtricitabine alone). A total of 129 patients received entecavir during
follow-up (of whom 118 [91.5%] were also on ART).

Among the 8,354 individuals, 115 (1.4%) developed HCC during 65,392 person-years of
follow-up (incidence rate, 1.8 [95% CI, 1.5-2.1] events/1,000 person-years). The median
duration of follow-up was 6.9 (IQR, 2.8-13.0) years.

for HCC

The risk of HCC was not increased with time-updated HIV RNA >500 copies/mL (aHR,
0.90 [0.56-1.43]; Table 2). Analyses evaluating alternative definitions of HIV viremia
showed that the risk of HCC was not increased with higher time-updated HIV RNA (aHR,
1.03 [0.86-1.24] per 1.0 logy copies/mL increase), higher category of time-updated HIV
RNA (501-10,000 copies/mL: aHR, 0.59 [0.28-1.24]; >10,000 copies/mL: aHR, 1.16 [0.68-
1.99] versus <500 copies/mL), or greater consecutive months with detectable HIV (<12
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months: aHR, 0.64 [0.30-1.38]; 212 months: aHR, 1.07 [0.64-1.79] versus those with
undetectable HIV). HCC risk was also not increased with CD4+ percentage <14% (aHR,
1.03 [0.56-1.90] versus >28%). Several traditional risk factors for HCC were associated
with increased HCC risk (Table 2), specifically age 40-49 years (aHR, 1.97 [1.22-3.17]),
age =50 years (aHR, 2.55 [1.49-4.35]), heavy alcohol use (aHR, 1.52 [1.04-2.23]), and
chronic HCV (aHR, 1.61 [1.07-2.40]). The risk of HCC was increased with diabetes, but the
result did not meet statistical significance (aHR, 1.79 [0.95-3.38]).

Among persons who had a quantitative HBV DNA assessed during follow-up (n=3,054;
Table 3), the risk of HCC increased with higher time-updated HBV DNA (aHR, 1.18 [1.05—
1.34] per 1.0 logyo 1U/mL increase). HBV DNA >200 IU/mL was associated with a 2.7-fold
increased risk of HCC (aHR, 2.70 [1.23-5.93]). The risk was especially elevated at HBV
DNA >200,000 IU/mL (aHR, 4.34 [1.72-10.94]).

Among those who had quantitative or qualitative HBV DNA assessed during follow-up
(n=5,316; Table 4), the risk of HCC was increased with =1 year of detectable HBV

(@aHR, 2.15 [1.34-3.42]) but not with <1 year (aHR, 2.02 [0.95-4.32) compared to those
with consistently undetectable HBV (test for trend p=0.0012). In the analysis examining
combined HIV and HBV viremia, the highest risk of HCC was observed among coinfected
patients with both detectable HIV and HBV (aHR, 2.21 [1.17-4.18]; Table 4) compared to
those with both undetectable HIV and HBV. Patients with undetectable HIV but detectable
HBYV also had significantly elevated HCC risk (aHR, 1.77 [1.07-2.92]), but the risk of HCC
was not increased with detectable HIV but undetectable HBV (aHR, 0.27 [0.06-1.14]).

For persons who received HBV-active ART and who had quantitative or qualitative HBV
DNA assessed (n=4,891; Table 5), increasing consecutive months of undetectable HBV was
associated with a lower risk of HCC compared to those with detectable HBV (Table 5;

test for trend p=0.0024). This pattern was also seen when evaluating consecutive months of
combined HIV and HBV suppression. The risk of HCC was significantly reduced with >1
year of suppression of both viruses (S1 Table).

Similar findings were observed in competing risk analyses (S2—-S4 Tables). Among persons
with platelet counts =150,000/uL at start of follow-up, age =40 years, HCV coinfection,
and heavy alcohol use remained risk factors for HCC, while time-updated HIV RNA

>500 copies/mL and CD4+ percentage <14% were not (S5 Table). Within this subgroup,
associations with HCC were slightly stronger for time-updated detectable HBV DNA

and detectable HIV/HBYV (S6 Table) as well as increasing consecutive years with both
undetectable HIV and HBV (S7 Table).

Finally, in our exploratory analysis examining the association between positive HBeAg
status and HCC among persons who had HBeAg assessed, we observed no increased risk
of HCC with HBeAg-positive status after adjustment for HIV-related and traditional HCC
risk factors (aHR, 1.47 [0.92-2.35]). In a separate exploratory analysis, baseline platelet
count <150,000/uL was strongly associated with an increased risk of HCC (aHR, 4.05
[2.62-6.26]), after adjusting for detectable HBV, detectable HIV, CD4+ percentage, and
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traditional HCC risk factors (S8 Table). When accounting for competing risks, the results of
these analyses were nearly identical.

Discussion

In this large sample of HIV/HBV-coinfected persons from North America, we found that
all detectable measures of HBV viremia, including time-updated detectable HBV >200
IU/mL, higher current HBV DNA, and greater consecutive months of detectable HBV, were
associated with increased risk of HCC. There was a biological gradient of risk of HCC with
higher HBV DNA, especially at levels >200,000 IU/mL. Notably, neither CD4+ percentage
nor any definition of HIV viremia were associated with increased HCC risk. In analyses
evaluating both detectable HIV and HBV, the risk of HCC was highest when HBV viremia
was detectable. Finally, sustained HBV suppression with HBV-active ART for =1 year was
associated with a 58% reduction in HCC risk.

These findings complement and extend existing knowledge of HBV natural history, and do
so specifically for HIV-coinfected persons. The REVEAL-HBV study from Taiwan provided
important initial data on the role of HBV replication on HCC development in the pre-HBV
antiviral therapy era (5). This study demonstrated a strong relationship between baseline
HBYV DNA level and risk of HCC among persons with chronic HBV monoinfection. A
threshold for increased HCC risk was observed at 2,000 1U/mL, with incrementally greater
risk for HCC with higher levels of HBV DNA. Additionally, persistent HBV viremia during
follow-up, particularly at higher HBV DNA levels and for longer duration, was found to be a
risk factor for incident HCC and later for recurrent HCC (17, 18).

Our study is the first to show that HBV viremia is associated with HCC risk in a large,
racially diverse cohort of adults outside of Asia. The epidemiology of HBV infection is
distinctly different in Asia, where most HBV infections are acquired perinatally followed by
years of immune tolerance. In contrast, horizontal HBV transmission via sexual or parenteral
routes is more common in Western countries. Despite this difference in acquisition and
natural history, HBV viremia remained adversely associated with HCC in this non-Asian,
HIV-infected population, with a threshold of risk that may begin as low as 200 IU/mL.

Our findings also provide some insight into the association between HBV viremia and
excess mortality among people living with HIV and HBV that has been observed in a variety
of cohort studies from Africa and Europe (19-21). In these studies, the probability of death
increased at HBV DNA levels >2,000 IU/mL, and in one study, was incrementally higher
with every 1.0 logyg IU/mL increase of HBV DNA (19). HCC, a lethal cancer with high case
fatality, may be more challenging to diagnose and treat in the setting of HIV (22, 23), and
may have been a contributing factor to the increased mortality observed in these studies.

Notably, in contrast to REVEAL-HBY, our sample of HIV/HBV-coinfected individuals was
a mostly treated cohort, with 76% on HBV-active ART at start of follow-up and 76% of
those not on HBV-active ART at baseline initiating this therapy during follow-up. This
observation highlights that antiviral therapy reduces, but does not eliminate, the risk of HCC.
The overall incidence of HCC in our study was comparable to estimates reported among
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HBV-monoinfected patients without cirrhosis receiving TDF (24-26). Interestingly, HBV
viremia was a stronger predictor of HCC than HIV viremia in our cohort, which underscores
the necessity of HBV-specific control with HBV-active ART to reduce HCC risk. Just as
suboptimal adherence on HBV antiviral therapy and HBV viremia have been shown to have
detrimental effects on development of HCC (27), so can persistent HBV viremia during
HBV-active ART. These data highlight the importance of ongoing HBY DNA monitoring
and optimization of HBV-active ART to achieve HBV DNA suppression, through maximal
adherence and use of tenofovir-based ART.

As a corollary to our findings on HBV viremia, we found that sustained HBV suppression
had a protective association with HCC risk. The potential for antiviral therapy to prevent
liver cancer was first noted in a randomized, controlled trial of lamivudine in patients with
chronic HBV and advanced hepatic fibrosis, which reported a 51% reduction in HCC risk
with lamivudine (28). Multiple observational studies in HBV monoinfection have since
demonstrated that prolonged use of the more potent and durable antiviral nucleos(t)ide
analogues tenofovir or entecavir is associated with a reduction in risk of HCC by as

much as 70% (6, 25, 26). Our findings suggest that HIVV/HBV-coinfected patients are most
likely to derive protective benefit from HBV-active ART when they have maintained HBV
suppression beyond a year. We observed even lower hazard ratios with longer durations of
HBV suppression.

Older age, heavy alcohol use, and chronic HCV coinfection — all known risk factors for
HCC in HBV-monoinfected cohorts (29) — also significantly increased the risk of HCC in
our cohort of HIV/HBV-coinfected persons. Heavy alcohol use and HCV coinfection were
prevalent in our cohort and may continue to influence the natural history of HCC despite
HBV suppression. Our findings suggest that avoiding excessive alcohol consumption and
initiating antiviral therapy for chronic HCV infection might help to reduce the risk of HCC
among HIV/HBV-coinfected persons.

Our study has several limitations. First, clinical factors were prospectively collected as part
of routine clinical care, not per standardized protocol, which explains why HBV DNA
monitoring was inconsistently performed. Second, we did not have data on hepatitis delta
coinfection, HBV genotype, or non-alcoholic fatty liver disease, which have all been shown
to be associated with increased risk of HCC (30, 31). Third, we used thrombocytopenia

as a surrogate for advanced hepatic fibrosis because cirrhosis diagnoses were not available
and since aspartate aminotransferase-to-platelet ratio index and Fibrosis-4 Index for Hepatic
Fibrosis, which are commonly used non-invasive measures of hepatic fibrosis, perform
poorly in determining cirrhosis among HIV/HBV-coinfected patients (32). Platelet count
<150,000/uL is associated with advanced hepatic fibrosis as determined by liver biopsy
among chronic HBV-infected patients and is a marker of portal hypertension (15). Fourth,
chronic HCV infection was determined by detectable HCV RNA or genotype. HCV
antibody-positive persons who were never assessed for HCV RNA or genotype might

have been misclassified as uninfected. Finally, our cohorts represent the North American
demographic of HIV/HBV-coinfected individuals. Our results may not be generalizable to
other geographic regions.

Hepatology. Author manuscript; available in PMC 2022 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kim et al.

Page 10

A major strength of this study is examination of validated cancer diagnoses within a

large multi-cohort population of HIV/HBV-coinfected persons who were followed over

an extended length of time. Our evaluation of individual-level clinical data, as well

as time-updated measures of HBV DNA, HIV RNA, and CD4+ percentage, enabled a
comprehensive and granular examination of HCC risk factors. Use of lagged HIV RNA and
CDA4+ percentage minimized potential for reverse causality. Care was also taken to account
for competing risk of death in our analyses.

Our findings highlight the burden of HCC on HIV/HBV-coinfected individuals in the

ART era. In the absence of a cure for chronic HBV infection, prevention of HBV with
immunization, early identification of HBV coinfection, and prompt initiation of HBV-active
ART remain essential to preventing HBV-associated HCC. To gain maximal benefit from
ART for HCC prevention, sustained and ideally uninterrupted suppression of HBV may be
necessary over years. Further work is needed to determine how best to intervene with risk
factor modification, antiviral therapy, and HCC screening to reduce the impact of this major
cancer among HIV/HBV-coinfected persons.
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January 1, 1995 — December 31, 2016

124,739
HIV+ patients in NA-ACCORD®

A 4
9,383
HIV+ patients with HBV coinfection® Exclusions: n=1,029
* <6 months of observation in NA-ACCORD (n=668)
* HIV RNA and CD4+ cell percentage never assessed
3 (n=229)
* HCC prior to follow-up (n=11)
8,354 *» Presumed acute HBV infection® (n=121)
HIV/HBV patients in study

Figure 1.
Selection of HIV/hepatitis B virus-coinfected persons within the North American AIDS

Cohort Collaboration on Research and Design (1995-2016).

Abbreviations: HBV, hepatitis B virus; HCC, hepatocellular carcinoma; NA-ACCORD,
North American AIDS Cohort Collaboration on Research and Design; RNA, ribonucleic
acid

* Includes 22 contributing cohorts: ALIVE, CWRU/PCRD, FENWAY, HOMER, HOPS,
JHHCC, KPMAS, KPNC, MACS, MCHS-1I, MONT, OHTN, RRC, SAC, SCOPE, UAB,
UCHCC, UCSD, UW, VAND, VACS, WIHS

T HBV co-infection determined by an ever positive for HBV surface antigen, HBV e
antigen, or HBV DNA.

T Presumed acute HBV infection defined as alanine aminotransferase or aspartate
aminotransferase >1,000 U/L within £30 days of the first positive HBV laboratory test
(HBV surface antigen, HBV e antigen, or HBV DNA) with no subsequent positive HBV
laboratory test =6 months after the initial result.
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Table 1.

Baseline Characteristics of HIV/hepatitis B virus-coinfected persons in the North American AIDS Cohort
Collaboration on Research and Design (1995-2016).

Characteristic (n=8,354)
Age(n, %)
Median (years, IQR) 42.9 (36.2-49.2)
<40 years 3,224 (38.6%)
40-49 years 3,204 (38.4%)
=50 years 1,926 (23.1%)
Male sex (n, %) 7,775 (93.1%)
Race (n, %)
White 3,973 (47.6%)
Black or African American 3,421 (41.0%)
Asian/Pacific Islander 126 (1.4%)
Multiracial, Other, Unknown 834 (10.0%)
Hispanic (n, %) 665 (8.4%)
Body massindex (n, %)
Median (IQR) 24.4 (22.0-27.3)
Underweight (<18.50 kg/m?) 273 (3.6%)
Normal (18.50-24.99 kg/m?) 4,041 (52.6%)
Overweight (25.00-29.99 kg/m2) 2,435 (31.7%)
Obesity (=30.00 kg/m?) 929 (12.1%)
Missing 676 (8.1%)
Diabetes mellitus (n, %) 523 (6.3%)
Heavy alcohol use (n, %)
Ever 2,946 (35.3%)
Never 5,207 (62.3%)
No data on alcohol use available 201 (2.4%)

HIV transmission risk factors(n, %)

Men who have sex with men 3,939 (47.2%)
History of injection drug use 1,806 (21.6%)
Receipt of blood transfusion, etc. 31 (0.4%)
Heterosexual contact 842 (10.1%)
Other 151 (1.8%)
Unknown 2,020 (24.2%)
Chronic hepatitis C virusinfection (n, %) 1,803 (21.6%)
HIV RNA (n, %)
Median (log; copies/mL, IQR) 2.6 (1.7-4.1)
<500 copies/mL 4,567 (54.7%)
>500 copies/mL 3,787 (45.3%)

Absolute CD4+ cell count (n, %)
Median (cells/mm3, IQR) 354.0 (184.0-557.0)
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Characteristic

(n=8,354)

>500 cells/mm3
200-499 cells/mm?3
<200 cells/mm?
CDA4+ cell percentage (n, %)
Median (%, IQR)
228%
14-27.99%
<14%
Platelet count (n, %)
<150,000/pL
>150,000/pL
Not assessed at start of follow-up

HBV DNA

Median HBV DNA (log; IU/mL, IQR)

Quantitative HBV DNA (initial assessment during observation; n, %)

<200 IU/mL
201-2,000 1U/mL
>2,000 1U/mL

Assessed only for qualitative HBV DNA during observation (n, %)

Never assessed for quantitative or qualitative HBV DNA during observation (n, %)

HBV eantigen (n, %)
Negative

Positive

Never tested before or during follow-up

On ART at start of follow-up (n, %)

Anti-HBV ART regimen at start of follow-up (n, %) *

Lamivudine or emtricitabine alone

Tenofovir disoproxil fumarate alone
Tenofovir disoproxil fumarate + (lamivudine or emtricitabine)

On ART, but no anti-HBV antiretroviral

Not on ART
Year of start of follow-up (n, %)
1995-2000
2001-2006
2007-2016

2,626 (31.4%)
3,450 (41.3%)
2,278 (27.3%)

21.0 (12.2-30.0)
2,539 (30.4%)
3,454 (41.3%)
2,361 (28.3%)

1,584 (19.0%)
6,285 (75.2%)
485 (5.8%)

2.0 (1.3-5.0)
3,054 (36.6%)
1,688 (55.3%)
215 (7.0%)
1,151 (37.7%)
2,307 (27.6%)
2,993 (35.8%)

1,748 (20.9%)
2,174 (26.0%)
4,432 (53.1%)
6,702 (80.2%)

3,997 (47.8%)
142 (1.7%)
2,230 (26.7%)
333 (4.0%)
1,652 (19.8%)

2,490 (29.8%)
3,398 (40.7%)
2,466 (29.5%)

Abbreviations: ART=antiretroviral therapy; HBV=hepatitis B virus; HIV=human immunodeficiency virus; IQR=interquartile range;

RNA-=ribonucleic acid

*
Results represent initial ART regimen.

Age was measured as year of baseline - year of birth.

Sex, race/ethnicity, and history of injection drug use were collected at enrollment into the NA-ACCORD.
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History of heavy alcohol use was defined as ever having reported while under observation in the NA-ACCORD: 1) inpatient or outpatient diagnosis
of alcohol dependence/abuse, or 2) =3 drinks/day or =7 drinks/week for females; >4 drinks/day or =14 drinks/week for males on the self-reported
Alcohol Use Disorders Identification Test-Consumption questionnaire.

HIV transmission risk factors were not mutually exclusive.

Diabetes mellitus was defined by: 1) hemoglobin Alc 26.5%, 2) prescription of certain anti-diabetic medications, or 3) diabetes diagnosis plus
prescription of certain anti-diabetic medications.

Chronic hepatitis C virus infection was defined by detectable HCV RNA or available HCV genotype recorded at any time during observation.

ART was measured as a combination of 3 antiretroviral agents from at least two classes or a triple nucleoside/nucleotide reverse transcriptase
inhibitor regimen.

Hepatology. Author manuscript; available in PMC 2022 September 01.



Page 19

Kim et al.

abejusoied |2 +7aD parepdn-awi L

(ev'1-95°0) 06°0 (L€'T-15°0) 68°0 (Tz0T 7T €9G'6T 82 6TL'9 uyserdod pos<
80UBIRJRY 80usIR4eY (€2-ST)6T 628'GY 18 %', Twyseidod 0ogs
VNY AlIH parepdn-awi L
(0v'2-L0T) 19T (e9z-zzT)6LT (Le6T)LC 888'vT ov €08'T SOA
80UBIRJRY 80usIR4eY (61-21T)8T 70505 Gl 1659 ON
J UemPRISIIIA Dshizeday 21U0JyD
(eze-10T) 28T (sezzT1) 29T (oe-81)€C €0T'L2 €9 w6'e SOA
80UBIR4RY 80usIR4eY (8T-0T)¥'T 708'92 15 L02'S ON
s asn [oyooe AneaH
(86°€-56'0) 6L'T (L8'€-2T'T) 80'C (To-L1ve €52'e 1T (374 SOA
80UBIR4RY 80usIR4Y (0zv1) LT 8€T'29 0T €06'L ON
# SMUIPW SSBGEIp parepdn-awi |
(€8'T-65'0) 00'T (62 T-¥5°0) 86°0 (6260 LT 8T¢'L 49 626 (w/Bx 0g<) 35390
80UBIBJOY 80usIR4eY (Tzv1) LT 756'vS 6 6v.'9 (zw/B> 0g>) 9900 10N
Xapuissew Apog
(e0c-16'0) 8E'T (88'T-06'0) 0E'T (9z-s1)0C 268'TE 9 €16'€ 3NUM
80UBIBJOY 80usIR4eY (0z-T1) 8T 0rs'ee 15 186"y aiym-uoN
aoey
(¥1°9-09°0) 26'T (Tz'8-€8'0) 19'C (zzs1)871 820'T9 A9 GLL'L 3leN
80UBIRJRY 80usIR4eY (0z-10) L0 y9E'y € 6.G a[ews
XS
(Sev-6v'T) §G°C (eL'7-89T) 28T (9e-8T1)9C 620'€T ve 926'T s1eak 052
(LTe—22T) 16T (r5e-8€T) 12°C (829112 44T 9 v0Z'e s1eak 60y
EMIEIETEN| ERIEIETEN] (#'1-90) 07T Tv1'92 14 vzz'e sieak op>
aby
SJeoA

(10 9%6) | HH PBNIPY (15 o466) WH porsnlpeun owl]-Ucsied SleAg oN ,Pesodx3 oN 211518108 ey D

-Uos Bd 000 TAIUBAT ‘(1D %G6) 91y 8ouspiou |

“(paIUBPI SIUSAS BWIOUIDIRD Jejnjjaooleday JUspIdul GTT ‘#GE‘'8=U ‘9T0Z-S66T) UBISa@ pue yaIesssy
U0 UOIBIO0R]|0D 1oY0D SNV UedLIBWY YUON 8yl Ul suosiad pa1aajulod-sniiA g snieday/A|H Buowe ewouroses Jejnjjaooleday YlIm pae1oosse siojoe

‘¢ 9|qeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Hepatology. Author manuscript; available in PMC 2022 September 01.



Page 20

Kim et al.

“uoneAIssqo Bunnp awn Aue Je papiodas adAloush ADH 8|de|ieAe 10 WYNY ADH 8]qe1oslap Ag paulyap sem uonoagul SniIA D sieday o1uoiyD

(A

“aJreuuonsanb uondwnsuod-1sal UONESINUSP] SI9PIOSIA 8SM [0Y0D[Y PaLiodal-}[as 8yl UO SB[ 10 XBaM/SHULIP FTZ J0 Aep/sYULIP $Z ‘Sa[ewa) 0} YoM /syuLp

/= 10 Kepysyunip €= (g o ‘asnqe/aouspuadap |oyooje Jo sisoubelp jusiedino Jo juanedul (T :GYOIIV-VN 8U} Ul UOITBAISS]O Japun aj1iym pariodal BuiAey J8As se paulyap asn |oyodfe Aneay Jo bsw__._%

‘dn-moj |0} 40 LeIS

01 Jouid uoneaIpaW paje|al-saleqelp 4o uonduasaid ays snid sisoubeip saleqeIp B 40 P102al (€ 40 ‘uonedIpaW dnageIp-nue Jo uonduosaid (2 ‘%S 9< 9TV ulqojBoway (T :AQ paulyap sem sniijjaw mbgm_n_N

*3]qel SIY} Ul PaIsi| SI030B) %SLI JY10 [[e 10} parsnipe sorjes E@uﬁ.._._qN

‘A1063729 BUO URY) 310W UIYIIM papnjoul g Aew juaiyed usalb e ‘sajqeltea payepdn-awi} 10
¥

pI9® 219]9NUOqLI=YNY ‘01784 prezey=yH ‘SniiA Aoualolapounwiwi Uewny=AlH ‘SniA g snireday=AgH :[eAlslul 80Uapyuod=|) :SUoIeINIGqY

(T0'1-680) 56'0 (c0'1-16°0) 96'0 " " " - (feak Jod) dn-moj (o} Jo 1els Je Jea

(06'1-95'0) €0'T (92'1-55'0) 86°0 (zzg0)eT 670'CT 9T €16'c %YT>

(Tz'e-16'0) LT (Tz'2-86'0) L'T (891712 69v'L2 65 612'9 %8¢—T
30URI3JY CSICICIEN| (Tz-T1sT €18'se or 196'% %82<

SIeBA

0 N
(19 9456) HH PR (19 9466) aH POBNIRUN 05 5 o0 108n3 (19 9656) 2128 S0U8PIOU

awli|-ucsked SIuAT 'ON *goaxm_ ‘'ON 1SR IeYD

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Hepatology. Author manuscript; available in PMC 2022 September 01.



Page 21

Kim et al.

"dn-mo]]0y JO 1els Je Jeak pue abe loy paisnipe soljel EmNme

‘A10681e9 3UO URY) 3I0W UIYIM papn|oul ag Aew juanied usAlb e ‘ajqeLien payepdn-awil e SI YNQ AGH 92UIS
v

pIoe 218]9NUOGLI=\YNY ‘0.l prezey=yH ‘sniiA Aouslolyspountuwil Uewny=AlH ‘SNIIA g snieday=AgH ‘[eAI81ul 80USPILU0I=]D) :SUOIBIABIGQY

(¥6'0T-2L'T) vE'Y (90'6-99'T) 28°€ (g1-91)8°%¢ ¥'20T'C 8 vLL w/N1 000'002<

(¥6'7-€9°0) LL'T (L9v-€90) TLT (0v-90) 2T 0%26'C S 2Tt w/N1 000°002-T0C

30URI3JY CSICICIEN| (L1-90 71T 6'7v8'ST LT §Ge'C Jw/n1 00Zs
440-1N0 JW/N 1 000°00¢ 'YNA AGH parepdn-awi L

(L6'9-v21) S8'C (98'5-9zT) 2L'C ®v+1) L2 €850 1 AA w/N1000'2<

(65'6-050) 022 (LT6-870) TTC (rL—zo)te T'€L6 [ 965 7w/N1 000°2-T02

80UBIBJY 30URIBJOY L1-907TT 6'7v8'ST LT §6e'T Jw/N1 00zs
H0-IN0 TW/N1000'C 'YNA AGH parepdn-owi L

(e6'5-€2T) 0LC (Tr'5-62'1) 092 WrvT1)9C 7'1€0'S €1 89Y'T w/ni 00z<

80UBIBJY 30URIBJOY L1-907TT 6'7v8'ST LT §6e'T Jw/N1 00zs

$§0-100 TW/N1 002 'YNA AgH perepdn-swiL

(1D %S6) | ¥H pasnipy SJEOA-U0S Bd 000°T - : 0dx3 0
0367 | (10 %S6) "H pasnipeun 18T ‘(1D %c6) oey soteppu) WIS R SIWBAZ ON Pes00X3 "ON Jls1ee ey

"(palnuapI S1USAS BWOUIDIELD Ie|n|[9o0reday JUBPIdUL OF ‘#G0'€=U :9T0Z-S66T)
ub1sa@ pue yaJeasay UO UoITeIOge]|0D LoY0D SAIY Uedlawy YLION 8yl ul dn-mojjo) 01 Jotid painseaw wYNQA AgH aAirelinuenb pey oym suosiad
Pa199Jul0d-AgH/AIH Buowe wNa (AGH) sniA g siiteday parepdn-awin Jo sa11063180 Jualayip YlIM paleidosse BWOUIIR) Jejn|jadoreday Juapioul Jo 3siy

‘€ 9l1qeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Hepatology. Author manuscript; available in PMC 2022 September 01.



Page 22

Kim et al.

‘Resse anllelI[enb 10 aAeInUENb UO paynuap!

VNG AGH 0U=AgH 2Iqeioaapun uyseidod 0055 YNY AIH=AIH aldeiaiapun Aesse annexfenb 1o snjeinuend uo paynuep! YNG AGH=ASH a1ae21a u/saidod 00G< YN AIH=AIH 2iqeioaled,

*dn-moj|04 JO LIeIS Je Jeak pue ‘asn [oyodfe Aaeay ‘abejusdlad |99 +QD parepdn-awil ‘salaqgelp ‘ANoluyls/adel ‘xas ‘abe oy paisnipe snieis AgH pue AlH 8]1qe1081ep parepdn-awi Buiienjeas |spoN

*dn-Mmo]|04 JO LIeIS Je Jeak pue ‘asn [oyodfe AAeay ‘abejusdlad [199 +¥QD parepdn-awil ‘WYNY AlH patepdn-awil ‘salaqgelp ‘ANoluyls/ades ‘xas ‘abe 1oy paisnipe YNQ AGH parepdn-swi Buirenfens _%o_\,_qN

*A10631e9 BUO URY) BI0W UIYIM papnjaul aq Aew juaited uaAlb e ‘sajqelien parepdn-awin ate WNA AGH Pue WNY AlH 82uUIS
¥

o1l prezey=yH ‘snIA AousIolapouUNWIWI UBWNY=AH ‘SNIIA g snieday=AgH :[eAla1ul 80UspIJU0d=]D :SUOIRIARIGQY

BTv-LTT) 122 (67'€-L0'T) €6'T (09-T2) L€ ove'y 9T 08v'c AGH pue AIH 8|qeids1eq
(26'2-L0T) LLT (25'2-96'0) SS'T (9y-T2) e 015’8 12 Ges'e AGH 3]qe10319p ‘AIH 3]qeidalspun
(¥T'T-90°0) £2°0 (T2'1-20°0) 62°0 (02-200) 90 625'c z 188'T AGH 8|qelos1apun ‘AlH 8]qesled
30UaI343Y ERIIEIETEN (0e-91) 22 y9T'6T A7 vei'e AGH pue AIH 8]ge1o81spun

# SNTRIS AGH PUR AIH3|qe10Ra porepdn-owiL
(e-evt)zee (§8'2—2z'1) 18T (sr-voee 058'2T ey 79¢€'e 3|qeroaled
80UaI4Y ERITEIETEN (9zv1) 6T 269'22 2% 959'c 3] qeI081BpUN

VYNQ AgGH parepdn-swiL

19 %56 BNl SJESA-UOS Bd 000'T . . dx3 -
(15 %56) | H PSNIDY (19 0456) yH PBNIBRUN ) /(o) Brontaotopoyy  QWILUOSRd  SIeAg oN Pasodx3 oN ons1BRe feyD

*(PalyluapI SJUSAS BLUOUIDIRD Jejnjjaa0leday Juspioul /8 ‘9TE'G=U 9T0Z-566T) Ubisaq pue yoleassy
UO uoleIoge]|0D Loy SAIV Ueduswy YLON ayl Ul passasse WYNA AgH aAlreljenb 1o aaizeuiuenb pey oym suosiad palosjuiod-AgH/AIH Buowe
sn1eIs AgH pue AlH a]ge1931ap parepdn-awil pue [aA3] WYNA (AGH) sniia g snireday parepdn-awiil Ylim pajeidosse Bliouloled Jejnjjaaoieday Jo ysiy

‘v al|qeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Hepatology. Author manuscript; available in PMC 2022 September 01.



Page 23

Kim et al.

*dn-mo||0} JO LIS e Jeak pue ‘asn Joyodfe Aneay ‘abieiuadiad |89 +@D parepdn-awin ‘wNY AIH parepdn-awi ‘saiagelp ‘A1o1uyia/adel ‘xas ‘abe 1oy paisnipe m_muo_\,_n

*A1063189 3UO URY) BI0W UIYHM Papnjoul aq Aew juaired uanlb e ‘sajqerien parepdn-awin are YNQ AGH pue YNY AIH muc_mN

‘Resse aAllelI[enb 10 aAeInUENb UO PalyiUap!
VNQ AgGH 0U=AgH 8|qeiosispun w/se1dod 0055 YN AIH=AIH 8]qeiosiapun ‘Aesse aAizeljenb Jo sairelnuenb uo paynusp! YNA A9H=AgH 8]qeio81ad :w/se1dod 005< YNY AIH=AIH 8|qe81eq
*

onel prezey=yH ‘snuIA AousiolapouNwWI UBWNY=AlH ‘SnJIA g sniedsy=AgH ‘[eAI81ul 80UBPIIUOI=]D) :SUOIIBINRIGAY

(e8'0-L1°0) 8€'0 (0T'1-92°0) ¥5°0 (r'e-6'0) 6T 66€'S o1 96€'T s1eak < 10} AGH PuB AIH 9|qelosispun
(ez'T-v€'0) ¥9°0 (ze't-L€0) 0L°0 (re-01)0C 165'9 €T 609'C s1eak y—T 104 AGH PuB AIH 3]geldsipuN
(622890 2T (Sre-—vr0)veT (To-T2) Lt 890t GT SYT'E 1e9A T> 10} AGH pUe AIH 3]ge1oa)3pun
ERlICIETEE| 30URIBJY (6e-12)6C €26'€T or 81"y AGH pue AlH 9|qe1081eq

» \GH PUB AIHBIqeieRpun o uoie.nd
(16'0-62°0) 150 (s0'1-2£0) 29°0 (6z-zT) 61 966'TT €z 609' 1eak 1= 104 AGH pUB AIH 8]qeldsiepun
(62'2-89'0) 52'T (wr'2-vL'0) ¥E'T (To-12) Lt 8907 18 SrT'e 183k 7> 104 AGH puB AIH 3]ge10339pUN
EIICIETER| 80URIBJOY (6e-12)6C €26'€T or 18Ty AGH pue AIH 8|qeloeieq

4 \GH PUB AIH3|qRIoepUN Jo UoleINg
(L90-LT0) ¥EO (¥8'0-G2'0) 5t'0 (0e-01)81 v.€'8 18 €LL'T s1eak y= 104 AGH d]qeIa)epuUN
(£0'1-82°0) 55°0 (80'1-62°0) 95°0 (62-6'0) LT L0T'L 14 €v8'z s1eak y—T 104 AGH 8|qelalpuN
(T€'2-95°0) ¥T'T (tLe-sLr0)ev't (TL1cadey 0TT'e €T €9z'e Teak 1> 10} AGH 3]qeI0a)3pUN
ElICIETE| 80URIBJOY (sreaee 625'TT 8¢ 9zz'e AGH 3|qepe1eq

/ A9H 3|ge1dsepun Jo uolre.ing
(eL0-vz0) 2v'o (z8'0-0€'0) 05°0 (Sz-T1) LT 18%'GT L £v8'C Teak 12 104 AGH 3]qeI0R)3pUN
(8z'c-550) 21T (69'C-vL0) TV'T Tz ey 0TT'e €T €9z'e 1eak 7> 104 AGH 8]qeIR)3pUN
ERlEILIE| CSICIEIEN| (sve2o)ee 625'TT 8¢ 9zz'e AGH 2|qeeieg

& A\BH?IdeReRPUN Jo UoeINg

S e \-UCS Jod

(10 %s6) aH PeNIPY (15 9456) WH posnlpeun awll-uosied  SIUSAT ON ,pvomoaxm_ "ON QIslee ryD

000°'TAIULAT ‘(1D %S6) 8Tey 8ouspiou |

*(Pa1JIuUaPI SIUBAS BLIOUIDIRD Je|n||9201eday

1U3PIUI 8/ ‘TB8'P=U ‘9T0Z—S66T) Ubisa@ pue Yyoueasay Uo UoIRIoge||0D 1oyoD SAIV UedLIBWY YUON ayl ul Adelay) [elino1aliiue aAnde-AgH
PaAIadal pue passasse WYNA AgH aAirelifenb Jo aaireluenb pey oym suosiad paasjulod-AgH/AIH Buowre “YNa AgGH pue WNY AlH 3]ge1dslapun yiog
‘A191RJRdas ‘pue WNQA (AGH) 910e19319puUn YIIM SYIUOW 9AIINI3SU0I Bulsealoul JO sa1106a1ed JuaIaIp YlIIM Paleldosse ewouldled Jejnjjadoledsy Jo ysiy

G 9|qeL
Author Manuscript

Author Manuscript Author Manuscript

Author Manuscript

Hepatology. Author manuscript; available in PMC 2022 September 01.



Page 24

Kim et al.

2€70°0=d :pual Jo} wan_.%

$T1€0°0=d :pual) J0} Hmw._N

0T00°0=d :pual) Jo} Hmw._.\\

#200°0=d :puss 104 153 w

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Hepatology. Author manuscript; available in PMC 2022 September 01.



	Abstract
	Introduction
	Methods
	Study design and data source
	Study patients
	Main study outcome
	Covariates
	Statistical analysis

	Results
	Patient characteristics
	Risk factors for HCC

	Discussion
	References
	Figure 1.
	Table 1.
	Table 2.
	Table 3.
	Table 4.
	Table 5.

