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Abstract

The evolving treatment landscape of hepatocellular carcinoma (HCC) includes curative treatments such as
ablation, resection, and transplantation, along with palliative interventions such as locoregional and systemic
therapies. Evaluating the response to therapy is critical to planning the next intervention or follow-up needed, as
well as for comparing the outcomes across the treatment options. Response to therapy can be measured using
serum markers, through pathology, using imaging surrogates, and clinical response. This review provides a brief
overview of these measures of treatment response and their relevance to HCC management.

Keywords: Minimally invasive, locoregional therapy, systemic therapy, treatment response, interventional
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INTRODUCTION

Hepatocellular carcinoma (HCC), the most prevalent primary liver cancer, often arises within the context of
liver cirrhosis'. In 2020, primary liver cancer ranked as the sixth most frequently occurring cancer globally
and the second leading cause of cancer-related mortality worldwide®. The primary curative treatment
options for HCC are surgical resection and liver transplantation. However, the presentation of cirrhosis or
multifocal tumors in many patients precludes these curative treatments. Ablation provides a minimally
invasive curative treatment option in the setting of limited tumor size and number. Unfortunately, not all
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patients are good candidates due to the tumor size or location close to critical structures. In such instances,
locoregional transarterial therapies (LRT) such as transarterial chemoembolization (TACE) and
transarterial radioembolization (TARE) have been demonstrated to improve survival in the non-curative
setting and can serve as a bridge to liver transplantation by reducing the tumor burden to within Milan
criteria. More recently, systemic treatment options have demonstrated efficacy in HCC including tyrosine
kinase inhibitors, anti-vascular agents, and immunotherapies'*. Finally, combining systemic therapy with
locoregional therapies has been demonstrated to improve survival over either treatment alone.

The evaluation of HCC’s response to treatment can be measured using serum markers, pathology after
resection, imaging surrogates, and clinical response. Each of these measures provides a distinct insight into
the treatment response, and together, they provide complimentary assessments for monitoring response to
therapy. In this review, we examine these measures of treatment response and their utility for the
management of patients with HCC.

SERUM BIOMARKER RESPONSE ASSESSMENT

Serum levels of alpha-fetoprotein (AFP) are useful in following response to treatment in those patients
whose HCC tumors express AFP". A decrease of 20% in AFP during the initial weeks after treatment or
more than 50% in the first month after treatment is indicative of a positive response and prolonged
survival'*. Similarly, changes in AFP-L3 levels after localized treatments or surgery for HCC have been
linked to increased overall survival”. Most clinicians will continue to periodically monitor serum AFP levels
after therapy for evidence of early tumor recurrence or the development of a new disease. However, the lack
of AFP expression in many HCC tumors limits the effectiveness of AFP for measuring treatment response.
Similarly, the genetic heterogeneity of HCC and variability in the expression of AFP and other serum
biomarkers also limit their use as a prognostic indicator, as they often do not correlate with outcomes or
responses to treatment'™. For example, sorafenib, the first approved antiangiogenic agent for advanced
HCC, has proven effective regardless of the patient’s initial biomarker levels, such as AFP, vascular
endothelial growth factor (VEGF), or angiopoietin 2 (ANG-2)**. Similarly, serum levels of des-y-carboxy
prothrombin (DCP) have been related to positive outcomes and are seen as a prognostic indicator""”. DCP
levels below 40 mAU/mL have been related to longer survival and fewer recurrences in hepatitis B virus-
affected patients following radiofrequency ablation"”. Serum VEGF levels are known to be significantly
elevated after tumor embolization due to tumor hypoxia and necrosis resulting in stimulation of tumor
neoangiogenesis; however, a phase III trial to investigate TACE in combination with sorafenib failed to
demonstrate an improvement in survival"?. Serum liver function tests (LFTs) such as total bilirubin and
liver transaminases reflect overall liver health and significantly influence prognosis in patients undergoing
LRT. Elevated transaminases and total bilirubin predict worse outcomes post-LRT due to impaired liver
recovery capabilities"!. Conversely, patients with healthier liver indicators (e.g., normal serum liver
function tests) typically experience better post-treatment survival, as their livers can effectively handle the
therapy’s demands and support recovery"*. Acute kidney injury (AKI) significantly affects the prognosis
and survival of patients after LRT. The International Club of Ascites has updated AKI criteria to include a
serum creatinine increase of 2 0.3 mg/dL within 48 h or a 2 50% rise from baseline, with a three-stage
system"*. Higher AKI stages correlate with poorer outcomes in HCC patients undergoing TACE"".
Immunotherapy has revolutionized cancer treatment by targeting how cancer cells evade immune
detection, particularly through proteins like programmed death-ligand 1 (PD-L1), programmed cell death-
ligand 2 (PD-L2), and Cytotoxic T-lymphocyte associated protein 4 (CTLA-4)"¥. Monoclonal antibodies
are used to block these proteins and activate the body’s immune response against cancer. Clinical trials of
immunotherapy in HCC have demonstrated that tumors with high levels of PD-L1, increased VEGF
receptor 2 expression, and a greater presence of T-regulatory (Tregs) cells have a greater response to
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immunotherapy and longer survival™. Recent clinical research has extensively explored the efficacy of
combining tyrosine kinase inhibitors (TKIs) and immune checkpoint inhibitors (ICIs) in treating various
cancers. These treatments synergistically inhibit tumor angiogenesis via TKIs and enhance immune
responses against cancer cells through ICIs targeting CTLA-4, programmed cell death protein 1 (PD-1), and
PD-L1. Notable clinical trials include a phase 1b study combining sorafenib with nivolumab for advanced
HCC, which showed a significant increase in partial response rates compared to sorafenib alone.
Similarly, the KEYNOTE-524 trial of lenvatinib and pembrolizumab reported improved survival rates in
HCC, indicating a synergistic effect”. Additionally, early studies of regorafenib with atezolizumab for
metastatic colorectal cancer (mCRC) demonstrated the potential to overcome resistance to prior
treatments””. The rationale for these combinations is their complementary effects on the tumor
microenvironment - TKIs reduce the tumor’s nutrient supply, while ICIs counteract immune suppression.
Eligibility for such therapies typically depends on specific tumor characteristics like PD-L1 expression or
mutational burden, with contraindications including autoimmune conditions or prior adverse drug
reactions. Predictive biomarkers such as PD-L1 and VEGF levels are crucial for selecting suitable patients,
allowing for a more personalized treatment approach. These findings underscore the potential of TKI and
ICI combinations to enhance cancer treatment outcomes, emphasizing the importance of continued
research to optimize these strategies’.

PATHOLOGIC RESPONSE ASSESSMENT

After resection, pathological responses to treatment are often separated into three categories based on the
degree of tumor necrosis. Complete pathologic response (CPR) or complete pathologic necrosis (CPN) are
used when more than 90% of the tumor is necrotic. Partial response (PR) is used when necrosis is between
50% and 90%. Treatment failure (TF) is used for any tumors with necrosis less than 50%”*. Examining
pathologic responses to transarterial therapies such as TACE after resection or transplantation reveals a
wide range of pathologic responses. For example, different authors report complete necrosis in
approximately 18%-70% of cases, partial response in 17%-25%, and treatment failure in 15%-30% of
patients””’”\. Higher rates of necrosis after TACE are associated with reduced recurrence rates of HCC post-
transplantation. Pathologists today do much more than just histological assessments. Their role now
includes the characterization of the immune microenvironment of the tumor and the complex field of
functional genomics, where they analyze genetic markers within tumors. This comprehensive profiling
helps to understand the tumor’s biological activity and how the tumor might respond to different therapies.
Such insights are invaluable in developing new treatments, as they can pinpoint specific genetic targets for
novel drugs. In the future, these genetic profiles may allow for the customization of treatment plans to the
individual’s unique genetic makeup of their cancer, improving both the efficacy of treatments and patient
outcomes™™.

IMAGING RESPONSE ASSESSMENT

Commonly used imaging methods for response assessment include computed tomography (CT) and
magnetic resonance imaging (MRI), and less commonly, contrast-enhanced ultrasound (CE-US) and
fluorodeoxyglucose-positron emission tomography (FDG-PET). Treatment effectiveness is typically gauged
by the radiologic assessment of objective response (OR), which is typically based on comparing
measurements of tumor size and enhancement pre- and post-therapy™. Imaging OR is used as a surrogate
biomarker for treatment response and patient survival in clinical trials. For example, patients with
incomplete imaging responses to locoregional therapies experience higher rates of HCC recurrence post-
liver transplant®. Although the value of OR is recognized in patients undergoing locoregional treatments
like TACE or ablation, its significance in the context of systemic therapy or immunotherapy has yet to be
fully validated®".
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Figure 1. Comparing imaging response assessment and pathological response assessment. RECIST: Response Evaluation Criteria in
Solid Tumors; WHO: World Health Organization; mRECIST: modified RECIST; EASL: European Association for the Study of the Liver; LI-
RADS: liver imaging reporting and data system; CR: complete response; PR: partial response; SD: stable disease; PD: progressive
disease; CPN: complete pathologic necrosis.

Measuring objective response in clinical trials

Various scoring systems for measuring objective response have been developed that use recognized criteria
for changes in tumor size or enhancement after treatment. These response criteria have been developed by
organizations such as the World Health Organization (WHO), the European Association for the Study of
the Liver (EASL), and the National Cancer Institute (NCI) [Figure 1]*?. Over the past two decades, these
scoring systems and criteria have evolved to include tumor size, tumor number, and tumor enhancement
[Table 1]. The original Response Evaluation Criteria in Solid Tumors (RECIST) criteria compares pre-
treatment and post-treatment tumor diameter. The modified RECIST (mRECIST) and EASL criteria
combine size criteria with the enhancement of the residual tumor, excluding areas of non-enhancement that
are taken to reflect necrosis caused by treatment. Post-treatment, complete necrosis is the goal, though
partial necrosis is often seen.

mRECIST is the most used and extensively validated scoring system for evaluating responses to locoregional
therapies in HCC. It categorizes treatment outcomes into four groups: complete response (CR), PR, stable
disease (SD), and progressive disease (PD). CR means no enhancing “viable” tissue in the target lesions. PR
is a decrease of at least 30% in the sum of the viable target lesions’ diameters. SD is when cases do not meet
the criteria for PR or PD. PD is defined by a 20% increase in the sum of the diameters. Survival outcomes
are poorer for HCC patients categorized as SD or PD after treatment™ [Figure 2]. mRECIST is less effective
in assessing infiltrative lesions and hypo-enhancing tumors, as well as in the context of systemic therapies.
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Table 1. Types of RECIST criteria in image response

Name Year of introduction Imaging modality Assessing factors

RECIST 1.0 2000 CT/MRI Tumor size measured on CT or MRI

RECIST1.1 2009 CT/MRI Number of target lesions, measurement of lymph nodes, identification of new lesions
mRECIST 2010 CT/MRI Enhancement patterns on contrast-enhanced scans, diameter changes

iRECIST 2017 CT/MRI Tumor enlargement, appearance of new lesions, subsequent tumor shrinkage
pRECIST 2009 FDG-PET Changes in tumor metabolism as indicated by FDG uptake on PET scans

RECIST: Response Evaluation Criteria in Solid Tumors; CT: computed tomography; MRI: magnetic resonance imaging; mRECIST: modified RECIST;
iRECIST: immune-related RECIST; pRECIST: PET response criteria in solid tumors; FDG: fluorodeoxyglucose; PET: positron emission tomography.

RECIST 1.1 mRECIST EASL LI-RADS
Measurement of
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SD
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Figure 2. Comparing various imaging assessment criteria at different levels with each other. RECIST: Response Evaluation Criteria in
Solid Tumors; mRECIST: modified RECIST; EASL: European Association for the Study of the Liver; LI-RADS: liver imaging reporting and
data system; CR: complete response; PR: partial response; SD: stable disease; PD: progressive disease.

Additionally, changes in the liver tissue surrounding the treatment area, which might include altered blood
flow, inflammation, necrosis, or fibrosis, can confound the response assessment. While guidelines for the
ideal timing of post-treatment assessments are controversial, it is common to start evaluating one month
after treatment for TACE and ablation, and 3 months after TARE to enable sufficient response to radiation.
Afterward, multi-phase magnetic resonance (MR) or CT scans every three to four months are commonly
used for maintaining surveillance”. The EASL guidelines include tumor enhancement. The guidelines,
enhanced by the quantitative EASL (qQEASL) criteria, adopt a three-dimensional analysis of tumor
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enhancement, significantly improving the accuracy of treatment response assessment””. This methodology
is based on the differential analysis of pre- and post-contrast MRI, identifying viable tumor tissue through
specific enhancement thresholds. Demonstrating a high correlation with histopathological findings in HCC,
the qEASL criteria surpass RECIST, mRECIST, and traditional EASL benchmarks in predicting patient
survival®. In the evaluation of hypovascular HCC tumors, tumor response criteria that include measures of
enhancement such as mRECIST or EASL have lower utility for defining response, and advanced imaging
techniques like dual-energy CT, contrast-enhanced ultrasond (CEUS), or MR perfusion studies are
emerging as valuable tools®. RECIST primarily assesses tumor response through unidimensional
measurements of tumor size, which may not fully capture the actual tumor burden or volumetric changes,
as tumors can vary in shape and density. The criteria also rely on specific percentage thresholds to define
progressive disease and partial response, potentially leading to misestimations of treatment effects when
small yet clinically significant changes occur®™. Additionally, RECIST does not consider tumor
heterogeneity, which can result in variations in how different parts of the same tumor or different tumors
within the same patient respond to treatment. This oversight may provide an oversimplified view of
treatment efficacy. Moreover, RECIST fails to adequately track the dynamic changes in tumor growth or
regression over time, with the potential to overlook rapid fluctuations depending on when imaging studies
are performed, possibly leading to incorrect disease categorization. Furthermore, RECIST is not suitable for
evaluating conditions like diffuse liver infiltration by cancer or certain leukemias, where there are no
distinct, measurable lesions, necessitating alternative assessment methods".

Although overall survival (OS) remains the gold standard for assessing treatment efficacy, many treatments
have been approved based on surrogate endpoints such as time to progression (TTP), progression-free
survival (PFS), and objective response rate (ORR). PES is recognized as a composite endpoint, incorporating
two distinct variables: mortality and the presence of radiological progression, which is typically determined
by established criteria such as QEASL or mRECIST. Similarly, TTP measures the duration from the point of
trial enrollment to the occurrence of radiological progression, again defined under standard benchmarks
like gEASL or mRECIST. These surrogate endpoints are predictive of OS and have become increasingly
relevant in oncology, especially with the advent of effective post-progression therapies™. In the USA, the
accelerated approval process for cancer treatments relies heavily on these surrogate endpoints. Despite their
utility in speeding up therapy approvals, surrogate endpoints face challenges such as interpretation bias,
often managed by centralized radiology reviews and adjudication®.

Immunotherapy is showing promising outcomes for HCC and a well-tolerated safety profile!*"*.
Additionally, Tregs cells are identified as a critical component in the immunosuppressive
microenvironment of HCC, especially prominent in the setting of chronic liver diseases, both viral and
autoimmune. Tregs, characterized by CD4+ CD25+ Foxp3+ markers, play a significant role in the
progression and invasiveness of tumors. They exert their influence via mechanisms such as cell-to-cell
contact and the secretion of inhibitory molecules. Notably, these cells also express checkpoint molecules like
CTLA-4 and PD-1, making them targets for ICI therapies. However, the efficacy and safety of these
therapies can be complicated by the diverse roles Tregs play in different types of liver diseases, potentially
leading to immune-related adverse events (irAEs). This complex interaction underscores the need for
careful evaluation of Tregs in tumor biopsies, which could serve as prognostic markers for ICI outcomes'*”.
The introduction of immunotherapy, both as a monotherapy and in synergy with antiangiogenic agents,
presents challenges in the radiologic assessment of treatment response and disease progression, as
inflammation induced by the therapy can cause a temporary growth in tumors and lymph nodes,
mimicking tumor progression“. These challenges have led to the development of immune-specific
response criteria to better evaluate treatment efficacy, including the immune-related RECIST (iRECIST)
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and the immune-modified RECIST (imRECIST) criteria. The criteria for immune complete response (iCR),
immune partial response (iPR), and immune stable disease (iSD) continue to align with the definitions
outlined in RECIST 1.1; however, the determination of progressive disease requires the verification of
increased lesion size or number on serial imaging performed 4-8 weeks later to differentiate progression
from pseudoprogression'*..

The PET response criteria in solid tumors (pRECIST) were proposed to address the limitations of
traditional anatomical imaging measures like RECIST in evaluating the efficacy of cancer therapies. These
criteria utilize PET imaging, most commonly with the radiotracer 18F-FDG, to assess the metabolic changes
in tumors in response to treatment. pRECIST aims to capture the continuous and dynamic changes that
occur in tumor metabolism after treatment, potentially allowing for earlier and potentially more accurate
assessment of treatment response compared to size-based criteria alone. These criteria include quantitative
measurements such as the standardized uptake value (SUV), which are used to assess changes in the
metabolic activity of tumors. The pRECIST approach recognizes that tumors may show metabolic changes,
such as a decrease in 18F-FDG uptake, that precede or do not correspond with changes in tumor size.
Conversely, tumors and lymph nodes may remain stable in size after treatment, but demonstrate persistent
or even increased metabolic activity at PET-CT, suggesting residual tumor. These metabolic changes may
provide a more sensitive indicator of tumor response to therapy, especially with treatments that are
cytostatic rather than cytotoxic, and therefore may not immediately lead to a reduction in tumor size but
still represent a positive therapeutic response'***” [Table 2].

Imaging measures of response in clinical practice

The liver imaging reporting and data system (LI-RADS) from the American College of Radiology provides
criteria for interpreting and reporting liver lesions after locoregional treatments and surgical resection. The
LI-RADS Treatment Response (LR-TR) algorithm facilitates lesion categorization into three groups: LR-TR
non-viable, LR-TR equivocal, and LR-TR viable. The non-viable category is for lesions showing no signs of
tumor enhancement or only thin peripheral enhancement post-treatment. The viable category is designated
for nodular or central enhancement that suggests a remaining tumor. The equivocal category is for atypical
enhancements that do not quite match the expected patterns for complete response or definite residual
tumor®. The LI-RADS criteria have demonstrated high positive and negative predictive values for
determining the viability of HCC after TACE!". While these criteria typically assess individual lesions, they
can also be adapted for broader patient-level response assessments, akin to mRECIST.

Imaging response assessment by treatment

After ablation, treatment success is defined by the creation of a non-enhancing ablation zone that
encompasses the entire tumor and ideally includes a safety margin of at least 5 mm of the non-tumorous
liver parenchyma. The formation of tiny gas bubbles from tissue boiling is observable immediately after
ablation on CT. These typically resolve by the one-month follow-up imaging. It is important to distinguish
these transient gas bubbles from persistent intra-tumoral gas indicative of a hepatic abscess or a hepatic
infarct™”. The main feature observed immediately within the ablation site post-treatment is a central area of
coagulative necrosis, which appears as hyperdensity on CT and as a hyperintense signal on T1-weighted
MRI"'. These imaging findings generally resolve in follow-up scans. Subtraction imaging may assist in
differentiating between hemorrhage and tumor enhancement on MRI. A uniform, thin enhancement of the
treated zone, indicative of transient hyperemia, is a common response to thermal injury; however, this may
initially obscure small areas of residual tumor. This enhancement typically resolves within a few months"?.

Persistent arterial enhancement with washout in delayed phase imaging during follow-up necessitates
further evaluation for additional targeted treatment””. Independent of the treatment approach, nodular or
thick arterial enhancement at the margin of a treated HCC suggests residual tumor and requires further
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Table 2. Comparative criteria for HCC response evaluation to systemic therapies

Criteria Standard RECIST 1.1 mRECIST for HCC EASL guidelines iRECIST Metabolic RECIST (pRECIST)

Measurement of Unidimensional, largest diameter ~ Unidimensional, enhancing tumor Bidimensional, enhancing tumor Unidimensional, largest diameter PET-based assessment of metabolic

lesion activity

Number of 5 (max 2 per organ) 5 (max 2 per organ), with arterial phase  All measurable lesions 5 (max 2 per organ) Not specifically limited; based on

targets enhancement metabolic activity

Target lesions Measurable (> 10 mm), lymph Measurable (> 10 mm), lymph node = Measurable lesions Measurable (> 10 mm), lymph node =  Lesions with increased metabolic
node =15 mm in short axis 20 mm in short axis at porta hepatis 15 mm in short axis activity as per PET

Nontarget Nonmeasurable or small lesions, Infiltrative HCC, malignant portal vein Nonmeasurable lesions Nonmeasurable or small lesions, Lesions without significant

lesions ascites thrombosis, lesions with atypical ascites metabolic activity or below PET

enhancement detection threshold
Complete Disappearance of all target lesions; Disappearance of any intratumoral Disappearance of any intratumoral  Disappearance of all target lesions; No metabolic evidence of disease
response lymph nodes <10 mm arterial enhancement in all target enhancement lymph nodes <10 mm on PET scan
lesion(s)

PR 2 30% decrease in the sum of 2 30% decrease in the sum of diameters = 50% decrease in total tumor 2 30% decrease in the sum of Significant reduction in metabolic
diameters of target lesions of enhancing target lesion(s) diameters of all measurable lesions diameters of target lesion(s) activity according to PET

SD Neither PR nor PD Neither PR nor PD Neither PR nor PD Neither PR nor PD No significant change in metabolic

activity

PD 2 20% increase in the sum of 220% increase in the sum of diameters = 25% increase in size of 21 uPD: = 20% increase in sum with Increase in metabolic activity or
diameters and 2 5-mm absolute of enhancing lesion(s) and/or new measurable lesion(s) and/or new  absolute increase; cPD: further increase new sites of disease on PET
increase lesion(s) lesion(s) 25mm

HCC: Hepatocellular carcinoma; RECIST: Response Evaluation Criteria in Solid Tumors; mRECIST: modified RECIST; EASL: European Association for the Study of the Liver; iRECIST: immune-related RECIST; pRECIST:
PET response criteria in solid tumors; PET: positron emission tomography; PR: partial response; SD: stable disease; PD: progressive disease.

intervention”*. Arterioportal shunts resulting from thermal injury to small vessels may also be observed post-ablation but are expected to resolve upon follow-
(s3]
up”.

After TACE with Lipiodol, unenhanced CT can assess the distribution of Lipiodol, with complete retention indicating lesion necrosis and partial retention
suggesting a spectrum of responses. Lack of immediate post-therapy Lipiodol uptake in a portion of the tumor predicts incomplete therapy, likely due to
vascular supply to the tumor outside of the treatment vessel*. Nevertheless, multiphasic CT imaging remains useful for evaluating areas without Lipiodol
uptake by their patterns of contrast uptake and washout. Over time, necrotic tumor tissue continues to retain Lipiodol, albeit decreasing in size, making MRI
preferable for evaluating residual or recurrent tumors®™”.

After TARE, unique radiation effects are observed including diffuse heterogeneous enhancement within the treated liver segment, which could be
misinterpreted as tumor progression. Reduced enhancement and size of the treated lesions correlate with pathologic necrosis, while peripheral nodular
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enhancement suggests viable tumor presence. The effect of TARE on tumor necrosis and shrinkage is not
immediate, with median response times reported around 30 to 120 days. Interpreting initial post-procedural
imaging post-TARE should be done with caution as it may be difficult to distinguish between normal post-
treatment appearances and residual or recurrent tumors"®. In addition, after TARE, tumor size and arterial
enhancement may temporarily increase, a pseudo-progression phenomenon that complicates assessment.
Serial imaging is thus recommended to monitor changes"™”.

Like locoregional therapy outcomes, the presence of thick and nodular areas of arterial enhancement within
HCC tumors post-systemic therapy indicates the persistence of untreated tumor tissue'”. Conversely, the
reduction in the tumor’s blood supply, as shown by decreased enhancement on imaging, is a key marker of
a favorable response to treatment'*. CT imaging has revealed that sorafenib can reduce the enhancement of
HCC without necessarily impacting the size of the tumor”. MRI studies post-sorafenib treatment have
predominantly identified T1 and T2 hyperintensity and non-enhancing necrosis as the main response
patterns in the HCC!*”. Instances of increased tumor size attributed to necrosis have been reported,
suggesting that the measurement of necrosis could serve as a more accurate metric for assessing treatment
efficacy than changes in tumor size for HCC patients treated with systemic therapies'®.

Functional and metabolic imaging

Diffusion-weighted imaging (DWI) has become a valuable tool in the treatment response assessment in
HCC. DWI tracks changes in apparent diffusion coefficient (ADC) values, which help distinguish viable
from necrotic tumors'*’. Restricted diffusion serves as a marker for viable tumors after therapy. DWI is
often used alongside contrast-enhanced T1-weighted enhanced imaging to monitor tumor response to both
systemic and locoregional therapies. Correlations between ADC values and the extent of tumor necrosis
confirmed by pathology confirm DWT’s potential to predict complete tumor necrosis following therapy.
However, the performance of DWI by itself compared to contrast-enhanced imaging is variable, with some
studies indicating lower sensitivity for DWTI in identifying local HCC recurrence'*”. Merging DWT with
morphologic evaluation criteria, such as EASL and mRECIST, provides an imaging strategy that assesses
tumor response volumetrically and functionally. Additionally, perfusion studies like dynamic contrast
enhanced (DCE)-MRI and CEUS offer semi-quantitative and alternative means to confirm the technical
success of HCC therapies. These quantitative methods are validated even in traditionally challenging
scenarios such as post-TARE or radiation. The integration of volumetric and functional imaging using DWI
provides a more comprehensive understanding of treatment response and tumor viability in the HCC'*'.

CLINICAL RESPONSE ASSESSMENT

The most important treatment outcome for both clinicians and patients is the clinical outcome, which
includes measures of treatment toxicity, patient’s quality of life, and OS. Common Terminology Criteria for
Adverse Events (CTCAE) framework facilitates the evaluation of adverse events such as hepatic
dysfunction, fatigue, abdominal discomfort, and enzymatic fluctuations””. CTCAE toxicity grading allows
the objective comparison between the toxicity profiles of different treatments, potentially prompting
modifications in clinical management, including lengthening the time between treatments or the
contemplation of alternate therapeutic options. Post-treatment toxicity can sometimes correlate with
treatment response. For example, the onset of a hand-foot-skin reaction of grade 2 or higher within the
initial two months following sorafenib has been associated with improved outcomes in patients with
intermediate-stage HCC undergoing combined TACE and sorafenib therapy*”. Severe post-treatment
hepatic toxicity, however, often indicates that more severe underlying liver dysfunction was present than
may have been appreciated pre-therapy'*. The diligent surveillance, documentation, and management of
toxicities, as dictated by CTCAE standards, are essential components in the therapeutic strategy for HCC
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patients undergoing TACE, ensuring that treatment decisions are informed by a holistic perspective on the

patient’s health and prospects for recovery™.

Quality of life (QoL) measures are infrequently the main objective in clinical studies”. However,
considering the non-curative nature of many locoregional therapies, maintaining a satisfactory QoL is
arguably as crucial as extending survival. The inclusion of Quality-Adjusted Life Years (QALY) as an
outcome measure in evaluating response to locoregional therapies provides direct insight into effects on
patient well-being and resource allocation in healthcare. Despite its importance, a paucity of prospective
research thoroughly examines QoL outcomes in patients undergoing locoregional therapies”. The
assessment and management of toxicity, guided by the CTCAE, offers a universal framework for classifying
and grading the adverse effects of cancer therapies, which is indispensable for uniform toxicity reporting
and management”. In the setting of clinical trials involving locoregional therapies for HCC, the OS
represents the most definitive outcome measure, directly correlating with the goal of any cancer therapy,
which is to extend the patient’s lifespan”*. Unlike other surrogate markers of treatment efficacy such as
tumor size reduction or biomarker levels, OS provides an unambiguous metric that accounts for all causes
of death, not just cancer-specific mortality”. This makes it a gold standard for evaluating the success of
locoregional therapies in clinical trials and practice. The outcomes of locoregional therapies can vary widely
based on tumor characteristics, liver function, and patient comorbidities. Measuring OS allows clinicians to
compare the real-world effectiveness of therapies. This is particularly important in HCC, where the liver’s
compromised function due to underlying cirrhosis or hepatitis can influence patient outcomes independent
of tumor response”. In the end, extending the quantity of life must also be balanced with quality of life, to
ensure that treatment benefits are not outweighed by adverse effects. Therefore, OS remains a critical
measure for clinicians to evaluate and refine TACE as a treatment for HCC, guiding decision making to
optimize patient outcomes'””.

Comparing surrogate measures of response with clinical outcomes

The pathological response to TACE is recognized as a potential indicator of local disease control. Since the
Child-Pugh score at the first TACE procedure remains the most robust predictor of overall survival in HCC,
the pathological response cannot fully mirror the patient’s clinical response to treatment. This underscores
the importance of evaluating treatment outcomes not only in terms of pathological changes but also in how
these changes translate into tangible clinical benefits for patients”. Criteria for HCC response, which
include measures of enhancement, are more reliable than tumor size alone in their ability to predict
survival. Patients in the CR category in mRECIST have improved survival. While a link between
pathological response and clinical outcomes is proposed, a thorough assessment should integrate
radiological findings with clinical evaluations to form a complete prognosis'”.

ASSESSMENT CRITERIA BASED ON THE TYPE OF TREATMENT

The treatment of liver tumors, whether by surgical or non-surgical methods, demands distinct evaluation
criteria due to the different mechanisms by which these treatments impact the disease.

Surgical treatments

Resection is the removal of the tumor along with a margin of healthy tissue. It is typically reserved for
patients with sufficient liver function and without widespread liver involvement. The primary assessment
criteria include complete resection with negative margins (Ro resection), post-surgical liver function, and
the absence of postoperative complications like bile leaks or liver failure. Liver Transplantation is
considered for patients with early-stage HCC who meet specific criteria such as the Milan Criteria (single
tumor < 5 cm or up to 3 tumors each < 3 cm). The success is evaluated based on survival rates (1-year,
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5-year survival), recurrence rates, graft function, and LI-RADS criteria.

Non-surgical treatments

Ablative Techniques (e.g., Radiofrequency Ablation, Microwave Ablation) are used primarily for small
tumors and in patients who are not suitable for surgery. The efficacy is assessed using imaging criteria such
as the absence of viable tumor tissue on follow-up imaging and the size reduction of the ablated area over
time. TACE is suitable for patients with multifocal HCC who do not have vascular invasion or extrahepatic
spread, assessing response to TACE discussed above. Systemic Therapies (e.g., Sorafenib for HCC) are used
for advanced liver cancers with extensive liver involvement or metastatic disease. The effectiveness is usually
evaluated using mRECIST criteria based on changes in tumor size and number, as systemic treatments
generally aim for disease stabilization rather than complete tumor eradication. These diverse treatment
strategies and their corresponding assessment criteria reflect the complexity and heterogeneity of liver
tumors, emphasizing the need for a tailored approach based on the individual patient’s disease stage and
overall health [Figure 3].

FUTURE DIRECTIONS

HCC management is moving toward an integrative approach that combines imaging results with
pathological insights and other biological markers to fine-tune the monitoring of TACE responses and
enhance patient management strategies”® [Figure 4]. Innovations such as hyperpolarized MRI, novel PET
imaging radiotracers, and radiomic imaging assessment are at the forefront of these advancements. For
instance, the observation of blurred tumor boundaries and peripheral enhancement often indicates
peripheral micro invasion surrounding the tumor, which is closely associated with prognosis following
surgery. Traditionally, microvascular invasion (MVI) can only be confirmed through postoperative
pathological analysis. However, the advent of sophisticated computer algorithms has propelled numerous
studies in recent years to employ radiomics and deep learning techniques for the preoperative prediction of
MVI. This approach demonstrates a significant shift toward utilizing cutting-edge technologies to enhance
diagnostic accuracy in assessing outcomes of treatment response”®*”. In the context of TACE and TARE,
radiomics features have been linked to key outcomes such as overall survival, progression-free survival, and
specific response rates. This utility reflects the capacity of radiomics to capture subtle changes in tumor
texture and heterogeneity post-treatment, providing a more accurate assessment of efficacy to help guide
subsequent management***. Advances in technology have enabled the integration of radiomics and
radiogenomics with clinical data to enhance decision making in cancer treatment, particularly in identifying
biomarkers for immunotherapy. Functional and molecular imaging techniques provide comprehensive
qualitative and quantitative assessments of tumors and immune cells, which are crucial for developing
reliable biomarkers despite the challenges posed by tumor heterogeneity. Furthermore, artificial intelligence,
including machine learning and deep learning, has revolutionized the extraction of image-based features,
facilitating the characterization of tumor phenotypes and the prediction of treatment responses. Studies
exemplify how radiomic profiles correlated with biological markers can predict responses to
immunotherapy, underscoring the potential of imaging data in managing complex cases where traditional
biomarkers fall short. Emerging approaches like radiogenomics are beginning to link imaging features with
genomic data, offering promising insights into patient-specific treatment outcomes, particularly in non-
small cell lung cancer and glioblastomas'**..

CONCLUSION

In summary, the ultimate measure of treatment response centers on patient-derived clinical outcome
measures such as overall survival. Pathological analysis, traditionally held as the gold standard for
measuring treatment response, has a poor correlation with clinical outcome measures. Advances in the
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Figure 3. Optimal assessment method for different HCC treatments at different disease stages. HCC: Hepatocellular carcinoma; LI-

RADS: liver imaging reporting and data system; mRECIST: modified RECIST; EASL: European Association for the Study of the Liver; OS:
overall survival; TTR: time to recurrence; QoL: quality of life.
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Figure 4. Leveraging a mix of assessment tools and cutting-edge technologies like hyperpolarized MRI and radiomics may refine the
accuracy of monitoring treatment responses. MRI: Magnetic resonance imaging.

molecular characterization of tumors have begun to improve our understanding of tumor biology and the
predictive value of pathologic characterization. Imaging measures of response provide a non-invasive
surrogate to clinical response, providing a snapshot of immediate tumor response and bearing a better
correlation to clinical response assessment. By synthesizing advances in molecular pathology with advances

in molecular and functional imaging, radiomics, and artificial intelligence, future measures of treatment
response will better correlate with clinical measures of patient outcomes.
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