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Treatment response

LI-RADS® Treatment Response

LI-RADS Treatment Response Assessment is:

• A system for standardizing the image acquisition, interpretation, reporting, and data collection for 
HCC and other malignant lesions treated with locoregional therapy in high-risk patients . 

• Intended for routine clinical practice, education, and research.

• A dynamic document, to be expanded and refined as knowledge accrues and in response to user 
feedback.

• Supported and endorsed by the ACR.

• Developed by an international and multidisciplinary LI-RADS Treatment Response Working 
Group of diagnostic and interventional radiologists, hepatologists, and radiation oncologists 
through literature review and expert consensus.

Why is LI-RADS Treatment Response Assessment important?

• Enables clear communication between radiologists and other specialists caring for patients after 
locoregional therapy.

• Provides standardized terminology to facilitate data collection, quality assurance, and research.

• Provides a simple, practical system suitable for routine clinical practice for assessing treatment 
response in individual lesions.

• Prior systems (see below) were developed for clinical trials, emphasize overall patient response, 
and are not as well suited for routine clinical practice.

What are prior treatment response systems?

• RECIST (Response Evaluation Criteria in Solid Tumors), modified RECIST (mRECIST), and 
EASL (European Association for the Study of Liver Disease) provide criteria to assess overall 
patient response in clinical trials and retrospective studies assessing treatment response for HCC 
patients, rather than to assess individual tumors in routine clinical practice. 

• Concepts from mRECIST were adapted into the LI-RADS Treatment Response Algorithm for 
assessment of viability and tumor size measurements following treatment.

Why is LI-RADS Treatment Response Algorithm needed?

• Earlier versions of LI-RADS used LR-Treated as a placeholder; this category indicated whether a 
treatment had been applied but did not attempt to categorize the response. The new LI-RADS 
Treatment Response Algorithm provides standardized terminology as well as a comprehensive 
but simple system to assess treatment response, suitable for routine clinical practice.

9-1
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LI-RADS® CT/MRI Treatment Response: Populations

✓
Apply in patients to assess response for path-proven or presumed (e.g. LR-4, 
LR-5, LR-M) malignancy after locoregional treatment:

• Locoablative OR
• Transcatheter OR
• External radiation

Locoablative therapies: radiofrequency, microwave, 
ethanol ablations and cryoablation.

Transcatheter therapies: bland embolization, 
chemoembolization with or without drug-eluting 
beads, and radioembolization.

✘
Do not apply for treatment response assessment after:

• Systemic therapy Future versions of LI-RADS may address treatment 
response after systemic therapy.

Apply with caution for treatment response assessment after:

⚠
• Surgical resection
• Locoregional treatment 

in combination with 
systemic therapy

May apply with caution for postsurgical patients when 
assessing recurrence at the surgical margin, or in 
patients who undergo combined locoregional and 
systemic therapy. 

✓
Apply for multiphase exams performed with:

• CT or MRI with extracellular contrast agents (ECA) OR
• MRI with hepatobiliary contrast agents (HBA)

✘
Do not apply to:

• CEUS
• CEUS remains an area of active investigation for 

treatment response, and may be included in future 
iterations of LI-RADS Treatment Response 
Assessment.

Treatment response
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Pretreatment vs Posttreatment Imaging

Pretreatment Imaging

The roles of pretreatment imaging are to help:

• Diagnose and stage patients (see Chapter 10)
• Inform patient prognosis and management (see Chapter 11)

Some pretreatment imaging findings influence therapy selection, especially the number, size, 
location (e.g., proximity to major vessels and bile ducts) and appearance of tumors.

In most centers performing locoregional therapy for HCC, a multidisciplinary group (e.g. tumor 
board) helps select the most appropriate treatment option for a particular patient.

Posttreatment imaging

The roles of posttreatment imaging are to help:

• Assess treatment response, including residual tumor viability.
• Diagnose and stage untreated tumors elsewhere in the liver.
• Inform patient prognosis and management, including need for retreatment with same therapy or 

alternative therapy.

Posttreatment imaging usually is performed with CT or MRI  (see Chapter 12).

• Centers with the requisite expertise may assess treatment response with CEUS.
• CEUS LI-RADS Treatment Response Assessment algorithm is in development.

Follow-up posttreatment imaging may vary, depending on institution protocol, but is generally 
performed at: 1 month, 3 months, 6 months, 9 months and 12 months, and about every 3 - 6 months 
thereafter. 

Optimal imaging follow-up depends on the therapy used, planned future treatments (e.g. right 
followed by left hepatic radioembolization), and multidisciplinary discussion.

The interpretation of posttreatment imaging depends on the locoregional therapy used and the time 
interval since treatment. These issues are discussed in the remainder of this section.

Treatment Response
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Locoablative Therapies

What should the radiologist know?

Tumor ablation is defined as the direct application of tissue-destroying chemical material (i.e. non-
energy) or energy to eradicate focal tumors.

LI-RADS has adopted the unified terminology of ablative therapies released in 2014 by the 
International Working Group on Image guided Tumor Ablation, Interventional Oncology Sans 
Frontières Expert Panel, Technology Assessment Committee of the Society of Interventional 
Radiology, and the Standard of Practice Committee of the Cardiovascular and Interventional 
Radiological Society of Europe.

• Energy-based locoablative therapies apply energy to destroy tissue:

• Heat: i.e., radiofrequency ablation (RFA), microwave ablation (MWA)

• Cold: i.e., cryoablation

• Other forms of energy under investigation: 

• irreversible electroporation (IRE): high-voltage, low energy DC current to create nanopores 
in the cell membrane, inducing cell death by initiating apoptosis.

• ultrasound
• laser

• Chemical-based therapy: e.g. percutaneous ethanol ablation (PEA).

Definitions of energy-based therapies

Radiofrequency Ablation 
(RFA)

Thermal ablative technique that creates heat with medium frequency 
alternating current (~350–500 kHz) to kill cells.

Microwave Ablation 
(MWA)

Thermal ablative technique using electromagnetic waves (~900-2450 
mHz). Repeated short-duration high-voltage electrical pulses injure the 
cell membrane to kill cells. 

Cryoablation Thermal ablative technique in which rapid gas expansion by inserted 
cryoprobes generate subzero cytotoxic temperatures to kill cells.

Percutaneous Ethanol 
Ablation (PEA)

Image-guided injection of ethanol into a mass to cause chemically-
induced coagulation necrosis in situ.

Treatment Response
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Locoablative Therapies

Complications relevant to radiologists

Thermal ablation-induced damage to adjacent structures within the ablation zone, including biliary 
injury and bowel perforation. 

Abscess can form in the ablation zone. Note that gas may be seen in the absence of infection for 
days or sometimes weeks post ablation. 

Arteriovenous shunt can develop along the probe tract.

Thrombosis of vessels, such as portal vein branches, can occur with RFA, MWA and PEA - more 
frequently with MWA compared to RFA due to higher power used. When both portal vein and 
hepatic artery are thrombosed, segmental or lobar infarction can occur.

Liver “cracking” causing catastrophic hemorrhage can occur during cryoablation.

Treatment Response

Posttreatment

Treated HCC

Venous thrombosis

PVP
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Transcatheter Tumor Therapies

What should the radiologist know?

Transcatheter tumor therapy is defined as the intraarterial delivery of therapeutic agents via selective 
catheterization of arteries supplying the targeted lesion(s). 

The unique dual blood supply of the liver and arterial dependence of HCC, as well as most liver 
metastases, provides the rationale for the use of transarterial embolization techniques. A 
transarterial approach allows for targeted therapy for malignant tumors that limits the impact of 
treatment on the remaining non-tumor bearing parenchyma.

The need for multiple treatment sessions is common and does not constitute treatment failure, 
particularly for bulky or bilobar disease, as well as for tumors with multiple feeding arteries.

Definitions of transcatheter tumor therapies

Embolization 
(TAE)

Blockade of hepatic arterial flow with vascular occlusion 
particles (gelatin sponge, polyvinyl alcohol, or calibrated 
microspheres) to induce ischemia and necrosis. Ethiodized oil 
is no loger used. 

Conventional Chemoembolization 
(TACE)

Transarterial infusion of single or multiple chemotherapeutic 
agents with or without ethiodized oil and with or without 
concurrent or tandem embolization with vascular occlusion 
particles (see TAE above).

Drug eluting beads 
chemoembolization (DEB-TACE) 

Transarterial administration of microspheres onto which 
chemotherapeutic medication is loaded or adsorbed to provide 
sustained in-vivo drug release.

Ttransarterial embolization 
(TARE), sometimes known as 
radioembolization (RAE) 

Transarterial infusion of radioactive substances such as 
microspheres containing yttrium-90 (90Y), iodine-131 (131I), or 
similar agents.

Treatment Response
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Transcatheter Tumor Therapies

Complications relevant to radiologists

With TAE, complications include post-embolization syndrome (including nausea, vomiting, pain, 
fever; seen in up to 80% of patients) and non-target embolization (including: pancreatitis, pulmonary 
emboli, and ischemic cholecystitis). Rare events include liver failure, liver abscess, bile duct injury 
and cardiac arrythmias.

With any transcatheter tumor therapy, patients with intratumor AV shunts or other vascular 
abnormalities are at risk for unintended drug delivery to extrahepatic structures. Shunts or other 
vascular abnormalities discovered during intraprocedural angiography may require embolization 
prior to treatment delivery.

For TARE, the potential harm of nontarget embolization of extrahepatic organs (lungs, GI tract) is 
particularly high. Hence, hepatic angiography mapping and intra-arterial 99mTc-MAA scintigraphy are 
performed routinely in advance to detect and quantify pulmonary and gastrointestinal shunting. 
When necessary, preemptive embolization of shunting vessels is performed. 

Treatment Response
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External Beam Radiation Therapy

What should the radiologist know?

External beam radiotherapy (EBRT) delivers focused radiation beams from external sources to 
targeted tumor areas in the liver. 

EBRT using image guidance and complex treatment planning is referred to as Stereotactic Body 
Radiotherapy (SBRT) or Stereotactic Ablative Radiotherapy (SABR). 

SBRT/SABR provides an appealing alternative to other more invasive locoregional therapies for 
selected patients with liver-confined tumors. It can also be considered in patients with liver-confined 
tumors that are unsuitable or refractory to other locoregional therapies.

Complications relevant to radiologists

Normal liver tissue adjacent to a treated tumor may be injured by radiation, a process called 
radiation-induced liver injury (RILI).

Changes in the CT attenuation or MR signal intensity and enhancement pattern of the liver due to 
RILI may evolve over months. 

Late complications from EBRT include parenchymal scarring, capsular retraction, and biliary dilation.

Key Technical Details

The planning target volume (PTV) is the the volume of tissue comprising the entire tumor volume 
(TV) plus a margin to account for uncertainties in tumor localization. Some tissue outside of the PTV 
(“penumbra”) unavoidably receives low- and intermediate doses of radiation. 

Local control is the absence of disease progression on imaging studies in the treated field, (e.g. 
stable disease, partial response, or complete response by RECIST and mRECIST).

Local progression or recurrence occurs when local control fails, i.e., with growth of targeted tumor or 
new tumor developing within or the PTV.

Treatment Response

Tumor
Volume

Tissue outside PTV receiving radiation
(“penumbra”)

Planning target volume (PTV) =
Tumor volume + margin
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Imaging Techniques

What should the radiologist know?

Imaging is necessary after locoregional therapy to assess treatment response. The aim of imaging is 
to identify treatment success, complications, or presence of viable tumor, which may prompt 
retreatment or alternative therapeutic approaches. 

The Treatment Response Algorithm is based on posttreatment contrast enhancement patterns. 
Treatment-related changes in parenchymal perfusion may resemble or obscure tumor enhancement, 
potentially leading to false-positive or false-negative assessment of viability.

Multiphase CT and MRI are currently accepted imaging modalities for response assessment, with 
contrast enhanced US  (CEUS) still under investigation and reserved for select centers with the 
requisite expertise. Concepts relevant to each modality are described briefly below.

Contrast-enhanced CT (CECT)

In contrast to pretreatment imaging of HCC, noncontrast CT is helpful to identify the presence of 
iodized oil or hemorrhage and to more reliably characterize arterial phase hyperenhancement of 
viable tumor. Assessment of APHE on CECT can be challenging after therapies (e.g. TACE) that 
use iodized oil, which is hyperdense on precontrast CT and may obscure APHE.

MRI

Iodized oil is minimally seen on MRI, therefore, MRI is a potential alternative to CECT where 
hyperdense iodized oil limits the utility of CT.

LI-RADS ancillary features, such as T2 hyperintensity, diffusion restriction, and delayed hepatobiliary 
phase T1 hypointensity (with gadoxetate disodium), may help identify sites of suspected viable 
tumor on postcontrast imaging. However, these features themselves are not currently incorporated 
into the Treatment Response Algorithm, which is based entirely on vascular enhancement features. 

Subtraction imaging can help assess arterial phase and later enhancement, when T1 hyperintense 
signal is present on pretreatment imaging. The use of subtraction imaging for assessing washout 
appearance has not been established and should be used with caution.

Contrast-enhanced US (CEUS)

CEUS can assess treatment effect in a single lesion immediately post ablation, and enables 
additional ablation in the same treatment session when indicated. Iodized oil is minimally seen on 
CEUS, therefore, CEUS is a potential alternative to CECT where hyperdense iodized oil limits the 
utility of CT.

Treatment Response
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If locoregional treatment, assess treatment response

Treatment Response Algorithm)

The Treatment Response Algorithm was created to standardize the reporting of treated 
observations, regardless of the pretreatment LI-RADS category and varying enhancement patterns, 
subjected to any one or more locoregional therapy(ies). 

The response algorithm is similar to mRECIST in that it is based mainly on imaging assessment of 
arterially enhancing tumor, but it expands upon the mRECIST definition of tumor viability.

If treatment response cannot be evaluated due to image artifacts or omission, the treated lesion is 
categorized LR-TR Nonevaluable. Otherwise, the CT/MRI Treatment Response Table (page 9-11) 
should be applied.

Treated lesions should be measured by following the measurement instructions (page 9-13).

The Treatment Response Algorithm is applied lesion by lesion. Thus, one lesion may be LR-TR 
Nonevaluable while another may be LR-TR Nonviable. However, multiple LR-TR Nonviable 
observations may be reported in aggregate at the discretion of the radiologist. Further guidance is 
available in the Reporting of Treated Observations (page 9-15) and in the  Chapter 14.

Assessment of response at the patient level, or at the level of a hepatic lobe or segment for 
transcatheter therapy, is also performed at the discretion of the radiologist. Patient-level response 
may be addressed by using existing response criteria used in clinical trials, such as mRECIST, but is 
beyond the scope of the current version of LI-RADS.

Treatment Response

LR-TR Nonevaluable

LR-TR Nonviable 

LR-TR Equivocal

LR-TR Viable

If treatment response cannot be evaluated 
due image degradation or omission

Otherwise, use 
CT/MRI treatment response table

If probably or definitely not viable

If equivocally viable

If probably or definitely viable
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CT/MRI Treatment Response Table

If a treated observation is evaluable, the treatment response criteria for Nonviable, Equivocal, or 
Viable disease should be applied:

Definitions of posttreatment response categories

Response Category Criteria

LR-TR Nonviable No lesional enhancement OR
Treatment-specific expected enhancement pattern

LR-TR Equivocal Enhancement atypical for treatment-specific expected enhancement
pattern and not meeting criteria for probably or definitely viable.

LR-TR Viable Nodular, mass-like, or thick irregular tissue in or along the treated 
lesion with any of the following: 

• Arterial phase hyperenhancement (APHE) OR
• Washout appearance OR
• Enhancement similar to pre treatment

Treatment Response
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CT/MRI Treatment Response Table

LR-TR Nonviable

Absence of lesional enhancement favors nonviability. 

Terminology: Nonviable was chosen over ‘necrotic’ by the LI-RADS Tumor Response Working 
Group given that pathologic necrosis may not be present even in the absence of enhancement.

A few treatment-specific enhancement patterns may persist despite successful locoregional therapy, 
such as thin rim enhancement after embolization. These patterns should be recognized by the 
radiologist as LR-TR Nonviable. Examples are provided on the following pages.

LR-TR Viable

APHE in a nodular, mass-like, or thick irregular pattern is commonly recognized as viable disease 
after locoregional therapy. 

Washout appearance alone can be seen in viable disease, including for tumors that do not have 
APHE before treatment.

Some untreated tumors show atypical enhancement patterns, such as peripheral or rim-
enhancement. Similar enhancement after treatment should be recognized as viable disease.

While growth of an enhancing portion of the tumor on follow up imaging is often interpreted as 
evidence of tumor viability, it does not supplant the criteria for LR-TR Viable. Growing lesions usually 
display more nodular or mass-like enhancement over time. Thus, there is no threshold growth 
criterion for LR-TR Viable.

Treatment Response
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Treatment Response Measurements)

After applying the Treatment Response Algorithm, LR-TR Viable and LR-TR Equivocal tumors 
should be reported whenever possible with a single dimension measurement across the enhancing 
tumor, excluding intervening nonenhancing areas. 

Measurements can be performed on the arterial phase (for lesions with APHE) or other phases (e.g. 
for lesions with washout appearance), in any standard orthogonal imaging plane.

The LI-RADS Treatment Response Algorithm and measurement guidelines are modeled after 
guidelines from mRECIST which specify that enhancing tumors should be measured on arterial 
phase. However, LI-RADS also allows measurement of tumors lacking APHE.

The use of a single dimension for viable tumor measurements has shown substantial to excellent 
agreement within the context of mRECIST.

When reporting a single dimension for viable tumor is deemed insufficient by the reporting 
radiologist, they are encouraged to provide additional information on the treated lesion in their report 
to help guide the referring physician, which is further expanded on page 9-15.

Reporting the pretreatment LR-category and size for comparison provides the referring physician an 
estimate of the magnitude of response, which is further expanded on page 9-15.

Treatment Response

Nonenhancing 
area

How to measure thick irregular 
viable tumor

Enhancing 
area

Largest 
enhancing area

Nonenhancing area

How to measure nodular viable 
tumor
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Treatment Response Tie-Breaking Rules)

Apply tiebreaking rules if needed. In unsure between two categories, choose the one reflecting 
lower certainty, i.e. LR-TR Equivocal.

Treatment Response

LR-TR Nonviable LR-TR Equivocal LR-TR Viable

Lower certainty of 
nonviability

Lower certainty of 
viability
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Reporting of Treated Observations)

Overview

A full outline of posttreatment reporting is included in the reporting chapter (see Chapter 14, page 
14). Briefly, for patients with limited disease, report each treated observation individually, and include 
the observation’s pretreatment LI-RADS category and size for comparison. For example:

• LR-TR Nonviable (pretreatment LR-5, 22 mm)
• LR-TR Viable 20 mm (pretreatment, LR-5, 32 mm)

Providing the pretreatment category and size aids in identifying a patient’s eligibility for 
transplantation after treatment. In combination with the pretreatment size, providing the 
posttreatment size of viable tumor succinctly summarizes the magnitude of response.

Local tumor progression

Local tumor progression consists of new foci of disease in tumors that were previously considered 
as completely treated. The distinction between locally recurrent tumor or new disease growing 
adjacent to the original targeted area is often impossible, with no clear guidelines to distinguish 
between the two. If the radiologist identifies new disease separate from the treated area, the LI-
RADS CT/MRI Diagnostic Algorithm should be applied.

Downstaging

Downstaging refers to the application locoregional therapy to reduce the size and/or number of 
viable tumors. Patients downstaged from stage ≥ 3 to stage ≤ 2 may be eligible for liver 
transplantation exception points. Radiologists should report the number and size of viable tumors. 
Such patients should be discussed at multidisciplinary conference (tumor board). 

Nonviable tumor detected only after treatment

Occasionally, a nonviable tumor is detected by imaging only after treatment, with no corresponding 
observation on pretreatment imaging. In this scenario, a pretreatment category should not be 
assigned. Instead, the report should indicate that a nonviable treated observation is visible 
posttreatment, that its current category is LR-TR Nonviable, and that it was not seen pretreatment. 

Treatment Response
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Reporting of Treated Observations)

Congruency with OPTN in transplant candidates

OPTN designates treated OPTN-5 lesions as OPTN-5T. 

The (T) qualifier applies only to treated OPTN-5 lesions, including path-proven HCCs. It indicates 
that a treatment has been performed but does not reflect the presence or absence of viable tumor. 

OPTN does not provide guidance on assessing treatment response. Thus, there are no OPTN 
classes analogous to LR-TR Nonevaluable, Nonviable, Equivocal, or Viable.

Patients who are awarded exception points for HCC are evaluated repeatedly (every ≤ 3 months) to 
determine if they remain within T2 stage. While treatment response is essential for directing 
management, the treatment response (LR-TR category) does not impact exception point status. 
Thus, an OPTN 5T lesion remains OPTN-5T regardless of lesion viability. Nevertheless, unequivocal 
progression of treated viable tumors to beyond Stage T2 may result in the patient’s removal from the 
transplant list.

Patients with OPTN-5X observations do not qualify for automatic exception points as they are 
beyond T2 stage. These patients may still be considered for transplantation through regional review 
boards if they are downstaged successfully (see prior page).

Because OPTN is aimed at regulating MELD exception point status for transplantation eligibility, the 
system focuses only on definite HCC. OPTN does not provide guidance for treated or untreated 
observations that are probable or definite malignancies but that do not meet OPTN-5 criteria. These 
observations include LR-4, LR-M, and TIV. Most times these observations are managed through 
multidisciplinary discussion to establish T stage and transplant eligibility through pathological 
confirmation, additional or follow-up imaging, and/or correlation with serological tumor markers. 

LR-TIV and OPTN-5X are not synonymous. LR-TIV definitely due to HCC is classified OPTN-5X, but 
OPTN-5X also applies to T3 stage or T4 stage disease without TIV. LR-TIV due to a non-HCC 
malignancy makes the patient ineligible for transplant but is not assigned an OPTN Class, since the 
malignancy is not a definite HCC.

Similarly, nonviable tumors detected at imaging only after treatment, with no corresponding 
observation on pretreatment imaging, do not count as OPTN 5T, unless they are biopsied and 
shown at microscopic examination to contain viable HCC cells.

Treatment Response

9-16



LI-RADS® v2018 
CT/MRI Manual

Posttreatment Imaging Appearances

What should the radiologist know?

The radiologist should be aware of the type of locoablative therapy(ies) used and the intended
targets: tumor(s), segment, or lobe. Discussion with the treating interventionalist is helpful when 
needed.

As previously discussed, posttreatment imaging is interpreted according to the Treatment Response
Algorithm. Multiplanar reconstructions with CT and MRI can be helpful in evaluating for off-axial 
marginal residual tumor, for example at the superior rim of a treated cavity. 

This chapter will illustrate the expected posttreatment appearances after locoregional therapy, for 
commonly used energy-based and transcatheter tumor therapies, as well as external radiation 
therapy. Familiarity with common posttreatment appearances specific to individual locoregional 
therapy is necessary to distinguish between expected posttreatment enhancement patterns that 
imply nonviable disease from enhancing treated observations consistent with viable disease.

Common findings after locoregional therapy

Foci of gas can be seen for days or even weeks after locoablative and transcatheter tumor therapy. 
These are thought to represent nitrogen bubbles formed by negative pressure from contracting 
necrotic tumor, and should not be misinterpreted as gas from abscess or infection. 

T1 and T2 signal intensity may be variable posttreatment due to the presence of blood products. 

• Coagulation necrosis after MWA, RFA or PEA can cause T1 hyperintensity. Subtraction imaging 
on MRI may help to identify areas of enhancing tumor when T1 hyperintense signal is present.

Treatment Response

3 days posttreatment after PEA

Pre

Gas bubbles

1 month posttreatment

Pre

Gas bubbles resolve over time

1 month posttreatment after RFA

Pre 

T1 hyperintensity due to coagulation 
necrosis
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Posttreatment Imaging: RFA and MWA

What should the radiologist know?

The RF or MW ablation zone typically goes beyond the pretreatment tumor border with a margin of 
at least  5 mm, which should not be confused with increased lesion size. Ideally, no residual 
enhancement should be present after treatment (LR-TR Nonviable)

Reduction in size of the ablation zone begins around 6 months posttreatment, but the ablation zone 
may not disappear completely – a residual ablation zone can persist indefinitely

A linear area of nonenhancement can be seen corresponding to an RFA or MWA electrode track 
that is often ablated during removal to reduce the risk of hemorrhage and seeding.

Pre AP PVP DP

LR-TR Nonviable

No enhancementBlood products

Nonenhancing ablation zone Ablation zone contracting over time

PVP
1 month posttreatment after RFA

PVP
3 months posttreatment

PVP 
9 months posttreatment

LR-TR Nonviable

Treatment Response
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Posttreatment Imaging: RFA and MWA

What should the radiologist know? (Cont’d)

Perilesional hyperemia may be seen posttreatment, which resolves over time. When uncertain 
between perilesional hyperemia and residual viable tumor, assign a response of LR-TR Equivocal.

Nodular or thick, rind-like area of enhancement is interpreted as LR-TR Viable. 

Pre AP

Nodular APHE

LR-TR Viable

Posttreatment after RFA

Hyperdense coagulation 
necrosis in the ablation 

zone

Pre

Posttreatment after MWA

T1 hyperintense
coagulation necrosis

AP

Nodular APHE

LR-TR Viable

Posttreatment after ablation

Heterogeneous attenuation due to 
coagulation necrosis

Perilesional irregular APHE

LR-TR Equivocal

Pre AP

Pretreatment

APHE

AP

Treatment Response
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Posttreatment Imaging: Cryoablation

What should the radiologist know?

Ablation zones shrink over time and sometimes disappear completely, or result in focal hepatic 
atrophy, including capsular retraction or distortion of adjacent vessels.

A thin rim of peripheral enhancement (reactive hyperemia) around the ablation zone immediately after 
cryoablation and can last for up to several months.

Small gas bubbles can be seen in the ablation zone immediately after treatment, can persist for up to 
several weeks, and should not be interpreted as abscess in asymptomatic patients.

Low signal on noncontrast T1W imaging in the ablation zone is common in contradistinction to 
increased signal after RFA or MWA. 

Residual HCC may lack a washout appearance on the delayed phase images for up to 9 months after 
cryoablation; lack of this feature does not exclude viable tumor.

Biliary duct dilation is often seen after cryoablation, with damage to more central bile ducts, eventually 
resulting in segmental or lobar ductal dilation. 

Posttreatment after cryoablation

LR-TR Viable 

LR-TR Nonviable

Treatment Response

Posttreatment after cryoablation

PVPAPPre

Ablation  zone
Expected posttreatment thin rim enhancement

T1 hypointense ablation  
zone

Nodular APHE No “washout”

PVPAPPre
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Posttreatment Imaging: PEA

What should the radiologist know?

The treated area may be the same size or larger than the tumor before treatment initially.

By several months after treatment, the ablation zone decreases in size due to fibrosis and retraction.

Areas of nodular or focal enhancement along the periphery or within the treated mass during the 
arterial or portal venous phases favors viable tumor.

On precontrast CT, a treated mass may demonstrate gas bubbles several days post treatment if the 
gas was introduced during instillation of ethanol and for up to a month post treatment if the gas is 
associated with tumor necrosis (particularly if PEA was used as an adjunct to MWA or RFA).

On precontrast MRI, treated areas may demonstrate low signal intensity on T2-weighted images and 
high signal intensity on T1-weighted images, reflecting coagulation necrosis. 

LR-TR Viable 

Treatment Response

LR-TR Equivocal

Pretreatment 3 month posttreatment after PEA

AP PVP AP

APHE “Washout”
Minimal nodular 
enhancement

PVPAP PVPAP

Pretreatment 3 month posttreatment after PEA

PVPAP PVPAP

APHE “Washout” Nodular APHE No “washout”

LR-5

LR-5
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Posttreatment Imaging: TAE

What should the radiologist know? (Cont’d)

Thin linear rim enhancement of granulation tissue at the treated lesion’s margin may persist for 
months to years. Ill-defined geographic enhancement surrounding a treated lesion may be a 
transient posttreatment perfusional alteration, but should be scrutinized on subsequent studies to 
exclude viable tumor .

A noncontrast CT or cone beam CT can be performed within 20 minutes of treatment completion to 
evaluate as a marker technical success the distribution of retained contrast material administered
during the procedure. Incomplete coverage of the tumor is associated with residual tumor and may 
prompt further intervention, such as percutaneous ablation. 

AP: Pretreatment

APHE

Treatment Response

LR-TR Nonviable

AP: 3 month posttreatment after TAE

Expected posttreatment thin 
enhancing rim

LR-TR Nonviable

AP: 6 month posttreatment

Thin rim of enhancement 
decreases over time

AP: Pretreatment

APHE

20 min posttreatment 
after TAE

Ideal contrast retention 
posttreatment

LR-TR Nonviable

AP: 
3 month posttreatment

No enhancement

PVP: 
6 month posttreatment

No enhancement
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Posttreatment Imaging: TAE

What should the radiologist know? (Cont’d)

Randomly dispersed foci of gas within the treated lesion may be seen on CT for 2 weeks 
posttreatment. Gas typically resolves within 2 weeks, but can be present for 4 weeks.

Treatment Response

LR-TR Viable 

AP: Pretreatment AP: 2 months posttreatment AP: 18 months posttreatmentAP: 12 months posttreatment

LR-TR Nonviable 

APHE
No enhancement No enhancement

LR-TR Nonviable 

Nodular 
APHE

AP: Pretreatment AP: 3 months posttreatment AP: 6 months posttreatment

Possible 
nodular APHE

Enlarging 
nodular APHEAPHE

LR-TR Equivocal LR-TR Viable 
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Posttreatment Imaging: TACE and DEB-TACE

What should the radiologist know?

A thin, smooth, linear enhancing rim at the margin of the lesion may persist for months to years while 
ill-defined regional or geographic hyperenhancement surrounding the treated tumor may be a 
transient post-procedural perfusion alteration. 

Other forms of arterial enhancement, particularly nodular enhancement or thick, irregular, or 
asymmetric rim enhancement within or along the margin of the treated lesion favors viable tumor. On 
portal venous and delayed phases, viable tumor may or may not show washout appearance.

With TACE, ethiodized oil uptake in the tumor is intrinsically hyperdense to surrounding 
parenchyma, making it challenging to assess APHE. On short-term posttreatment follow up (~4
weeks), more oil uptake by tumor is associated with higher technical success rates, but if the 
evaluation of tumoral enhancement is impaired on CT, the LR-TR Nonevaluable category should be 
applied.

With TACE, both tumor with ethiodized oil uptake and necrotic tumor have low signal intensity on 
post-gadolinium MRI with no enhancement on subtraction imaging.

There is no retention of iodinated contrast after successful treatment with DEB-TACE, and most 
treated tumors will hypoattenuating on noncontrast CT compared to adjacent parenchyma. Drug 
eluting beads are not visible on MRI. 

Treatment Response

APHE, “washout” and “capsule” Expected thin rim of enhancement

LR-TR Nonviable 

Pretreatment Posttreatment after TACE

PVPAP PVPAP

LR-5
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Posttreatment Imaging: TACE and DEB-TACE

What should the radiologist know? (Cont’d)

Treatment Response

Posttreatment MRI 12 months after TACE

AP PVP

No residual enhancement on MRI

LR-TR Nonviable 

While ethiodized oil 
uptake throughout the 

tumor is associated with 
a good response, it 

precludes assessment 
of posttreatment 

enhancement on CT 

Posttreatment 
CT 9 months

AP

Hyperdense 
ethiodized oil

LR-TR Nonevaluable

Pretreatment

AP

APHE, “washout” and “capsule”

PVP

Posttreatment MRI after TACE

LR-TR Viable 

AP PVP

Nodular APHE No “washout”

Since ethiodized oil is barely or not visible on 
MRI, uptake of oil by tumor does not affect 
treatment response categorization on this 

modality
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Posttreatment Imaging: TACE and DEB-TACE

What should the radiologist know? (Cont’d)

•

Treatment Response

Posttreatment after DEB-TACE

LR-TR Viable 

Pre

No hyperdense ethiodized
oil (compare to TACE)

AP

Nodular APHE

PVP

“Washout”

No residual enhancement

LR-TR Nonviable 

9 month posttreatment

AP

Thick but smooth and 
nonnodular rim 
enhancement

LR-TR Equivocal

1 month posttreatment 
after DEB-TACE

AP

APHE

Pretreatment

AP
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Posttreatment Imaging: TACE and DEB-TACE

What should the radiologist know? (Cont’d)

Treatment Response

Unequivocally irregular rim 
enhancement

LR-TR Nonviable 

12 month posttreatments

AP

Equivocally asymmetric 
rim enhancement

LR-TR Equivocal

1 month posttreatment 
after DEB-TACE

AP

APHE

Pretreatment

AP
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Posttreatment Imaging: TARE

What should the radiologist know?

The embolic effect of TARE is less prominent compared to other transcatheter therapies. As a result, 
tumor enhancement can persist after TARE, even in a nodular pattern on early follow-up imaging, 
which may not indicate residual viable tumor. Imaging should be interpreted with caution during the 
first 6 months after treatment. Tumor necrosis after TARE is caused mainly by radiation, with 
delayed onset and slow time course. 

Treated tumor is often stable at 1 month posttreatment, decreasing in size over several months. In 
some instances, edema and hemorrhage may produce transient mild increases in apparent tumor 
size early after treatment.

Necrotic tumors become nonenhancing, but can exhibit rim enhancement (inflammatory changes 
caused by the treatment). 

Fibrosis can develop in the treated lobe, with volume reduction and capsular retraction, as well as 
compensatory hypertrophy of the contralateral hepatic lobe.

Patchy and ill-defined geographic regions of enhancement usually seen best on arterial phase can 
be seen in the treated vascular territory, mimicking diffuse heterogeneous tumor, but typically 
resolve over 1-5 months. 

LR-TR Equivocal

Treatment Response

1 month posttreatment after TARE

PVP

Decreased APHE “Washout”

AP

Pretreatment diffuse HCC

APHE and “washout”

PVPAP

3 months posttreatment

Expected posttreatment enhancement

LR-TR Nonviable 

PVPAP

LR-5
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Posttreatment Imaging: TARE

What should the radiologist know? (Cont’d)

Treatment Response

PVPAP

Posttreatment after TARE

Nodular APHE

LR-TR Viable 

PVPAP

Pretreatment

APHE and “washout”

LR-TR Equivocal

PVPAP

1 month posttreatment after TAREPretreatment

6 months posttreatment3 months posttreatment

PVPAP

APHE and “washout” Irregular enhancement early after treatment

LR-TR Equivocal LR-TR Nonviable 

PVPAP

Further decrease in degree and irregularity of 
enhancement. Note isze reduction.

PVPAP

Decreased enhancement with persistent areas 
of irregular nodularity

LR-5

LR-5

9-29



LI-RADS® v2018 
CT/MRI Manual

Posttreatment Imaging: TARE

What should the radiologist know? (Cont’d)

Treatment Response

PVP

Pretreatment

LR-TIV

LR-TIV

Enhancement decrease over time
Enhancement similar 
to pretreatment but 

only 1 mo post TARE

PVP

1 month posttreatment

LR-TR Equivocal

PVP

4 months posttreatment

LR-TR Equivocal

PVP

11 months posttreatment

Gradual left lobar 
atrophy expected 

after treatment

LR-TR Equivocal

Post TARE
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Posttreatment Imaging: TARE

What should the radiologist know? (Cont’d)

Treatment Response

PVPAP

Pretreatment

APHE, “washout” and “capsule”

LR-5

PVPAP

Post TARE

Gradually diminishing size and 
arterial phase enhancement of 

treated lesion as well as gradually 
diminishing arterial enhancement of 

adjacent liver

3 months

6 months

12 months

24 months

LR-TR Equivocal

LR-TR Equivocal

LR-TR Equivocal

LR-TR Equivocal
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Posttreatment Imaging: XRT

What should the radiologist know?

Tumor’s response to radiation (see Table below) evolves over months and is attributable to damage 
to tumor DNA, damage to tumor stroma, and activation of pro-inflammatory and reparative pathways.

• Transient increase in tumor size and/or enhancement may be seen within the first 1-3 months 
(pseudo-progression) but tend to decrease thereafter.

• Reduction in tumor size may not occur for the first 3-6 months.

• Complete de-vascularization or necrosis is uncommon. 

Expected imaging appearance of tumor

Early post radiation period (< 3 months) Late post radiation period (> 6 months)

• Persistence of arterial phase hyper-
enhancement and washout common

• May transiently increase in size and/or 
enhanacment (i.e. pseudo-progression)

• Gradual decrease in tumor size

• Gradual decrease in APHE

• May show capsule or halo on delayed phase

• Complete de-vascularization or necrosis is 
uncommon

Treatment Response
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Posttreatment Imaging: XRT

What should the radiologist know? (Cont’d)

Surrounding liver’s response to radiation (see Table below) also evolves over months and is 
attributable to the onset/resolution of

• microvascular veno-occlusion (microvascular thrombosis and sinusoidal outflow obstruction) and 
congestive edema (early post-treatment)

• chronic microhemorrhage and hemosiderosis (mid post-treatment)
• parenchymal fibrosis and architectural distortion (late post-treatment).

Diffuse parenchymal enhancement around treated tumor due to microvascular veno-occlusion 
(early) or fibrosis (late) could mimic diffuse tumor; review of treatment planning map may help in 
differentiation.

Evolving parenchymal abnormality surrounding treated tumor may confound the apparent 
attenuation/signal and enhancement characteristics of the treated tumor.

Treatment-related hepatocyte damage and/or fibrosis may impair parenchymal uptake of 
hepatobiliary agents, causing hypointensity of the treatmnent zone on HBP images. HBP phase 
images must be interpreted with other sequences to avoid misinterpretation of treatment zone as 
viable tumor. 

Expected imaging appearance of surrounding liver 

Early post radiation period (< 3 months) Late post radiation period (> 6 months)

• Reactive hyperemia: APHE
• Edema: pre-contrast low CT attenuation, low 

T1 signal, and high T2 signal
• Microvascular veno-occlusion: delayed liver 

enhancement
• Microhemorrhage: foci of T1 shortening (high 

signal) or susceptibility (low signal) on T1-
weighted GRE images

• Reactive hyperemia (APHE) resolves
• Fibrosis develops:
• precontrast low CT attenuatation & low T1 

signal
• Progressive or delayed liver enhancement

• Evolution of microhemorrhages
• Structural changes: regional atrophy, 

architectural distortion, including biliary 
stricture and capsular retraction

Any post radiation period

• HBP hypointensity due to hepatocyte damage and/or fibrosis

Treatment Response
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Posttreatment Imaging: XRT

What should the radiologist know? (Cont’d)

Image interpretation should emphasize serial imaging and trending of imaging features (i.e. using 
prior study as the internal control), rather than on imaging features at a single time point. 

Uptrending in tumor size and/or increasing arterial enhancement after a period of favorable 
posttreatment response is concerning for recurrence.

Fiducial markers may be visible in or around treated lesion.

Treatment Response

LR-TR Equivocal

LR-TR Nonviable 

Persistent APHE and “washout”
No size reduction

Complete loss of APHE in the 
background of heterogeneous post-

XRT liver parenchyma. No viable tumor 
in liver resection specimen. Foci of 

susceptibility are from fiducial markers.

3 month posttreatment after XRT

PVPAP

Pretreatment HCC

PVPAP

6 months posttreatment

PVPAP

APHE and “washout”

LR-5
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Posttreatment Imaging: XRT

What should the radiologist know? (Cont’d)

Treatment Response

LR-TR Equivocal LR-TR Nonviable 

Persistent APHE in the early post-XRT 
period. Size is reduced. No “washout”.

Complete loss of APHE in treated 
lesion.

3 months posttreatment after XRT

PVPAP

Pretreatment HCC

PVPAP

6 months posttreatment

PVPAP

APHE and “washout”

Persistent APHE and washout in 
treated lesion in early post-XRT period. 

Mild increase in tumor size (pseudo-
progression). Post-XRT parenchymal 

changes bounded by dotted line.

LR-TR EquivocalLR-TR Equivocal

Decreasing but persistent mild APHE in 
lesion and background liver. Equivocal 
for viability. Partially viable tumor was 

found on liver explant specimen.

3 months posttreatment after XRT

PVPAP

Pretreatment HCC

PVPAP

9 months posttreatment

PVPAP

APHE, “washout” and “capsule”

LR-5

LR-5

9-35



LI-RADS® v2018 
CT/MRI Manual

Posttreatment Imaging: XRT

What should the radiologist know? (Cont’d)

Treatment Response

LR-TR Equivocal

4 months posttreatment after XRT

DPAP

Hyperenhancing post-
XRT liver parenchyma

Slightly decreased 
APHE

Pretreatment TIV due to HCC

DPAP

TIV, APHE and “washout”

LR-TR EquivocalLR-TR Nonviable LR-TR Viable 

12 months posttreatment 24 months posttreatment9 months posttreatment

AP AP PVPAP

Residual parenchymal 
hyperenhancement in 

the XRT treatment 
zone without focal 

observation

A questionable new 
subcentimeter

observation (arrow) at 
the margin of XRT 

treatment zone.

Enlarging nodular observation with APHE 
compared to untreated parenchyma and 

washout in the portal venous phase 
compatible with marginal tumor recurrence.

LR-TIV

9-36



LI-RADS® v2018 
CT/MRI Manual

Systemic Therapy

What should the radiologist know?

Systemic therapy is usually reserved for advanced, unresectable HCC in whom surgical or 
locoregional therapy is not possible or has failed. The combination of systemic therapy with 
locoregional therapy may increase in use over time, and familiarity with the basics of HCC systemic 
treatment is important for radiologists.

Systemic therapy for HCC can consist of conventional chemotherapy, targeted therapy, 
immunotherapy, hormonal therapy and antiviral therapies.

• Conventional cytotoxic chemotherapy and hormonal agents have small or no long-term benefits.

• Targeted (molecular) therapies directed against specific molecular alterations in the 
pathophysiology of HCC have shown promise. Targeted therapies aim to prevent the growth and 
spread of disease by interfering in the signaling pathways for tumor progression and viability. 
These agents are geared towards increased efficacy and reduced toxicity.

• Sorafenib, an oral multi-kinase inhibitor that targets both tumor cell viability and tumor 
angiogenesis, has been shown to improve survival when compared to placebo. 

• Immunotherapy for HCC is being investigated and is based on the use of immune checkpoint 
inhibitors to harness the body’s own immune system to generate a tumor-specific response. 
Radiologists should be aware of potential pitfalls in imaging interpretation after immunotherapy 
and be familiar with immune-related RECIST. With immunotherapy, it is not uncommon for new 
disease to be ‘uncovered’ by treatment or for existing disease to enlarge slightly before 
decreasing in size. Thus, early pseudoprogression may be misinterpreted as clinical progression 
if the radiologist is unaware that immunotherapy was administered or is unfamiliar with expected 
changes associated with immunotherapy.

• Approval of systemic therapies is rapidly evolving, with recent additions of Lenvatinib, 
Regorafenib, and Nivolumab, for example. Hormonal therapy, antiviral therapy and other 
investigational therapies are beyond the scope of this chapter.

Treatment response for systemic therapy has been based mainly on RECIST and mRECIST in 
clinical trial settings. Recent studies have shown that mRECIST identifies a greater number of 
patients with treatment response compared to RECIST during the course of treatment.

Combination of systemic therapy and locoregional therapy, including TACE and yttrium-90, are 
under active investigation in an effort to improve the outcomes of patients with unresectable or 
advanced HCC. 

The LI-RADS Treatment Response Algorithm should be used with caution in patients undergoing 
locoregional therapy who are also treated concurrently with systemic therapy.

Treatment Response
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Systemic Therapy

Expected posttreatment appearance

• Decreased tumor enhancement can occur with response even without changes in size.

HCC may remain unchanged in size during therapy. Increase in tumor size early after therapy 
initiation may occur in the minority of patients, while decrease in tumor size is typically a late finding.

Similar to locoregional therapy, residual thick and nodular foci of arterial enhancement within HCC 
after systemic therapy favors residual viable tumor.

Treatment Response

Pretreatment Posttreatment 

PVP

Heterogeneous enhancement

PVP

Decreased tumor enhancement

Posttreatment on systemic therapyPretreatment

DPAP

Nodular APHE without “washout” 
Favors viable tumor.

DPAP

APHE and no “washout”

Treated by systemic therapy, probably viableLR-3

(Systemic therapy give for LR-5s 
elsewhere in liver)
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Posttreatment Imaging: Systemic Therapy

Advanced diffuse HCC can be challenging to measure both pretreatment and posttreatment during 
systemic therapy.

The LI-RADS Treatment Response Algorithm was not designed for response assessment in HCC 
patients undergoing systemic therapy. This patient population may have diffuse or multifocal disease, 
and the changes in tumoral enhancement is often heterogeneous and challenging to measure. For 
patients undergoing combined locoregional therapy with systemic therapy, the Treatment Response 
Algorithm may be used with caution when the locoregional therapy effect is dominant.

Treatment Response

Do not apply LR-TR criteria

Posttreatment on systemic therapyPretreatment

PVPAP

Increased nonmeasurable area of APHE with 
washout probably reflecting lack of response

PVPAP

Heterogeneous APHE with Tumor in Vein
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Treatment Response: Patient-Level Criteria

Overview

Several radiologic response criteria exist for patients with multifocal or metastatic HCC, with the goal 
of standardizing assessment across sites for multi-center trials: 

• World Health Organization (WHO) 
• Response Evaluation Criteria in Solid Tumors (RECIST)
• EASL
• Modified RECIST (mRECIST)

EASL criteria and mRECIST take into account the cytostatic response related to many hepatic 
directed therapies (i.e. the tumor size does not change, but the enhancing component decreases).

• EASL  criteria correlate better with survival than size-based methods (WHO and RECIST).

The choice between WHO, RECIST, EASL and mRECIST depends on the needs of the practitioner, 
department, institution, or clinical trial. While RECIST remains the predominant response criteria for 
clinical trials, mRECIST is increasingly used.

The LI-RADS Treatment Response Algorithm is in part adapted from concepts within mRECIST and 
can be applied at the patient level, but was not designed for use after systemic therapy.

Pitfalls and limitations of existing patient-level response systems

Optimal contrast phase or series to measure tumor: 

• WHO and RECIST 1.1 do not provide guidance.

Measuring viable tumor in the setting of necrosis or partial response:

• EASL does not provide guidance; little correlation in literature with pathology.
• Reproducibility of measurements may be impacted by pattern of necrosis.

Assessing patient-level versus lesion-level response:

• Arterial embolic and ablation therapies are performed at staged intervals.
• Response assessment must take into account both treated and untreated disease. 
• Creates complexity; definitions are lacking for time to progression and assessment of overall 

response following repeat embolizations.

Optimal timing of follow-up imaging and assessment of response evolution:

• Radiotherapy and TARE may require weeks to months to achieve response.
• Tumor enhancement may decrease following initial embolization, but not reflect necrosis.
• mRECIST ignores the mechanism of action and the time-dependence of response to treatment.

Atypical lesions may not be well represented by EASL criteria and mRECIST.

Treatment Response

9-40



LI-RADS® v2018 
CT/MRI Manual

Treatment Response: Patient-Level Criteria
Treatment Response

RECIST EASL mRECIST 

Definition

Response Evaluation Criteria in 
Solid Tumors (RECIST) 

Criteria based on 1D 
measurement of tumor size 
regardless of enhancement
pattern.

In 2009, RECIST was revised to 
RECIST version 1.1.

The European Association for 
The Study of the Liver (EASL) 

Criteria based on 2D 
measurement of enhancing 
(viable) tumor.

Developed by a panel of 
international experts in 2000 to 
measure response following 
TACE. 

Modified response evaluation 
criteria in solid tumors (modified 
RECIST) 

mRECIST incorporates the 
concept of viable tumor and is a 
formal modification of RECIST. It 
integrates the RECIST 
definitions of response 
categories and target lesion 
selection into EASL.

Concepts

RECIST 1.1 classifies tumor 
lesions at baseline as 
“measurable” and “non-
measurable” lesions. 

1. Measurable lesions are 
defined as those lesions that 
can be accurately measured 
in at least one dimension as 
> 1 cm. 

2. Non-measurable lesions refer 
to all other lesions, including 
small lesions (longest 
diameter <1cm) and truly 
non-measurable lesions.

3. Up to 5 Target Lesions are 
allowed (maximum of 2 
lesions per organ). 

4. Requires inclusion of the 
enhancing rim of the target 
lesion in the measurement.

5. Non-target lesions include all 
other sites of disease and 
should also be recorded at 
baseline.   

EASL defines enhancing portion 
of tumor as viable and non-
enhancing portions as necrotic.

1. Viable tumor: enhancing 
portion on arterial phase 
imaging. Two perpendicular 
measurements of greatest 
diameter of viable tumor are 
multiplied to produce an area 
of viable tumor.

2. Response: Percentage 
changes in tumor area on 
contrast enhanced CT or MR 
imaging studies performed 4 
weeks following TACE. 

3. Target Lesions: No definition 
of measurable disease is 
provided. All viable tumor 
areas are summed to give 
the total tumor burden.  

mRECIST uses unidimensional 
measurements of the viable 
component of the tumor (on CT 
or MRI) in the arterial phase. 

Defines target lesions and non-
target lesions. 

Target lesion: 

1. Can be accurately measured 
in at least one dimension as 
1 cm or more,

2. Is suitable for repeat 
measurement and 

3. Shows intratumoral arterial 
enhancement on contrast-
enhanced CT or MRI. 

Non-target lesions: All other 
measurable lesions (not included 
as target lesions) should be 
identified as non-target lesions 
and should also be recorded at 
baseline.  

Overall response is defined by 
combining the response of target 
and non-target lesions.

1D
2D

1D

Largest 
enhancing area Nonenhancing 

area
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Frequently Asked Questions

What is a treated observation? 

An observation that has been treated by locoregional therapies such as radiofrequency ablation, 
percutaneous ethanol ablation, cryoablation, microwave ablation, transarterial embolization or 
chemoembolization, transarterial doxorubicin-eluting bead chemoembolization, transarterial
radioembolization, and external beam radiotherapy.

What about observations treated by systemic therapy?

LI-RADS v2017 does not address systemic treatment response assessment.

How do I determine if a treated observation is nonevaluable? 

A category of LR-TR Nonevaluable should be assigned if treatment response cannot be 
meaningfully evaluated due to inappropriate imaging technique or inadequate imaging quality. Do 
not assign a response category of nonevaluable if image quality is adequate, even if imaging 
features are difficult to characterize or interpret.

What if the arterial phase is inadequate, but the portal venous phase shows unequivocal 
enhancement? Is that Nonevaluable or Equivocal?

Assign a response category of LR-TR Equivocal. Consider immediate repeat imaging or, if needed 
to ensure an adequate arterial phase, alternative imaging.

What is the optimal follow-up interval to assess treatment response? 

Optimal follow-up intervals depend on the applied treatment, institutional guidelines, and 
reimbursement constraints. In general, follow-up CT or MRI is recommended every 3 months, 
although initial imaging at 1 month may be helpful after certain locoregional therapies.

Are there any pitfalls in assessing response too soon after treatment? 

Treatment-related changes in parenchymal perfusion may resemble or obscure tumor enhancement, 
potentially leading to false positive or false negative assessment of viability. 

What should I do if I am unsure about tumor viability versus expected posttreatment change?

Categorize as LR-TR Equivocal if image quality is adequate.

Treatment response
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Frequently Asked Questions

Does LR-TR nonviable exclude microscopic viability?

No. LR-TR nonviable means there is no evidence of gross viable tumor, but small  foci of live tumor 
cells cannot be excluded by noninvasive imaging.

How do I distinguish residual tumor from new tumor adjacent to a treated observation? 

In contrast to new tumor in adjacent liver, residual tumor usually arises within or at the margin of the 
treated observation. No single threshold distance from the margin reliably distinguishes a new lesion 
from a marginal recurrence. Use your judgment to make the distinction and apply the corresponding 
LI-RADS algorithm (CT/MRI Treatment Response or Diagnostic). Example: a new observation has 
features indicating de novo origin (e.g., nodule in nodule) and/or excluding metastasis from the 
treated lesion (e.g., differences in fat, iron, HBP intensity):  this should be considered a new tumor.

How do I assess the response of tumor in vein to treatment? 

This can be challenging. Apply the LI-RADS treatment response criteria as best you can. 

Do I need to assess response of each observation if the number of observations is large? 

If there are a large number of treated observations with similar posttreatment imaging features and 
likely representing similar response, you may assess treatment response in aggregate. 

Can I apply the treatment response algorithm to cholangiocarcinoma or LR-M? 

The algorithm is also designed to be applicable to observations categorized as LR-M as these 
possibly represent cholangiocarcinoma (ICC) or HCC. There is limited literature for treatment 
response assessment of ICC subjected to locoregional therapies. The assessment of enhancing 
areas on delayed post contrast imaging is potentially helpful given that delayed enhancement is 
feature commonly seen in ICC. Thus, the treatment response algorithm may be applied with caution 
to observations that are pathologically proven to be ICC. The criteria for LR-TR Viable includes the 
pattern of enhancement ‘similar to pretreatment’ as a criterion, which can be applied to ICC.

Can I apply the treatment response algorithm after irreversible electroporation? 

There is limited literature for treatment response assessment of HCC after irreversible 
electroporation (IRE). The treatment response algorithm should thus be applied with caution in these 
patients, or those who undergo other recently developed locoregional therapy.

Treatment response
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Frequently Asked Questions

What should I apply for patients who undergo surgical resection?

Patients who undergo surgical resection with curative intent (excluding transplantation) may develop 
new lesions and HCC on follow-up imaging. The LI-RADS CT/MRI Diagnostic Algorithm is 
applicable to those with prior HCC, so it should be used to evaluate new lesions in the remnant liver. 
However, HCC recurrences at the surgical margin can appear atypical. If an enhancing lesion on 
follow-up is unequivocally at the surgical margin, the LI-RADS Treatment Response algorithm can 
be applied to guide the discussion in a multidisciplinary setting. Further evidence is needed to 
validate this approach.

What should I apply for patients who undergo surgical resection?

Patients who undergo surgical resection with curative intent (excluding transplantation) may develop 
new lesions and HCC on follow-up imaging. The LI-RADS CT/MRI Diagnostic Algorithm is 
applicable to those with prior HCC, so it should be used to evaluate new lesions in the remnant liver. 
However, HCC recurrences at the surgical margin can appear atypical. If an enhancing lesion on 
follow-up is unequivocally at the surgical margin, the LI-RADS Treatment Response algorithm can 
be applied to guide the discussion in a multidisciplinary setting. Further evidence is needed to 
validate this approach.

Should I apply the Treatment Response Algorithm for patients who undergo combined 
locoregional therapy with systemic therapy?

An increasing number of patients who undergo locoregional therapy may receive concurrent or 
adjuvant systemic therapy. While the LI-RADS Treatment Response Algorithm was not designed for 
patients who undergo systemic therapy alone, it may be useful in assessing patients who have 
combined locoregional and systemic therapy. Radiologists are advised to use the Treatment 
Response Algorithm with caution, recognizing that systemic treatment can impact the posttreatment 
appearances in unpredictable ways.
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LI-RADS® Treatment Response at a Glance

Pretreatment

Posttreatment

Treatment response

Untreated observation

Diagnostic imaging for HCC
with multiphase CT, MRI, or 
CEUS 

Locoregional treatment

Diagnostic CT/MRI 
LI-RADS® Algorithm

Diagnostic CEUS
LI-RADS® Algorithm

Systemic 
treatment

Surgical 
treatment

External beam radiation

Locoablative
Transcatheter

Assess treatment response 
using institutional or 

RECIST-type approach

if treated

Treated observation

CT/MRI  LI-RADS®

Treatment Response 
Algorithm

LR-TR Nonevaluable

LR-TR Nonviable 

LR-TR Equivocal

LR-TR Viable

If treatment response cannot be 
evaluated due to image 
degradation or omission

Locoregionally treated observation

If probably or definitely not viable

If equivocally viable

If probably or definitely viable

Otherwise, use CT/MRI treatment response table (page 9-11)

Diagnostic CT/MRI 
LI-RADS® Algorithm

Observation 
at surgical 
margin?

Yes

No
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LI-RADS® Treatment Response Features

Viability Presence of live tumor cells within or along the margin of a treated 
lesion.

Radiologic viability is not synonymous with pathologic viability as 
imaging is not sensitive to microscopic or small foci of residual 
tumor.

Treatment-specific expected 
enhancement

Expected temporal and spatial pattern of posttreatment 
enhancement attributable to treatment-related changes in 
parenchymal perfusion. 

For some treatments, early posttreatment enhancement patterns 
may not reliably differentiate viable from nonviable tumor. In the 
early postprocedural period for such treatments, the most 
appropriate response category may be LR-TR equivocal.

No lesional enhancement Absence of enhancement within or along the margin of a treated 
lesion.

Posttreatment 
APHE

Nodular, mass-like, or thick and irregular APHE contained within or
along the margin of a treated lesion suggests posttreatment tumor 
viability.

Posttreatment “washout” Nodular, mass-like, or thick and irregular washout appearance
contained within or along the margin of a treated lesion suggests 
posttreatment tumor viability.

Posttreatment enhancement 
similar to pretreatment

Nodular, mass-like, or thick and irregular enhancement similar to 
pretreatment enhancement in all postcontrast phases contained 
within or along the margin of a treated lesion suggests 
posttreatment tumor viability, even in the absence of APHE or 
washout appearance.
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