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Abstract
Hepatocellular carcinoma (HCC) is a leading cause of cancer death worldwide and within the United States. Liver trans-
plant or partial liver resection is the definitive treatment of choice for HCC; however, the majority of cases are detected 
in advanced stages due to its early-stage asymptomatic nature, often precluding surgical treatment. Locoregional therapy 
plays an essential role in HCC management, including curative intent, as a bridge to transplant, or in some cases palliative 
therapy. Radiologists play a critical role in assessing tumor response following treatment to guide further management that 
may potentially impact transplantation eligibility; therefore, it is important for radiologists to have an understanding of dif-
ferent locoregional therapies and the variations of imaging response to different therapies. In this review article, we outline 
the imaging response to ablative therapy (AT), transarterial chemoembolization (TACE), selective internal radiation therapy 
(SIRT), and stereotactic body radiation therapy (SBRT). We will also briefly discuss the basic concepts of these locoregional 
therapies. This review focuses on the imaging features following locoregional treatment for hepatocellular carcinoma fol-
lowing AT, TACE, SIRT, and SBRT.
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Introduction

Liver cancer is the 4th leading cause of cancer death and the 
6th most diagnosed cancer worldwide for males and females 
of all ages, with Hepatocellular Carcinoma (HCC) the most 
common hepatic malignancy [1]. Within the United States, 
liver cancer is the 5th most common cause of death among 
men and the 7th among women as of 2019; the increase 
in death rate has been associated with the high prevalence 
of hepatitis C infection and the obesity epidemic [2]. Liver 
transplantation (LT) remains the definitive treatment as it 
removes both the tumor and cirrhosis, with 4-year survival 
of 75% for patients transplanted within Milan criteria (single 
tumor less than 5 cm; no more than three tumors each not 
exceeding 3 cm; no angioinvasion; no extrahepatic involve-
ment) [3]. However, geographic disparities still exist in 
access to LT for HCC patients with recent increasing wait-
ing list registration, increased time from listing to LT, and 
increased probability of drop-out while on the waiting list 
[4]. In addition, the majority of HCC cases are detected in 
advanced stages, with lack of symptoms in the early stages, 
making transplant or surgical resection a non-viable option 
[5]. Even among patients meeting initial criteria and listed 

for transplantation, up to 43% will eventually drop off the 
list due to reasons ranging from tumor progression beyond 
transplant criteria to death prior to transplant [6]. The major 
international guidelines that provide clinicians an overview 
of the care for patients with HCC are the European Associa-
tion for the Study of Liver Disease (EASL), the American 
Association for the Study of Liver Disease (AASLD), and 
the Asian Pacific Association for the Study of Liver Disease 
(APASL) [7–9]. A well-known staging system for HCC that 
has been externally validated is the Barcelona Cancer Liver 
Clinic (BCLC), endorsed by the AASLD and EASL and has 
been discussed in previous publications [7, 8, 10]. Locore-
gional therapy (LRT) has made many advancements and has 
become the cornerstone for bridge to transplant (accepted 
transplant candidate within Milan criteria while on the wait-
ing list), downstaging to within Milan criteria, and treat-
ment of intermediate-stage HCC [7, 8]. Both the AASLD 
and EASL suggest bridging to transplant in early-stage HCC 
to decrease the risk of progression of tumor burden and sub-
sequent drop-out from the waiting list, with no recommen-
dation of one LRT over another [7, 8]. For downstaging, 
the AASLD and EASL suggest that HCC beyond Milan 
criteria be considered for a liver transplant after successful 
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downstaging to within Milan criteria with LRT [7, 8]. The 
radiologist has a central role in guiding therapy selection, as 
well as evaluating tumor response to different locoregional/
ablative therapies in patients with HCC. In this review arti-
cle, we will discuss different locoregional therapies, their 
technical approach, indications and contraindications, tumor 
response assessment, pitfalls encountered in interpretation, 
and treatment complications, focusing on imaging charac-
teristics. Currently, both MRI and CT are used to evaluate 
HCC treatment response and the use of either is appropriate 
by international guidelines. This article will focus only on 
MRI features, however, multi-phasic post-contrast CT find-
ings are analogous to MRI.

Response criteria

Response classification using specific response criteria 
allows for research standardization, streamlined interdisci-
plinary dialog, and standardization of terminology used. The 
commonly used response criteria are the modified Response 
Criteria in Solid Tumor (mRECIST) and the European Asso-
ciation for the Study of the Liver (EASL) criteria, which 
use dynamic contrast-enhanced Computed Tomography 
(CT) or Magnetic Resonance Imaging (MRI) during arterial 
enhancement as a marker of tumor viability (no enhance-
ment being a marker of necrosis, and arterial enhancement a 
marker for residual or viable tumor) [11, 12], these has been 
discussed in previous publications.

Liver imaging reporting and data system 
(LI‑RADS)

LI-RADS latest version was published in 2018 (LI-RADS 
v2018) and integrated by the AASLD as an image-based 
diagnosis for HCC [7, 13]. LI-RADS v2018 diagnostic 
algorithm for CT and MRI has a 4-step approach with 8 
categories and intended for untreated observations without 
histological diagnosis in high-risk patients. It also provides 
suggested management for each category from the AASLD 
2018 consensus [13]. For treated observations, LI-RADS 
treatment response algorithm v2017 was developed to 
asses these observations regardless of the type of locore-
gional and loco-ablative therapies used while taking in to 
account locoregional therapy done for curative intent, bridge 
to transplantation, or treatment of advanced disease [14]. 
Viability is defined by LI-RADS v2017 based on imaging 
characteristics and developed for consistent reporting and 
guiding management, keeping in mind that the assessment 
of tumor viability by imaging may not be concordant with 

pathological viability [14]. The major metric of viability is 
arterial phase hyperenhancement and/or washout [14].

Ablation

Clinical evidence, indications, and contraindications

Ablative procedures can be broadly divided into non-
energy ablation (chemical ablation) and energy-based abla-
tion (thermal and non-thermal) [15]. This includes radi-
ofrequency ablation (RFA), microwave ablation (MWA), 
cryoablation, ethanol injection, and irreversible electropo-
ration. Other than liver transplant, the AASLD recom-
mendation for resectable HCC (1 to 3 unilobar lesions up 
to 5 cm for single lesion or 3 cm for ≥ 1 lesion, without 
extrahepatic spread or vascular invasion, and BCLC stage 
0 or A) is surgical resection over RFA while EASL recom-
mends RFA as first-line therapy for BCLC 0 in favorable 
location or as an alternative to hepatic resection (HR) for 
BCLC A for single tumors 2–3 cm [7, 8]. However, not all 
patients are able to undergo resection which can be due to 
poor hepatic reserve or multilobar distribution of tumor 
with only 9–29% able to tolerate resection [16]. Recent 
meta-analysis has demonstrated higher overall survival 
and disease-free survival for surgical resection compared 
to RFA in very early and early HCC, but with a shorter 
duration of hospital stay for RFA. [16, 17]. RFA is still the 
standard of care when percutaneous ablation is considered. 
Contraindications include bleeding diastasis, ECOG > 3, 
Child–Pugh C, tumor invasion of major hepatic bile ducts, 
and proximity to hallow viscus [18]. The choice between 
HR and ablation procedures is dependent on institutional 
protocol, operators experience, resources available, size 
and number of tumors, multidisciplinary discussions, and 
overall liver reserve.

Assessment of HCC response to ablation

The mechanism of action for RF, MWA, and cryoab-
lation is beyond the scope of this article and has been 
described elsewhere [19–21]. RFA and MWA have similar 
post-ablation image findings. The ablation zone is usu-
ally 5–10 mm larger than the tumor to account for micro-
metastasis and microvascular invasion not seen on pre-
ablation images and technical success is dependent on the 
ablation zone being larger than the tumor [15] (Fig. 1). 
Expected early (1–6 months) post-ablation MRI findings 
include foci of air which usually resolve on follow-up and 
heterogenous T1 hyperintensity and T2 hypointensity from 
hemorrhagic products and coagulation necrosis, which 
can be easily identified with subtraction sequences [22]. 
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T2 hyperintensity indicates either liquefactive necrosis 
or biloma formation [22]. Expected early (1–6 months) 
periablation changes include peripheral rim enhancement 
from reactive hyperemia or T2 hyperintense rim from 
edema, this should progressively decrease over 4–9 months 
[22]. Expected chronic (> 6 months) post-ablation MRI 
include an ablation zone that is iso or hypointense on 
T2 [22, 23]. Disease progression is described as residual 
unablated tumor (persistent viable tumor after ablation) 
or local tumor progression (Development of new tumor 
after 1 prior image showing no viable tumor) [15]. Resid-
ual unablated tumor and local progression occur at the 
periphery and appear as an eccentric, focal, nodular T2 
hyperintensity with enhancement on T1 arterial phase 
[24]. Residual unablated tumor is common at the periph-
ery from causes of inadequate ablation due to nearby large 
vessels (heat sink effect), insufficient safety margin, or 
suboptimal technique [25]. Advantage of cryoablation is 
real-time monitoring of ice ball to insure adequate abla-
tion margin ≥ 5 mm [26]. In the first 24 h after cryoabla-
tion, the 2 prognostic factors for local tumor progression 
are minimal ablation margin ≤ 3 mm and ≥ 3 mm blood 
vessel adjacent to the ablation margin [26]. Unlike RFA 
and MWA, persistent tumor enhancement in the first 24 h 

following a technically successful cryoablated margin is 
common and not prognostic of tumor progression (Likely 
freeze injury causing vasodilation of coursing vessels with 
leakage followed by reperfusion) [26]. The tumor enhance-
ment eventually decreases over 2–7 months.

Pitfalls in tumor response evaluation after ablation

Post ablation inflammatory edema and vascular fibrous tis-
sue are common. This appears as T2 hyperintense ablation 
zones with enhancement that mimic residual tumor. In this 
case, a determination of adequate tumor margin ablation is 
done by comparing pre-ablation, procedural, and immedi-
ate post-ablation images. If partial ablation is detected then 
the chances of residual tumor are high and discussions 
with multidisciplinary team are warranted for further treat-
ment [24]. Like RFA and MWA, early periablation arterial 
enhancement may be evident from cryoablation due to reac-
tive hyperemia. This usually resolves on follow-up imag-
ing or may develop (as early as 3 months) a peripheral ring 
enhancement that is T1 and T2 hypointense with enhance-
ment on delayed imaging indicating a fibrous capsule [22].

Fig. 1   Cryoablation complete response. a–c Segment 6 peripheral 
arterially enhancing lesion (a white arrow) with T2 FS hyperintensity 
(b yellow arrow) and restricted diffusion (c red arrow), this was sus-
picious and multidisciplinary discussion deciding to ablate the lesion. 
d Cryoablation with monitoring of ice ball, ice ball covering ≥ 5 mm 

of lesion and considered a technical success. e, f Three months post 
cryoablation shows pre-contrast T1 mixed signal intensity (e white 
arrowhead) and no residual enhancement on subtraction images (f red 
arrowhead)
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Complications of ablative procedures

RFA, MWA, and Cryoablation are generally safe procedures 
[27, 28]. Complications can be classified into vascular, bil-
iary, extrahepatic, infectious, and tumor seeding with each 
subclassified as minor or major [27, 28]. Vascular compli-
cations include portal vein thrombosis, hepatic infarction, 
subcapsular or intraparenchymal hemorrhage from mechani-
cal injury, and mechanical injury to vessels causing pseu-
doaneurysm or arterial–portal shunt [29]. Biliary complica-
tions include bile duct leakage leading to biloma formation, 
biliary stricture, acute cholecystitis for ablated lesions near 
the gallbladder, and rarely gallbladder perforation [29]. 
Extrahepatic complications include mechanical injuries such 
as diaphragm perforation, pneumothorax, and rarely bowel 
perforation [29]. Infectious complications include abscess 
formation that appears as foci of air with clinical symptoms 
of fever and abdominal pain to support the diagnosis [29]. 
Tumor seeding is rare and appears as enhancing irregular 
lesions along the tracks of ablation electrode, it is common 
with superficial and subcapsular tumors [24].

Selective arterial embolization

Clinical evidence, indications, and contraindications

Transarterial embolization has gained wide acceptance and 
is the first-line therapy for asymptomatic intermediate-stage 
HCC without portal vein thrombosis and with preserved liver 
function (Child–Pugh B and less), early-stage HCC as bridge 
to transplantation, downstaging to within Milan criteria, 
or when curative resection and ablative therapies are con-
traindicated [8]. This treatment is based on super-selective 

arterial occlusion of tumor feeding vessels with embolic 
material with or without chemotherapeutic agent delivery, to 
achieve tumor devascularization and complete tumor necro-
sis. Different techniques and approaches exist; this includes 
transcatheter arterial embolization (TAE), conventional tran-
sarterial chemoembolization (cTACE) by arterial emboliza-
tion and delivery of chemotherapeutic agent by ethiodized 
oil, and Transarterial Chemoembolization with drug-eluting 
beads and super absorbent polymer microspheres loaded 
with doxorubicin (DEB-TACE). The choice between TAE, 
cTACE, and DEB-TACE is influenced by a number of fac-
tors including operator preference and institutional protocol.

Assessment of HCC response to TACE

When using cTACE, lipiodol usually stains the treated 
lesion for months while DEB-TACE usually washes out 
within hours. Non-contrast CT is obtained within 48 h to 
assess technical success as lipiodol uptake in the entire 
tumor (the desired scenario) is correlated with complete 
necrosis [30]. If incomplete retention is seen, another ses-
sion of cTACE can be scheduled [31]. If no retention is 
seen, then an aberrant supply needs to be considered and 
repeated angiography to identify variant anatomy [31]. 
A set of two TACE procedures is performed 2–8 weeks 
apart depending on treatment efficacy and need to re-treat, 
tolerance of treatment, and reaching complete response. 
Expected successful embolization within 1 month is the 
absence of enhancement on imaging that is the hallmark 
of a fully treated lesion (Fig. 2) [32]. Coagulative necrosis 
with proteinaceous/hemorrhagic debris appears hyperin-
tense on T1 with no enhancement on subtraction sequence 
and hypointense on T2, if liquefactive necrosis it appears 
hyperintense on T2 [33]. A complete thin rim of peripheral 

Fig. 2   Different patterns of enhancement after TACE treatment. 
a Rim-like smooth peripheral enhancement is usually benign and 
resolves on follow-up imaging. b–d Incomplete peripheral ring 
enhancement, nodular-like enhancement, or nodular foci of enhance-

ment adjacent to the zone of embolization are suspicions for local 
recurrence or viable tumor. Note that geographic foci enhancement 
with no washout are often seen which maybe benign vascular shunts
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enhancement embolization zone is likely benign. Expected 
residual/recurrent appears as incomplete ring, nodular, or 
satellite enhancement particularly if there is washout on 
venous or delayed phase imaging (Fig. 3) [32]. If suspi-
cious enhancement is present, it can be re-assessed on 
a follow-up study with increasing size of enhancement 
or increasing nodularity indicating residual or recurrent 
tumor [32]. Diffusion-weighted imaging (DWI) can be 
used to as a secondary tool to evaluate tumor response 
where restricted diffusion (High DWI, low ADC) indicates 
intact tumor cells and increased diffusivity (Low DWI, 
high ADC) indicates necrosis [34]. Although there have 
been conflicting data in the use of DWI and ADC values in 
early response, a recent meta-analysis evaluating DWI and 
ADC in diagnosing residual or recurrent tumor found DWI 
had a sensitivity of 85% and specificity of 83% [35]. There 
is promise in using DWI and ADC values in early response 
assessment, however, it should be used as an adjunct and 
not a replacement for traditional response assessment until 
further research is undertaken. Currently, no standardized 
follow-up routine exists with a paucity of evidence to dic-
tate a suitable follow-up method. At authors institution, 

follow-up MRI imaging is routinely performed at the end 
of the 1st month after embolization, 3rd month, and every 
6 months thereafter.

Pitfalls in tumor response evaluation after TACE

Well-circumscribed homogenous enhancement of a treated 
lesion that persists on arterial and portal venous phases can 
occur post-TACE on early post-treatment MRI imaging; 
this finding is thought to reflect evolving granulation tissue 
(Fig. 4) [32]. This should not be confused with residual or 
recurrent disease as it does not demonstrate typical wash-
out on portal venous or delayed phases, and close follow-up 
within 3 months is warranted to document resolution/stabil-
ity. There may also be transient hepatic intensity difference 
(THID) appearing as wedge-shaped early enhancement. This 
represents benign perfusional change and can be differenti-
ated from residual tumor, as it is isointense to surrounding 
parenchyma on portal venous and delayed phases (Fig. 5).

Fig. 3   Recurrence adjacent 
to the zone of ablation. A 
64-year-old male with chronic 
hepatitis C and infiltrative HCC 
on imaging. Underwent primary 
treatment with TACE. a, b 
Pre-TACE multi-phase T1 scan 
shows a large arterially enhanc-
ing lesion in the right lobe (a) 
with heterogeneous washout 
on portal venous phase (b). c 
2 months post-TACE multi-
phase T1 arterial subtraction 
image with no residual enhance-
ment of the embolized region. 
d 8 months post-TACE shows 
arterial enhancement surround-
ing the previous embolized 
lesion, classified as LR-TR
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Complications of TACE

The most common clinical complication of TACE is post-
embolization syndrome immediately after treatment, pre-
senting as fever, nausea, vomiting, and abdominal pain; 
this does not have an imaging correlate. Among complica-
tions with an imaging correlate is non-target embolization 
[36]. Inadvertent embolization of the cystic artery causes 

imaging characteristics of cholecystitis including perichol-
ecystic fluid and gallbladder wall thickening [33]. If the 
gastroduodenal artery is embolized this may result in pan-
creatitis, with imaging findings similar to other causes of 
pancreatitis [36]. The intrahepatic bile ducts are supplied 
exclusively by hepatic arterial branches. Microvascular 
damage to peribiliary plexuses from TACE is hypothe-
sized to cause bile duct necrosis with bile leakage, which 

Fig. 4   Benign non-nodular peripheral rim enhancement post-TACE. 
A 72 year old with segment 5 HCC and Pre-TACE AFP 509 ng/dl. 
a Two months post-TACE dynamic T1 portal venous phase shows a 
thin non-nodular rim enhancement surrounding the embolized lesion 

(white arrow). b Five months post-TACE T1 arterial phase subtrac-
tion image shows resolution of smooth peripheral rim enhancement. 
Benign finding and usually resolves on follow-up. AFP normalized to 
3 ng/dl at 2 months post-TACE

Fig. 5   Perfusional changes post-
TACE. A 70-year-old male with 
chronic hepatitis C and HCC 
by imaging criteria. Underwent 
DEB-TACE as bridge-to-ther-
apy. a–c 1 month post-TACE 
dynamic T1 WI shows regional 
late arterial hypo-enhancement 
(a white circle) subsequently 
isointense to surrounding liver 
on portal venous phase (b). c 
5 months post-TACE dynamic 
T1 WI images show resolution 
of regional arterial hypo-
enhancement
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can lead to biloma formation [37]. This appears on imag-
ing as a T2 hyperintense collection with no enhancement 
(Fig. 6), with or without secondary infection or abscess 
[37]. A rare complication with high mortality following 
TACE is HCC rupture, with only a few case reports in the 
literature [38].

Selective internal radiation therapy

Clinical evidence, indications, and contraindications

SIRT involves selectively delivering tumoricidal doses of 
radiation to target lesions while minimizing radiation to the 
non-target regions of the liver. This is achieved by super-
selectively delivering either glass or non-degradable resin 
loaded with yttrium-90 (Y-90). Y-90 is a beta emitter that 
decays to stable zirconium-90 as the primary mode of action 
and causes microembolization of the vasculature as a sec-
ondary mode of action [39]. Treatment simulation and shunt 
fraction simulation are an important part of successful and 
safe Y-90 treatment, however, it is beyond the scope of this 
article and has been described elsewhere [40]. Although rad-
iofrequency ablation (RFA) is recommended for unresect-
able BCLC A and TACE for BCLC B, SIRT has emerged as 
an alternative treatment option. The choice between differ-
ent LRT is influenced by institutional protocol and operator 
experience. Indications for SIRT based on consensus panel 
recommendations are intermediate (BCLC B) or advanced 
stage (BCLC C) HCC who have contraindications to TACE 

or sorafenib, a life expectancy of at least 3 months, and 
patients who fail first-line therapies for BCLC A, B, or C 
[41, 42]. Contraindications to SIRT include a hepatopul-
monary shunt that would deliver 30 Gy or more radiation 
to the lung (defined on a pretreatment 99mTc macro-aggre-
gated albumin (MAA) shunt study), extrahepatic uptake 
that cannot be corrected with angiographic embolization, 
excessive tumor burden (tumor volume exceeding 50% of 
the liver volume in cirrhotic patients and > 70% in non-cir-
rhotic patients), and elevated total bilirubin > 2 mg/dl in the 
absence of a reversible cause [41, 42].

Assessment of HCC response to SIRT

SIRT mechanism of action is predominantly caused by radi-
ation effects with minimal microembolization rather than 
the flow-related ischemic effects of TACE [43]. Expected 
response occurs over several months [3–6 months] with 
initial reduction in enhancement before reduction in size 
and image assessment is recommended at a minimum of 
3 months after SIRT (Fig. 7) [44]. Other early post-treatment 
findings (First 6 months) are pseudoprogression and thin 
non-nodular peripheral enhancement. Pseudoprogression is 
seen as initial increase in tumor size with reduced enhance-
ment from necrosis, this occurs at a mean of 29–31 days and 
persists for several months [44]. Thin non-nodular peripheral 
enhancement is a benign finding that persists for 1–8 months 
[45]. Persistent or residual enhancement is a diagnostic chal-
lenge; in the first months this can appear as nodular or thick/
uneven enhancement [45]. If short-term follow-up imaging 
(≤ 3 months) shows increase in the enhancing portion then 
is it viable tumor and re-treatment is warrant [45]. If follow-
up imaging shows stable or decrease in enhancement, then 
it indicates successful treatment as enhancement pattern 
(Nodular or thick) after Y-90 has no predictive value for 
viable tumor (Fig. 8) [46]. DWI may have a role in deter-
mining response in the early period when no change in size 
is present. A study showed that an increase in ADC value 
as early as 30 days may detect response to Y-90 before a 
change in size [47]. Currently, DWI generally serves as a 
complementary secondary assessment and not a substitute 
for primary anatomic/viability assessment criteria [48].

Pitfalls in tumor response evaluation after SIRT

After SIRT, there may be lesional and perilesional 
changes. Lesional changes include hemorrhagic/proteina-
ceous debris from tumor necrosis that appear hyperin-
tense on T1 sequence and no enhancement on subtrac-
tion images. Perilesional changes include peritumoral 
geographic enhancement, hepatic atrophy with fibrosis, 
and capsular retraction. Expected early findings include 
peritumoral geographic changes that appear as increased 

Fig. 6   Three months post-TACE Biloma. A 65-year-old male liver 
cirrhosis who underwent DEB-TACE. 2 WI images demonstrate scat-
tered high signal intensities (white arrows), finding consistent with 
biloma formation
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parenchymal enhancement on arterial or portal venous 
phases. DWI can distinguish post-inflammatory changes 
from viable tumor; increased ADC value indicates 
inflamed tissue and not residual tumor [44]. An expected 
finding on later follow-up of ablation zone (≥ 6 months) 
includes hepatic atrophy with fibrosis (Fig. 9), contralat-
eral lobar hypertrophy, increased portal vein diameter, and 
splenic volume that can mimic imaging criteria for portal 
hypertension. Capsular retraction occurs on late follow-up 
(≥ 6 months) and is caused by treated tumors in subcapsu-
lar location undergoing necrosis that distorts the margins 
[44].

Complications of SIRT

Although SIRT is a well-tolerated procedure, complica-
tions can occur. The peribiliary plexuses are susceptible to 
microsphere occlusion leading to injury, bile leakage, and 
biloma formation [49]. This may lead to superinfection 
with hepatic abscess formation [49]. Another complica-
tion, especially with bilobar treatment, is radioemboli-
zation-induced liver disease (REILD), which manifests 

4–8 weeks after treatment with incidence ranging between 
0 and 8% [50]. This is similar to the radiation-induced 
liver disease that can be caused by SBRT, with pathologi-
cal changes consistent with veno-occlusive disease. Imag-
ing features are non-specific and include heterogeneous 
enhancement or hypo-enhancement on the portal venous 
phase. Diagnosis should take into account the clinical pic-
ture and laboratory findings supporting the diagnosis of 
REILD.

Stereotactic body radiation therapy

Clinical evidence, indications, and contraindications

In the past, radiation therapy to the liver was limited due 
to the low tolerance of the whole liver, as no more than 
30–35  Gy can be given without the risk of radiation-
induced liver disease [51, 52]. However, in recent years, 
advances in radiotherapeutic treatment planning allow for 
delivery of radical radiation doses to tumor while preserv-
ing adjacent normal tissue. This allows dose escalation to 
a target lesion with high conformal ablative radiation dose 

Fig. 7   Complete response after 
SIRT. A 79-year-old male with 
an HCC lesion and Child–Pugh 
A cirrhosis. a T1 WI portal 
venous phase demonstrates the 
lesion in the dome of the liver. 
b 3 months post SIRT T1WI 
arterial phase subtracting the 
precontrast axial T1WI MR 
shows similar size of the nod-
ule/lesion with no intralesional 
enhancement (white arrow). c 
There is necrosis of surrounding 
liver parenchyma evidenced by 
lack of enhancing parenchyma 
on portal venous phase (white 
arrowhead). d 8 months post 
SIRT T1WI hepatic venous 
phase shows reduction in size 
of the zone of ablation and no 
intrazonal enhancement consist-
ent with complete response 
(white arrow)
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[51, 53, 54]. Despite the data available for the efficacy 
and safety of external beam radiation therapy, EASL and 
AASLD state that further large-scale prospective studies 
are needed [7, 8]. A consensus on SBRT for HCC at the 
7th Asian-pacific primary liver cancer expert meeting in 
2017 outlined the indications for SBRT: 1–5 lesions with 
a maximum diameter of 5 cm, contraindications or refrac-
tory to locoregional/other ablative therapies to be used as 
palliative or bridge to transplant, a minimum distance from 
gastrointestinal luminal tissue of 5 mm, and preferably 
Child–Pugh class B7 or less [55].

Assessment of HCC response to SBRT

Assessment of HCC response to SBRT requires evalua-
tion of changes in internal enhancement characteristics 
and changes in target lesion size [56]. Assessment of tumor 
response is undertaken with multi-phase contrast-enhanced 
CT or MRI. Fiducial markers may confound CT evaluation 
of treatment changes, and MRI may be preferred [57]. In the 
first 12 months, arterial tumor enhancement with or without 
portal venous washout may persist in the early months and 

gradually decreases over time. Persistent arterial enhance-
ment soon after treatment does not necessarily indicate 
residual tumor. Instead, this may reflect early inflamma-
tion as progressive necrosis may take up to 12 months, a 
finding unique to SBRT and SIRT (Fig. 10) [58, 59]. This 
is followed by a gradual reduction in size that occurs over 
6–12 months. It should be noted that mRECIST and ELAS 
take into account the viability of the tumor, it is unclear 
if these criteria apply to HCC treated with SBRT, as the 
treatment and mechanism of tumor death differ from other 
locoregional and ablative therapies and may not be well 
suited for evaluating HCC post-SBRT; more validation 
studies are needed to define this [59]. In a paper by Oldrini 
et al. studying MRI predictive factors for tumor response 
after SBRT, the authors concluded that a reduction in T2 
signal intensity and absence of tumor DWI signal intensity 
three months following treatment correlated with subsequent 
complete response according to RECIST [60].

Fig. 8   Thick/uneven enhance-
ment post SIRT. An 80-year-old 
female with treated HCC by 
SIRT on follow-up imaging. a 
2 months post SIRT T1 arterial 
phase subtraction image shows 
uneven, thick arterial enhance-
ment (white arrow), this was 
followed closely. b 5 months 
follow-up shows resolution of 
uneven enhancement and more 
prominent thin rim of peripheral 
enhancement on arterial phase 
(white arrow). c 9 months post 
SIRT shows decrease in size 
and the thin rim enhancement 
is less prominent on follow-
up. SIRT and SBRT responses 
occur over several months, this 
highlights the delayed response 
nature for these treatment 
modalities
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Pitfalls in tumor response evaluation after SBRT

The liver parenchyma within the non-ablative field surround-
ing the target lesion undergoes temporal imaging changes 
following SBRT, the changes in imaging appearance are 
referred to as focal liver reaction (FLR). FLR can be divided 
into acute (1–3 months), subacute (3–6 months), and chronic 
(> 6 months) and are discussed in the pitfalls section. The 
acute phase manifests on imaging as arterial phase hyperen-
hancement conforming to the shape of the non-ablative dose 
irradiated field that can either persist or show hypo-enhance-
ment on the portal venous phase (Fig. 11) [56, 58]. The 
subacute phase manifests on imaging as hypo-enhancement 
on portal venous phase and hyperenhancement on delayed 
phase [58, 59]. In the chronic phase, there is fibrosis forma-
tion with volume loss, and if the lesion is subcapsular in 
location there may be associated atrophy/capsular retrac-
tion of the liver. On imaging, this will appear as minimal 
arterial enhancement with progressive hyperenhancement 
on the delayed phase from fibrosis and rim-like loss of signal 
on in-phase MRI [56]. Regarding lesional changes, a com-
mon finding in the short-term follow-up (< 3 months) period 
after SBRT is increased tumor size with persistent arterial 

enhancement and portal venous washout similar to SIRT 
(Fig. 12). This usually resolves in the subacute phase on 
follow-up and a size decrease will be apparent at 3–6 months 
[58, 59]. Rim-like enhancement on arterial or portal venous 
phase imaging can occur surrounding the liver lesion from 
FLR in the acute and subacute phases; this usually resolves 
in the chronic phase.

Complications of SBRT

The most common complications are gastrointestinal and 
hepatic toxicity [61]. The rate of GI and hepatic complica-
tions are 4.7% (95% CI 3.4–6.5) and 3.9% (95% CI 2.6–5.6) 
[61]. Liver toxicity is in the form of RILD which can present 
as subclincal inflammation of elevated LFT or decline in 
Child–Pugh score with hepatomegaly, ascites, right upper 
quadrant pain, and elevated alkaline phosphatase [62]. There 
are no specific imaging findings and the diagnosis is clinical. 
If the radiation field is close to bowel, there is risk radiation-
induced inflammation [62]. For radiation fields at the hepatic 
dome, there is risk of radiation-induced pneumonitis [63].

Fig. 9   Inflammatory edema, 
fibrotic changes, and mild 
capsular retraction post SIRT. A 
68-year-old male with an HCC 
lesion underwent SIRT (receiv-
ing a dose of 3.37 GBq). a 
1.5 months post SIRT dynamic 
T1 WI arterial image demon-
strates ill-defined wedge-shaped 
peripheral enhancement (white 
arrow) and T2 WI b high signal 
intensity from inflammatory 
changes and edema (white 
circle). c 12 months post SIRT 
T1 WI delayed scan shows 
enhancement consistent with 
fibrotic changes and progres-
sive capsular retraction (white 
arrowhead)
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Fig. 10   Schematic overview of temporal changes to HCC treated with SBRT. HCC hepatocellular carcinoma, SBRT stereotactic body radiation 
therapy

Fig. 11   Acute phase FLR arte-
rial enhancement. A 67-year-old 
female with past medical history 
of HCV diagnosed with HCC, 1 
month post SBRT treatment. a 
T1 dynamic MRI arterial phase 
demonstrates perilesional arte-
rial enhancement (white arrow). 
b Delayed phase demonstrates 
iso-intensity to surrounding 
liver parenchyma with no delay 
in contrast clearance. A com-
mon finding in the acute phase 
(1–3 months) of slow portal 
flow appearing as perilesional 
arterial enhancement
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Conclusion

Several locoregional and ablative therapies are available for 
the management of HCC. Radiology plays a key role in treat-
ment selection, response assessment following therapy, and 
detection of treatment complications. It is therefore crucial 
for diagnostic radiologists to understand the indications for 
therapy, common patterns of treatment response, complica-
tions, and imaging pitfalls in order to interpret studies accu-
rately in these patients.
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