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Introduction
This chapter reviews eight key concepts:

» Screening and surveillance

+ Diagnosis

+ Staging

* Treatment response

» Target population for screening and surveillance
» Target population for diagnosis

» Target population for staging

» Target population for treatment response

It also briefly reviews the imaging methods recommended for screening and surveillance, diagnosis,
staging, and treatment response assessment.
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Terminology and Definitions

Screening and surveillance

Surveillance. Surveillance refers to the programmatic and repeated application of tests to detect a
disease of interest (i.e., HCC in this case) in a-well-defined target population.

* Such a program utilizes standardized tests (e.g. laboratory or imaging) to detect disease before
symptoms manifest.

+ The goal of early detection is to permit application of effective and possibly curative therapy to
prolong or improve quality of life even after adjusting for lead time and length biases.

* To be successful, a surveillance program should incorporate quality control processes and be
paired with effective call-back and diagnostic procedures.

Screening. The initial application of a test or tests in a surveillance program is called screening. This
aims to detect prevalent disease (i.e., HCC present at time of initial testing) in the target population.

Subsequent application of the same test or tests at a standard, repeated time interval is called
surveillance. It aims to detect incident disease (i.e., HCC that develops after initial testing).

Ideally, surveillance tests should be safe, inexpensive, and acceptable to patients, while having high
sensitivity and wide availability. Specificity is also important to reduce the frequency of false-positive
interpretations, which trigger unnecessary follow-up procedures and may cause physical and/or
psychological harms to patients.

Diagnosis

Diagnosis refers to the process by which more definitive tests are applied to establish the presence
of disease. Usually, these provide more complete characterization of suspicious abnormalities
detected during surveillance or of lesions discovered incidentally on exams done for other purposes.

Ideally, diagnostic tests should have high specificity, so the presence of disease (i.e., HCC) can be
confirmed, while assessing the entire liver, so that the intrahepatic burden of disease can be defined.

Imaging plays a critical role in HCC diagnosis: unlike most human cancers, the diagnosis of HCC
sometimes can be established, and treatment rendered, based on noninvasive imaging without
biopsy confirmation. Even when biopsy is needed, imaging usually is required to guide the biopsy
and to inform additional diagnostic and therapeutic decisions.



(PP L-raos: vaots LI-RADS Populations

CT/MRI Manual

Terminology and Definitions

Staging
Staging refers to the process of determining the extent to which the cancer has spread.

There are many staging systems for liver cancer. All incorporate data on the number and size of
HCC nodules in the liver, the presence of vascular invasion, and the presence of extrahepatic
metastases; these data are determined mainly by imaging with biopsy reserved for safely accessible
lesions in difficult cases.

Some staging systems such as BCLC also incorporate functional status, because this information
helps to determine prognosis and guide treatment selection.

Treatment response assessment

Treatment response assessment refers to the process of determining the tumor burden after a
therapy has been applied.

For HCC, this assessment is made mainly on imaging, based on changes in the size and
enhancement patterns of treated tumors. Assessment of treatment response is a rapidly evolving
field that requires awareness of the applied treatment(s) and their chronology, as well as familiarity
with the expected imaging appearances associated with each therapy.
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Terminology and Definitions

Target population for screening and surveillance

The target population for screening and surveillance refers to the group of individuals in whom
screening and surveillance is judged to be cost effective. In general, these are individuals with
substantially elevated risk of developing the disease in question (i.e., HCC in this case) and in whom
the detection of early asymptomatic disease can prolong or improve the quality of life by enabling
timely application of effective treatments. A necessary requirement is that patients’ overall health is
sufficiently good that they can tolerate and benefit meaningfully from those treatments.

Target population for diagnosis

The target population for diagnosis refers to the group of individuals in whom a particular type of
diagnostic test (such as multiphase CT or MRI) or a particular diagnostic system (such as LI-RADS)
is judged to be accurate.

Similar to screening and surveillance, the accuracy of diagnostic tests relies on the pre-test
probability of disease. Hence, diagnostic algorithms such as LI-RADS should be applied only in
high-risk populations. However, to achieve the required high positive predictive value, there is an
additional criterion — these individual must have low risk of developing other conditions that may be
mistaken for the disease in question by the diagnostic tests or system. This is explained in more
detail on page 2-7.

Target population for staging

The target population for staging refers to the group of individuals in whom a diagnosis of a
particular disease is established (HCC in this case) and in whom staging is desired. It is usually a
subset of the target population for diagnosis.

Target population for treatment response

The target population for treatment response refers to the group of individuals in whom a
locoregional treatment was applied a particular type of tumor (i.e., HCC or presumed HCC in the
case of LI-RADS). It is usually a subset of the target population for diagnosis and staging.

The LI-RADS treatment response categories apply only to observations treated with locoregional

therapies. Radiologists should use their judgment or response criteria such as modified RECIST to
assess response after systemic therapy or resection.

The next few pages discuss the following populations in more detail:

» Target population for HCC screening and surveillance
» Target population for HCC diagnosis

2-4
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Target Population for HCC Screening and Surveillance

Target population for HCC screening and surveillance

+ This target population is defined by estimated cost effectiveness: namely, adult patients in whom
screening and surveillance is estimated to be cost effective for prolonging or improving the quality
of life. Prerequisites are that patients have high risk for developing HCC and sufficiently good
overall health to tolerate and benefit meaningfully from treatment if found to have cancer.

» Various major societies have issued guidelines defining this target population.

HCC surveillance recommendation by major societies for adults

North American

societies
EASL- us
JSH 2014 A;(ﬁzl' NT:LCC g(ﬁ-s EORTC AQOSJBD LI-RADS
2012 2017
HBV cirrhosis + + + + + +
Child-
HCYV cirrhosis Pugh + + + + + +
AorB
Other causes of
. : + — + + + +
cirrhosis
Cirrhosis, Child-Pugh C, _ _ _ _ _ _
not awaiting liver transplant
Cirrhosis, Child-Pugh C,
e — — — + + +
awaiting liver transplant
Non-cirrhotic HBV carriers + — — + 2 +b +
Chronic HCV with bridging + _ _ _ _
fibrosis but not cirrhosis *
Chronic HCV without + _ _ _ _ _
bridging fibrosis or cirrhosis
“+”: Recommended; “—": Not recommended; JSH - Japan Society of Hepatology; APASL - Asian Pacific Association for

the Study of the Liver; KLCSG-NCC - Korean Liver Cancer Study Group and the National Cancer Center; EASL-EORTC -

European Association for the Study of the Liver-European Organization for Research and Treatment of Cancer; AASLD -

American Association for the Study of Liver Diseases

a. EASL-EORTC recommends surveillance in chronic HBV carriers with active hepatitis or family history of HCC

b. AASLD recommends surveillance in chronic HBV carriers if Asian men > 40 yo, Asian women > 50 yo, African or
African American, or family history of HCC.

. Note: US LI-RADS 2017 has adopted the same target population for surveillance as AASLD
! Note: no society recommends routine surveillance in children, regardless of risk factors
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Target Population for HCC Screening and Surveillance

* In addition to those listed on the prior page, numerous other factors convey HCC risk.

* In general, these additional risk factors do not elevate the risk of HCC sulfficiently to justify routine
screening and surveillance. Enroliment in a surveillance program is not formally recommended by
major societies since the cost effectiveness is thought to be low.

* These additional risk factors are listed below:

Additional risk factors for HCC (routine surveillance usually not recommended)

* HBV carriers: Asian men < 40 yo, Asian women < 50 yo
* HBV carriers: high viral load

+ HBV and HCV coinfection

* Non-cirrhotic NASH

* Older age
. Male sex In absgnce of cirrhosis or
other risk factors listed on

prior page, these additional

* Diabetes mellitus

* Obesity risk factors do not warrant
* High AST or ALT enrollment of patients into a
« Low platelet count screening and surveillance

« Excess alcohol consumption program

+ Family history of HCC
+ Aflatoxin exposure
+ Smoking

HBV: hepatitis B virus, HCV: hepatitis C virus, NASH: nonalcoholic steatohepatitis, AST: aspartate
aminotransferase, ALT: alanine aminotransferase
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Target Population for HCC Diagnosis

Target population for HCC diagnosis

« This target population is defined by by a set of inclusion and exclusion criteria, where the patient
should have at least one inclusion criterion and none of the exclusion criteria.

» These criteria describe patients in whom the pretest probability of HCC is sufficiently high and the
pre-test probability of lesions mimicking HCC is sulfficiently low that an observation meeting HCC
imaging criteria can be assumed confidently to be HCC.

LI-RADS Inclusion and exclusion criteria

Inclusion criteria

Cirrhosis

Chronic HBV
carriers

Current or prior
HCC

Exclusion criteria

Cirrhosis due to
congenital hepatic
fibrosis or vascular
disorders

Age < 18 years

Rationale

+ Patients with cirrhosis have substantially elevated risk of developing HCC.

+ 70-90% of patients with HCC have underlying cirrhosis.
+ HCC is by far the most common cancer in cirrhosis.
» Imaging can provide near-100% PPV for HCC in patients with cirrhosis.

» Chronic HBV carriers have elevated risk of developing HCC even in the
absence of cirrhosis, mainly because HBV has direct oncogenic effects.

+ 20-50% of chronic HBV carriers with HCC have no cirrhosis.

+ HCC is the most common cancer in chronic HBV carriers.

+ Patients with current or prior HCC are included in the high risk population,
although scientific evidence for this is lacking.

» This assumption is concordant with clinical practice, where a new lesion
that meets imaging criteria for HCC is treated as HCC without
confirmatory biopsy in patients with current or prior HCC.

Rationale

« Patients with cirrhosis from congenital hepatic fibrosis or from vascular
disorders frequently have arterialized nonmalignant hepatocellular
nodules that may resemble HCC.

» The high prevalence of nonmalignant lesions whose imaging appearance
resembles HCC lowers the PPV of imaging for HCC diagnosis.

» Performance of LI-RADS has not been validated in pediatric populations.
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Target Population for HCC Diagnosis

LI-RADS diagnostic criteria apply ONLY in patients with or at high risk for developing HCC. The
criteria do NOT apply in general population.

Example: CT

Pre Arterial Phase PVP 3-min DP

APHE “Washout” “Capsule”
(nonrim) (nonperipheral) (enhancing)
If patient is high risk for If patient is NOT high risk
HCC for HCC

CT/MRI Diagnostic Table CT/MRI Diagnostic Table
Arterial phase hyperenhancement (APHE) No APHE APHE (not rim) Arterial phase hyperenhancement (ABAIE) APHE (not rim)
Observation size (mm) <20 220 <10 10-19 Observation size (mm) <10 10-19 220
Count major features: AED | Count major features: 7] L] m
SEREa e e e
« Threshold growth | >Two ‘ « Threshold growth LR-4

- Provide the most reasonable differential

diagnosis without using LI-RADS

CT above was performed in 53-year-old woman with NO risk factors for HCC. LI-RADS was NOT
applied. Further workup eventually established a diagnosis of focal nodular hyperplasia. Had LI-
RADS been applied, patient would have been diagnosed incorrectly with HCC, with potential for
serious psychological, physical, and financial harms.



(PP L-raos: vaots LI-RADS Populations

CT/MRI Manual

Target Populations Compared:
Screening/Surveillance vs. Diagnosis

The screening/surveillance target population and the diagnostic target population may differ

In some patients, LI-RADS is applicable for diagnosis but screening and surveillance are not
appropriate (e.g. patients with cirrhosis and short life expectancy due to non-hepatic disease).

In some patients, screening and surveillance may be performed but the LI-RADS diagnostic

algorithm should not be applied (e.g., patients with endstage liver disease due to vascular
disorders).
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Recommended Imaging Methods
HCC Screening and Surveillance

Recommended imaging methods for HCC screening and surveillance
The recommended initial imaging method for HCC screening and surveillance is ultrasound.
* Rationale:

« Ultrasound is safe, well tolerated, and widely available.
+ Ultrasound has been validated for HCC screening and surveillance in prospective studies.
* Ultrasound is advocated for this purpose by all major societies.

The use of AFP in addition to imaging is optional. See AASLD guidelines

What about CT or MRI for HCC screening and surveillance?

LI-RADS recognizes that many imaging centers perform contrast-enhanced CT or MRI rather than or
in addition to ultrasound for HCC screening and surveillance, due to sonographic limitations in obese
patients and in those with severe parenchymal heterogeneity due to cirrhosis.

LI-RADS recommends neither for nor against the use of contrast-enhanced CT and MRI for
screening and surveillance, deferring the choice of modality to radiologists, referrers, institutions,
and patients.

What about abbreviated MRI for HCC screening and surveillance?

LI-RADS recognizes that some imaging centers perform abbreviated or focused MRI rather than or
in addition to ultrasound for HCC screening and surveillance. These abbreviated or focused MRI
protocols are shortened versions of complete MRI protocols, typically consisting of only a few
sequences, and require about 10 minutes of scan time. Some of these protocols utilize extracellular
agents and others utilize hepatobiliary agents. See Chapter 12 for discussion of extracellular and
hepatobiliary agents.

There is insufficient data for LI-RADS to recommend for or against abbreviated MRI using either type
of contrast agent for HCC screening and surveillance.
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Recommended Imaging Methods
HCC Diagnosis

Recommended imaging methods for HCC diagnosis

The recommended imaging methods for HCC diagnosis are CEUS, multiphase CT, multiphase MRI
with ECA, and multiphase MRI with HBA.

« Rationale:

» Performed properly and interpreted stringently, each of these methods can establish the
diagnosis of HCC noninvasively.

Although published studies suggest that MRI may have slightly higher sensitivity with similar
specificity compared to CEUS or multiphase CT, LI-RADS recognizes that many factors beyond
reported diagnostic accuracy inform the selection of optimal imaging methods in individual patients.

These factors overlap and include:

« Patient factors: preferences, concerns, and convenience, breathhold capability, claustrophobia,
liver function, renal function, body habitus, presence of co-morbidities such as allergies, ascites or
renal failure that may affect image quality or exam safety

 Institutional factors: available technology and expertise, appointment scheduling and backlog

+ Lesion factors: number, size, LI-RADS category, and imaging features of observations on prior
exams if any

+ Financial: exam charge, insurance authorization and reimbursement

For these reasons, LI-RADS recommends neither for nor against any particular imaging method.
Instead, it recommends that the choice of method be tailored to the individual patient.

Multidisciplinary discussion is often helpful for guiding the optimal approach.
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Recommended Imaging Methods
HCC Staging

Recommended imaging methods for HCC staging

The recommended imaging methods for staging hepatic tumor burden are multiphase CT,
multiphase MRI with ECA, and multiphase MRI with HBA.

« Rationale:

* Each of these methods can visualized the entire liver and assess the hepatic tumor burden.
+ CEUS is not recommended for routine staging because this method does not reliably assess
the entire liver.

The recommended imaging methods for staging extrahepatic tumor burden are:

» Chest CT for detecting or excluding metastases in the thorax
*  Whole-body bone scan for detecting or excluding skeletal metastases
» Optional: pelvic CT or MRI for detecting or excluding metastases in the pelvis

HCC staging decisions should be made by a multidisciplinary team.

The distinction between imaging contexts may be blurred.
Screening/surveillance vs. diagnosis

+ Some imaging centers perform multiphase contrast-enhanced CT or MRI for screening and
surveillance, particularly in patients with technically limited ultrasound, large body habitus, or
cirrhotic liver with innumerable nodules preventing identification of distinctive nodules. In such
instances, the same modality is the screening/surveillance test as well as the diagnostic test.

+ Some patients with cirrhosis may not be in active surveillance programs, either because their
cirrhosis is clinically silent and therefore unknown, or because they are noncompliant with
surveillance recommendations. Such patients may have abnormalities detected incidentally on
imaging done for other reasons, rather than on a screening ultrasound.

+ In patients with an abnormality detected at surveillance ultrasound, CT or MRI may identify
additional abnormalities that were not visible on ultrasound but need characterization.

Diagnosis vs. staging

» Multiphase CT or MRI are used for diagnosis of HCC and for staging the hepatic tumor burden.
Thus, the same modality is used to establish the diagnosis of HCC and its intrahepatic extent.

+ LI-RADS provides the same imaging criteria for all observations, including the index lesion(s)
detected at screening or surveillance as well as any additional lesions encountered during
diagnostic workup or follow up.
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Recommended Imaging Methods
Terminology

LI-RADS adopts the terminology used by clinical practice guidelines

» LI-RADS refers to unenhanced US as a “screening or surveillance” test and refers to CEUS,
multiphase CT, and multiphase MRI as “diagnostic” tests to maintain concordance with clinical
practice guidelines.

+ Use of the terms “screening or surveillance” vs. “diagnostic” in this context are intended to clarify
the setting in which these imaging modalities are used and are not intended to imply differing
levels of quality or value between these modalities.
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Summary of LI-RADS® Target Populations

us CEUS CT/MRI CT/MRI
Screening & Diagnosis  Diagnosis &  Treatment
surveillance staging response
Apply in patients undergoing US for Comment:

HCC screening & surveillance 2
LI-RADS recognizes that US may be

Cirrhosis of Child-Pugh Aor B v suboptimal for HCC screening and
any etiology, - - surveillance due to severe
adult Child-Pugh C awaiting v parenchymal heterogeneity and/or
liver transplantation obesity.
Asian male > 40 yo v Some centers may elect to perform
CT or MRl instead of US for
, _ Asian female > 50 yo v screening and surveillance in select
Noncirrhotic patients.
HBV African or North Y ,
American black LI-RADS recommends neither fo.r. nor
against the use of these modalities
Family history of HCC v for this purpose.
Apply in patients at high risk for HCC:
Cirrhosis o v v v
Including liver
Chronic HBV transplant v v y
candidates
_ and recipients
Current or prior HCC v v v
Not
licabl
Do not apply in patients aAppicabie
Without the above risk factors X X X
< 18 years old X X X
With vascular disorders® or cirrhosis due
ith vascu i [ is du X X X

to congenital hepatic fibrosis

a. Listed above are the groups recommended by 2018 AASLD guidance for screening and surveillance. Other regional
clinical practice guidelines may expand the groups to potentially include:
» Adults with cirrhosis of any cause, regardless of Child-Pugh score
+ Some adults with chronic HBV infection even in the absence of cirrhosis
+ Some adults with chronic HCV infection even in the absence of cirrhosis

See your regional HCC clinical practice guidelines for details.

b. Vascular disorders of the liver include
« Chronic vascular outflow obstructions (cardiac congestion, pulmonary hypertension, Budd-Chiari)
Chronic sinusoidal obstructions (diffuse nodular regenerative hyperplasia)
+ Chronic inflow obstructions (occlusion or absence of portal vein)
» Hereditary hemorrhagic telangiectasia

Note: some vascular disorders can cause cirrhosis and others can mimic cirrhosis. See Chapter 4. 2-14
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LI-RADS® Target Populations — Caveats

Apply to observations
Visible at precontrast ultrasound
Do not apply to observations
Invisible at precontrast ultrasound
Apply for CEUS performed with
Pure blood-pool agents 2
Do not apply for CEUS performed with
Combined blood-pool and Kupffer-cell agents b
Apply for multiphase exams
CT or MRI with extracellular agents

MRI with hepatobiliary agents

Do not assign LI-RADS diagnostic categories to path-
proven:

Malignancies

Benign lesions of non-hepatocellular origin such as
hemangiomas

Assign LI-RADS treatment response categories after:

Locoregional treatment

Do not assign LI-RADS treatment response categories
after:

Systemic treatment or surgical resection

CEUS

Diagnosis

Not
applicable

Pending

X

CT/MRI

Diagnosis &

staging

Not
applicable

Not
applicable

CT/MRI

Treatment
response

Not
applicable

X

a. Blood-pool agents include Lumason® (in USA)/SonoVue® (outside USA) and Definity® (in USA, Canada)/ Luminity®

(outside USA, Canada)

b. Currently, the only combined blood-pool and Kupffer-cell agent is Sonazoid®
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