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Abstract

The global burden of hepatocellular carcinoma (HCC; primary liver cancer) is increasing. HCC is often unaccompanied

by clear symptomatology, causing patients to be unaware of their disease. Moreover, effective treatment for those with
advanced disease is lacking. As such, effective surveillance and early detection of HCC are essential. However, current
screening and surveillance guidelines are not being fully implemented. Some at-risk populations fall outside of the
guidelines, and patients who are screened are often not diagnosed at an early enough stage for treatment to be effective.
From March 17 to 19, 2015, the Hepatitis B Foundation sponsored a workshop to identify gaps and limitations in current
approaches to the detection and treatment of HCC and to define research priorities and opportunities for advocacy. In

this Commentary, we summarize areas for further research and action that were discussed throughout the workshop to
improve the recognition of liver disease generally, improve the recognition of liver cancer risk, and improve the recognition
that screening for HCC makes a life-saving difference. Participants agreed that primary prevention of HCC relies on
prevention and treatment of viral hepatitis and other underlying etiologies. Earlier diagnosis (secondary prevention) needs
to be substantially improved. Areas for attention include increasing practitioner awareness, better definition of at-risk
populations, and improved performance of screening approaches (ultrasound, biomarkers for detection, risk stratification,
targeted therapies). The heterogeneous nature of HCC makes it unlikely that a single therapeutic agent will be universally
effective. Medical management will benefit from the development of new, targeted treatment approaches.

Depending upon the methodology used, HCC is estimated to be
the second (1) or third (2) most common cause of cancer mor-
tality worldwide. Globally, the leading cause of HCC is chronic
viral hepatitis, with 45% attributable to infection with hepati-
tis B virus (HBV) and 26% due to hepatitis C virus (HCV). In the
United States, chronic HCV infection (40%) and alcohol abuse
(29%) are the leading causes of HCC (2,3). A growing etiology of
HCC is nonalcoholic fatty liver disease (NAFLD) as a result of the
rising epidemic of obesity and diabetes worldwide (4,5). As part
of its Princeton Workshop series, the Hepatitis B Foundation
convened a group of nineteen leading HBV and HCC experts to
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consider gaps and opportunities to improve the detection and
medical management of HBV-associated HCC.

HCC Incidence and Risk Factors

Gaps in Knowledge

The incidence of HCC is generally underestimated, regardless of
geographic region, as many liver-related deaths are not identi-
fied as HCC and many known HCC-related deaths are miscoded
in medical records and/or not noted on death certificates (6,7).
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Tumor registries can be misleading with regard to actual inci-
dence as the quality and completeness of registries vary. There
have been several studies on the incidence of HBV-related HCC
in Asia (especially China and Taiwan), the United States, and
Europe, upon which we can base conclusions. These include
population-based, prospective cohort studies, such as the
Haimen City Cohort study and the Risk Evaluation of Viral Load
Elevation and Associated Liver Disease/Cancer-Hepatitis B Virus
study (REVEAL-HBV) (8,9), as well as clinic-based prospective
and retrospective studies. In many middle- and low-income
countries, the incidence of HCC is estimated based on limited
data, and well-designed studies are lacking.

The population data for the United States increasingly
reflects the impact of immigration of people who have early life
exposure to HBV and who come from regions of the world where
different HBV genotypes may be more prevalent than those in
the United States. The authors are unaware of any comprehen-
sive study of HBV genotypes in the United States, and changes
in the risk groups that develop HCC in the United States often
remain invisible. It is difficult to discern if the rates of HCC
among immigrants from Asia to the United States are increas-
ing, as country of origin and ethnic subgroup information are
incomplete and not available population-wide (10). Risk factors
of concern in the US population (including immigrants) include
chronic viral hepatitis, alcohol abuse, diabetes, and metabolic
syndrome as a result of obesity.

There are important gaps in the understanding about many
of the risk factors for HBV-associated HCC (eg, the role of the
metabolic syndrome, the synergism of aflatoxin with hepatitis
viruses, reactivation of HBV in patients receiving chemotherapy
or immunosuppressive therapy, the role of alcoholic cirrhosis).
Specific HBV genotypes appear to be an underlying risk factor
for HCC. Studies in Asia, such as the REVEAL-HBV study, have
shown that the incidence of HCC is substantially higher in per-
sons infected with genotype C than in those with genotype B
(11). A prospective HCC surveillance study of Alaska Native peo-
ple with chronic HBV infection found that the incidence of HCC
was higher in those infected with genotype F, and the age at
HCC diagnosis was younger in those with genotypes F and C
compared with those infected with genotypes A, B, and D (12).
There is also much to be elucidated about the impact of thera-
peutic intervention for HBV on HCC risk. Patients who received
HBV antiviral therapy had a lower risk of HCC than those that
did not (13), and even those with decompensated cirrhosis had
improved outcomes with antiviral therapy (14). It is unclear if
intervention earlier, or for longer, would increase benefit. That
said, the positive effect of HBV antiviral therapy persisted in
subgroup analysis after adjusting for serum markers of fibro-
sis, and antiviral therapy was protective throughout a range of
fibrosis levels.

Gaps in Prevention of HCC

HBV vaccination status substantially impacts the incidence
of HCC, as vaccination at birth and in early childhood reduces
the risk of developing chronic HBV infection after exposure.
Prospective studies in Taiwan, Alaska, and Thailand have shown
a marked decrease in the incidence of HCC in association with
universal infant and early childhood HBV vaccination (15,16).
The birth dose of vaccine is critical for reducing perinatal trans-
mission of HBV (17), but there are global barriers to administra-
tion because of limited infrastructure, current birthing practices
(eg, difficulty reaching babies not born in hospitals) and lack
of political will, necessity of cold chain for vaccine doses, birth
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dose if HBV vaccine is not routine in most countries in sub-
Saharan Africa and many regions of Asia, and birth dose of HBV
vaccine lacking in the GAVI-funded universal childhood vacci-
nation programs (18).

Other areas of need for HCC prevention include the identi-
fication of HBV and HCV infections and appropriate treatment
and effective treatment of NAFLD. As noted, the prevalence of
NAFLD is increasing; current medical treatments are not par-
ticularly effective and nonmedical interventions are generally
ineffective.

Detection of HCC

Limitations of the Current Guidelines for Screening
and Surveillance of HCC

Currently, the American Association for the Study of Liver
Diseases (AASLD) recommends surveillance for HCC with liver
ultrasound every six months for at-risk populations of individu-
als chronically infected with HBV including: Asian men over age
40 years and Asian women over age 50 years, patients with a
family history of HCC, patients with cirrhosis, and Africans over
the age of 20 years (19,20). Surveillance is also recommended
by AASLD for patients with non-HBV cirrhosis (eg, those with
HCV or alcoholic cirrhosis). The World Health Organization
(WHO) recommends surveillance for HCC with liver ultrasound
and serum alpha fetoprotein (AFP) levels every six months for
HBV-infected patients with cirrhosis or family history of HCC
and conditionally for those over the age of 40 years. Importantly,
WHO recommends that surveillance be done only where abla-
tive and/or surgical therapies are available to treat early lesions.
As such, screening to identify those at risk is not generally done
in low-income countries where interventional therapies are not
available. Ultrasound for screening is also not available in many
low-income countries, highlighting the need for better serologic
markers for HCC with higher sensitivity and specificity than AFP,
which has a high rate of false-positive results.

One issue of much discussion at the workshop was the need
for a more specific definition of “at-risk” individuals. The current
screening and surveillance approach (semi-annual ultrasound,
blood tests) is around 70% to 80% effective in detecting HCC, and
80% to 90% specific (20,21,22,23). Who are the other 20% to 30%
that the guidelines miss, and how do we reach them? Applying
current methods to these populations broadly (eg, HBV-positive
without recognized cirrhosis or younger than age 40 years)
would result in many false positives. There are now a variety
of different ways to assess the risk of HCC for different catego-
ries of patients with liver disease (eg, patients with chronic HBV
infection, patients with cirrhosis of different causes, patients
awaiting transplant, the general population in high-incidence
regions).

There are also issues with the two main modes of detection
of HCC for surveillance, ultrasound and serological biomarkers.
Although ultrasound is generally inexpensive, noninvasive, and
widely available, the quality is operator-dependent and highly
variable, and obesity (a problem particularly in North America)
impacts efficacy of ultrasound considerably. The AASLD guide-
lines discuss the need for ultrasonographers to undergo special
training (similar to that done for mammograms) (19).

The advantages of biomarkers are that they are very inex-
pensive, very widely available, and generally require only a
blood sample. The disadvantages of currently available bio-
markers are that they can be insensitive (particularly for small
tumors), are not highly specific (yielding false positives), and
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some are also markers of advanced disease (and are therefore
unsuitable for early detection). The most well-studied and com-
monly used biomarker is serum AFP; however, sensitivity and
specificity are limited and AASLD does not recommend AFP as a
stand-alone screening approach. In addition, some liver tumors
do not express AFP.

Implementation of Screening and Surveillance
Guidelines: Areas of Need

The majority of HCC cases diagnosed in the United States do not
come through cancer screening and surveillance. For some, the
diagnosis of chronic HBV infection first occurs when they are
diagnosed with HCC, but many who have been diagnosed with
HBV have not been followed. They are outside of the continuum
of care (risk assessment, primary prevention, detection, diagno-
sis, cancer treatment, recurrence surveillance, and end-of-life
care) that is in place for other types of cancer (24).

Several barriers to the implementation of guidelines for HCC
surveillance were discussed at the workshop. High-quality evi-
dence for the effectiveness of HCC surveillance is lacking, and it is
unlikely that sufficient studies would ever be conducted to obtain
what would be considered high-quality evidence. In addition,
practitioners may fail to recognize the presence of liver disease
or to initiate and maintain screening for HCC in those found to
have liver disease or a chronic viral hepatitis infection (25). The
authors are unaware of any studies showing that surveillance
can be maintained every six months for more than a few years,
and patient surveillance visits tend to drop off over time. A retro-
spective study of about 5000 insured, noncirrhotic HBV patients
in the United States found that only 6.7% of patients were in full
compliance (defined as one liver ultrasound every 6 months) over
the time period assessed (2006-2010). About 60% had incomplete
compliance (one or more ultrasounds over the observational
period), and about 34% had no surveillance at all. Patients were
less likely to be screened if they had HBV/HIV co-infection or lived
in arural area (26). One study demonstrated increased compliance
by issuing reminders through the electronic health record (EHR)
system. Providers were prompted to perform liver ultrasound for
patients with cirrhosis who had not received surveillance in the
preceding six months (27). Another barrier to implementation in
many cases is the lack of reimbursement for screening.

Improving Early Detection

Hepatitis flares can occur in people with HBV infections in asso-
ciation with cancer chemotherapy and immunosuppressive
treatment of nonmalignant diseases (eg, rheumatoid arthritis)
(28,29). While some institutions are beginning to implement
programs to screen patients for HBV prior to these treatments,
this is not widespread.

New approaches to HCC screening being studied include
assessment of noninvasive markers of liver fibrosis and a nonin-
vasive transient elastography technique to assess liver stiffness
(an indicator of fibrosis). The specificity of tests for noninva-
sive serologic markers of liver fibrosis is good for differentiat-
ing advanced from nonadvanced fibrosis, but sensitivity is low.
Assessing liver stiffness is a bedside procedure that can be done
in the clinic and provides immediate results with less sampling
error (30,31). However, there is a higher failure rate in patients
with a high body mass index (BMI).

Functional assays for liver enzymes could potentially be
used to identify patients who are at risk for developing HCC.
Researchers are looking at a variety of liver-associated proteins.

One recent example is liver-type fatty acid-binding protein
(L-FABP) that is decreased in HCC (32), although it would be
better to have a functional marker that increases rather than
decreases. Changes in the viral genome have been observed in
association with HCC, for example, mutations in the HBV reverse
transcriptase domain (33). It is not yet known when these types
of changes occur. Could they be observed a year or two, or more,
before diagnosis? There are also reports from genome-wide
association studies (GWASs) of single-nucleotide polymorphism
(SNP) associations with HCC. One example is MHC class I pol-
ypeptide-related sequence A (MICA), which is associated with
progression from cirrhosis to HCC (34). However, GWAS studies
of liver cancer, as well as other types of cancer and other dis-
eases, have not been successfully reproduced.

A Focus on Biomarkers

A topic of much interest and discussion at the workshop was
the role and potential of biomarkers for early detection and sur-
veillance of both primary HCC and recurrences for detection of
AFP-negative HCC and for risk stratification of patients for sur-
veillance and potential intervention. Biomarkers could also have
a use in precision medicine (personalized therapeutic strategies)
and in predicting prognosis/response to treatment, as well as for
enrichment of therapeutic clinical trial populations. Biomarkers
could potentially play an important role in the developing world,
where access to ultrasound is limited. Biomarker-based algo-
rithms incorporating laboratory values and demographic data
are being developed and evaluated for use in assessing risk of
HCC (35).

Potential genetic markers of HCC (eg, HBV genotype varia-
tions, DNA mutations, methylation, HBV-host DNA junction
sites) are also being studied. For example, retrospective analysis
in archived liver tissue of an HCC gene signature was used to
stratify patients into high-, intermediate-, and low-risk groups.
The results show that the patients in the high-risk group had
an annual HCC incidence of about four times that of those who
were predicted to have a low risk (36). Although there are many
potential genetic biomarkers described in the literature, none
have been implemented clinically to improve care (37). In bring-
ing a biomarker to the clinic, the detection platform is very
important, and the ability to use a noninvasive (eg, blood, urine,
saliva) test at the point-of-care would be desirable (vs laboratory
diagnosis).

A biomarker for HCC should: be a robust surrogate for a par-
ticular clinical stage, have a low false-positive rate, be nonin-
vasive/less invasive, improve clinical performance of the tools
already available in routine practice, and be biologically relevant
with functional pertinence to an outcome (38). Specific areas for
further attention relevant to biomarker research could include:
promising genes/biomarkers for characterizing HCC, consensus
tumor subtypes and molecular classification, biomarker-guided
interventions, using treatment-specific biomarkers to predict
patient response to treatment, circulating biomarkers, the role
of the microbiome in HCC (especially intestinal flora), and the
development of biobanks and information commons.

HCC is not a single disease, and different etiologic factors
contribute to tumor biology including demographics, environ-
mental factors, and lifestyle. The biologic and genetic heteroge-
neity of tumors adds to the challenges of treatment (including
differences between patients with the same cancer type, as
well as differences within a patient’s tumor). A systems biology
strategy to address tumor heterogeneity and improve outcomes
for liver cancer patients includes a robust biobanking system
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Table 1. Workshop highlights*

Understanding the incidence of HCC
* More detailed/accurate incidence data are needed.
o Accurate incidence data are lacking in some parts of the world (sub-Saharan Africa, parts of Asia, the Middle East).
o The biology of HCC may be different for different etiologies. Look at the effectiveness of surveillance by etiology.
o More information is needed on the role/impact of HBV genotype on incidence.
o HCC in younger individuals is being observed (persons under the age currently recommended for screening by AASLD). This may be as-
sociated with specific genotypes.
Detection of HCC: bringing patients into care
e For many other cancers, early diagnosis does not necessarily require screening; however, for HCC screening it is essential. The evidence of
the value of HCC screening is strongest for viral etiologies but is much less robust for other etiologies (alcoholism, NAFLD).
¢ Most patients have unresectable HCC at the time of diagnosis (had not been in screening programs, were not aware of their risk status).
There is poor compliance with current HCC screening guidelines among both patients and providers. Creative ways to improve compliance
are needed.
o Incorporate prompts/reminders for providers into EHR systems; send reminders to patients every 6 months.
o Task shifting to enhance compliance. Train midlevel practitioners (eg, nurse practitioners, physician assistants) in HCC screening and
surveillance. (Could the Patient-Centered Outcomes Research Institute [PCORI] study the impact of task shifting on compliance?)
e Even if current screening and surveillance guidelines were followed faithfully, it is estimated that 20% to 30% of cases will be missed. Cur-
rent approaches are 70% to 80% sensitive, and 80% to 90% specific in detecting HCC.
o Need to identify HCC in low-incidence populations (those who fall outside of the current surveillance guidelines).
o How to address the high potential for false positives in screening lower-risk populations?
Need better use of biomarkers and algorithms in HCC screening and risk stratification.
o Is there a need for different biomarkers/algorithms for different subpopulations (eg, those with low AFP; young age; female; genotype-
associated, HBV-positive without recognized cirrhosis)?
e Collect biospecimens as part of surveillance (blood, serum, plasma, urine, and tissue) for use in future studies.
Medical management of HCC
¢ Reduction in HCC mortality will come from preventing viral hepatitis, finding and treating cases of chronic viral hepatitis, finding tumors
early, and treating those early tumors.
e Need to emphasize the prevention of chronic viral hepatitis.
o Many clinics that treat underserved populations, many of which are at high risk for chronic viral hepatitis, do not follow the guidelines
for HBV screening and treatment.
o Propose a PCORI study using the Hepatitis B Foundation HBV screening and management algorithm (49) in some of these clinics.
o Promote the timely administration of the birth dose of HBV vaccine; encourage funders of global vaccine initiatives to provide the birth
dose in resource-constrained countries that are disproportionately impacted.
e The heterogeneous nature of HCC makes it unlikely that a single therapeutic agent will be universally effective.
Develop the potential of biomarkers for management of HCC:
o Molecular-targeted therapies for subtypes of HCC.
o Need efficient, rapid, cost-effective systems to assess hypothetical molecular targets. (eg, new tissue explant methods).
o Predict prognosis/treatment outcome.
o Enrich preventive and therapeutic clinical trial populations.
¢ Spontaneous immune responses are frequently observed in patients with HCC. Study the potential of immune checkpoint disrupters, alone
or in combination with other therapies.
e Employ case review by a multidisciplinary tumor board to determine treatment strategy.
Areas for further study/action
e Treatment of chronic viral hepatitis:
o What is the impact of therapeutic intervention for HBV on HCC risk?
o Does antiviral treatment (polymerase inhibitors) of those with low viral load but strong family history of HCC reduce their risk?
o Should patients who have had ablation for HCC and have very low viral loads receive antivirals treatment?
o Are biomarkers of HCC affected by treatment of chronic HBV infection?
Link studies to proper biosample repositories.
e How to detect (and treat) the fastest growing tumors?
Link validation type studies to outcome (not just a comparative marker result but actual outcome).
Need large cohort studies of comparative effectiveness in treated populations.
o Need biomarkers and other intermediate outcomes measures.
o Build outcomes studies into screening and surveillance initiatives.
¢ Need data on the progression and regression of fibrosis (eg, regression in HCV patients who have been treated and cured or HBV patients
who have been virally suppressed). If fibrosis regresses below a certain level, is surveillance still needed?
Investigate further the reported association between statin use and reduced risk of HCC.
¢ Ask the National Cancer Institute to review HCC under the Recalcitrant Cancer Research Act of 2012.
e Survey current insurance coverage/reimbursement of HCC surveillances tests recommended by the guidelines (ie, ultrasound).
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* AASLD = American Association for the Study of Liver Diseases; AFP = alpha fetoprotein; EHR = electronic health record; HBV = hepatitis B virus; HCC = hepatocellu-
lar carcinoma; HCV = hepatitis C virus; NAFLD = nonalcoholic fatty liver disease; PCORI = Patient-Centered Outcomes Research Institute.
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(blood, serum, plasma, urine, and tissue) that can be used for
omics-based classification and clinical and histopathology
classifications (39). These integrated data can then inform the
implementation of biomarker-guided interventions (eg, screen-
ing for/predicting diagnosis, prognosis, treatment response,
drug toxicity) with the goal of improving patient outcome.

Treatment of HCC

Limitations of Current Staging and Treatment
Guidelines

Many liver cancer staging systems are used around the world,
each with strengths and weaknesses. Prominent systems dis-
cussed at the workshop included the Barcelona Clinic Liver
Cancer (BCLC) Staging System (19,20) and the Hong Kong Liver
Cancer (HKLC) Staging System (40). Per BCLC, for example, the
curative treatments recommended for very-early-stage (0) and
early-stage (A) “curable” small tumors have been transplanta-
tion, radiofrequency ablation (RFA), and resection (depending on
number and size of nodules and suitability of the patient for
transplant). For intermediate-stage (B) multinodular HCC, the
BCLC-recommended palliative treatment is transcatheter arte-
rial chemoembolization (TACE), and for advanced-stage (C) HCC
with portal invasion the only palliative treatment is the mul-
tikinase inhibitor sorafenib. Per BCLC, patients with terminal-
stage (D) HCC receive symptomatic treatment and supportive
care. Participants discussed that there are differences among
the many staging systems that can lead to differences in treat-
ment. There are variations in staging systems relative to, for
example, the definitions of early, intermediate, and locally
advanced tumors, and the criteria for when a patient would be
considered to be resectable, would be considered transplant eli-
gible, or would receive only supportive care. A variety of retro-
spective studies have sought to compare survival for patients
theoretically triaged based on different systems. However, it is
important to recognize the differences in how the systems were
developed when comparing outcomes. For example, BCLC was
developed using data from untreated patients, while HKLC was
developed using data from treated patients.

In the United States, HCC treatment triage varies from center
to center. Despite the guidelines, day-to-day practice is often
institution specific and based on resources (eg, whether the
institution is a transplant center or not). A better approach for
the patient would be case review by a multidisciplinary tumor
board to determine appropriate treatment strategy.

Methods of Treatment: Areas of Need

Concerns were raised by workshop participants about patients
waiting on a transplant list when they could be treated by a
nontransplant method. Many institutions argue that patients
should be bridged by ablation or resection and not listed on the
transplant list. Then, if HCC recurs, it generally recurs at a stage
that qualifies them for placement on a transplant list.

There are a host of other treatment-related issues that
merit further consideration, such as: the HCC recurrence rate
following ablation; the best therapeutic approach for early,
small lesions (~2cm tumor); the value of HBV antiviral therapy
after resection (regardless of viral load); the high cost, limited
life extension, and often use-limiting side effects of sorafenib
(41,42,43); and the potential of statins in reducing the risk of
HCC (44). Better definition of the indications for and limits of

TACE are also needed. There are not sufficient data on which
category of tumor responds best to TACE or to define TACE fail-
ure/stopping points.

Better treatments for HCC are needed for both early- and
advanced-stage tumors. Spontaneous immune responses are
frequently observed in patients with HCC (45), including tumor-
specific immune responses to ablative tumor therapies (46).
Immunotherapy trials are needed to study antitumor immune
responses induced by the combination of local tumor treat-
ments and immune checkpoint inhibitors (which block the
immune response-dampening effects of the immune check-
point, thereby potentially enhancing the immune response to
the tumor).

Another investigational treatment approach is molecular-
targeted therapies for subtypes of HCC. Further study is needed
to understand the true mechanisms of action of a product
that appears to have a therapeutic effect for only a subgroup
of patients. An efficient, rapid, cost-effective system to assess
hypothetical molecular targets would help to advance identi-
fication of new investigational products. One early-stage/con-
ceptual approach to link responsiveness to specific compounds
with specific tumor subtypes is histological assessment of sur-
gical tissue specimens (including phenotypic assessment after
tissue culture with a targeted therapeutic compound, as well as
molecular profiling to define tumor molecular subclass) (47,48).
Predicting molecular subclass based on clinical histological
features could also help to enrich the patient population in tar-
geted clinical trials or to rescue shelved investigational drugs for
use in specific subtypes of HCC.

Moving Forward

Reduction in liver cancer mortality is not going to come from
treating advanced-stage (BCLC-C) HCC. It will come from pre-
venting chronic viral hepatitis, finding and treating cases of
chronic viral hepatitis, finding tumors early, and treating those
early tumors. For prevention, there is an effective vaccine for
HBV. An approved vaccine for HCV, however, is likely to be a long
way off. Prevention of transmission of disease is difficult for HCV,
and the populations most at risk are hard to reach (eg, IV drug
users, aboriginal populations in Canada). Participants agreed
that case review by a multidisciplinary tumor board is the best
approach for the management of patients who have already
developed HCC. The tendency is to apply the tool most readily
available to the provider or the facility (eg, a patient referred to
a surgeon tends to get surgery, while a patient referred to an
interventional radiologist tends to get treatments that fall under
their purview). Although the treatments may be effective, they
might not necessarily be the best treatment for that particular
individual. There is also a need to better understand the nature
of the US-based HBV population. Research for HBV lags behind
other diseases in having a systemic way of identifying patients
at risk of progression and implementing prevention and thera-
peutics. Better use of existing systems (eg, automated datasets,
electronic health records, state databases for mandatory report-
ing of HBV) could help to address this gap and connect people to
care. Areas for further research and action that were discussed
throughout the workshop are summarized in Table 1.
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