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Abstract
Hepatocellular carcinomas (HCCs) frequently recur des
pite initial successful surgical resection or local ablation 
therapy. Diagnostic methods for small HCCs have im
proved with the introduction of gadoxetic acid-enhanced 
liver magnetic resonance imaging and diffusion-weighted 
imaging (DWI). Currently, sub-centimeter recurrent no
dules showing typical hallmark imaging findings of HCC 
are frequently detected in patients with a treatment 
history for HCC. With five typical magnetic resonance 
findings, including arterial enhancement, washout on 
portal or transitional phase, high signal intensity on both 
T2-weighted image and DWI, and low signal intensity 
on hepatobiliary phase, sub-centimeter recurrent HCC 
can be diagnosed with high accuracy. Although more 
information is needed to determine the treatment of 
choice, local ablation therapy under fusion imaging and/or 
contrast-enhanced ultrasound guidance or cone-beam 
computed tomography-guided chemoembolization seem 
to be promising as they are effective and safe for the 
management of sub-centimeter recurrent HCCs. 
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Core tip: Sub-centimeter recurrent nodules can be diag
nosed as hepatocellular carcinomas (HCC) in patients with 
a history of HCC using five typical magnetic resonance 
findings, including arterial enhancement, washout on 
portal or transitional phase, high signal intensity on both 
T2-weighted image and diffusion-weighted imaging, and 
low signal intensity on hepatobiliary phase. Local ablation 
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therapy under fusion imaging and/or contrast-enhanced 
ultrasound guidance or cone-beam computed tomography-
guided chemoembolization seems to be promising as they 
are effective and safe. Further comparative studies are 
warranted to determine the best treatment options.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is characterized by fre­
quent recurrence despite the initial success of curative 
treatments, such as surgical resection and local ablation 
therapy, with recurrence rates 5 years after treatment 
ranging from 73% to 100%[1-4]. For patients with a 
treatment history of HCC, instead of ultrasound (US), 
computed tomography (CT) or magnetic resonance 
imaging (MRI) is typically used for follow-up[5]. Recent 
advances in CT and MRI technology have facilitated ear­
lier detection of recurrent HCCs, and currently, small 
hepatic lesions, even sub-centimeter nodules, are more 
frequently detected than before by using gadoxetic acid-
enhanced MRI and diffusion-weighted imaging (DWI)[6,7]. 
As tumor size is one of the important predictive factors 
affecting treatment outcomes of recurrent HCC[8], early 
diagnosis is crucial for favorable prognosis in patients 
with recurrent HCC. 

Noninvasive diagnostic criteria for sub-centimeter 
HCC have yet to be established. According to the guide­
lines of the American Association for the Study of Liver 
Disease (AASLD) and the European Association for the 
Study of the Liver-European Organization for Research 
and Treatment of Cancer (EASL-EORTC), imaging diag­
nosis for HCC is applicable only for nodules larger than 1 
cm in patients with risk factors for HCC[9-11]. In contrast, 
guidelines from other associations allow noninvasive 
diagnosis of sub-centimeter HCC based on typical im­
aging hallmarks in patients with chronic liver disease or 
cirrhosis[11-16], even allowing the treatment of such sub-
centimeter nodules in patients with a history of HCC[17,18].

Percutaneous radiofrequency (RF) ablation has been 
widely accepted as a valuable first-line treatment option 
for HCCs 3 cm or smaller[9,19]. The outcome of RF ablation 
for sub-centimeter HCCs is expected to be excellent, as 
tumor size is a major determinant of local tumor control 
with RF ablation[19]. Meanwhile, if RF ablation for sub-
centimeter HCCs is to be performed successfully, tumors 
need to be identifiable by using guiding modalities, 
such as CT or US. However, small HCCs are sometimes 
challenging to detect using unenhanced CT or conven­
tional B-mode US[20,21]. In terms of US guidance, fusion 
imaging of conventional B-mode US with pre-acquired 

CT/MR images and/or contrast-enhanced US (CEUS) 
improves tumor visibility and technical feasibility of RF 
ablation for HCC[22-27]. 

DIAGNOSIS OF SUB-CENTIMETER 
RECURRENT HCC
Unlike other malignant tumors, HCC can be diagnosed by 
non-invasive imaging criteria of intense contrast uptake 
during the arterial phase followed by contrast washout 
during the venous phases in contrast-enhanced CT or 
MRI[10,28,29]. In terms of tumor size, however, Western 
guidelines, such as the AASLD and EASL guidelines, 
recommend US follow up at 3-4 mo intervals for sub-
centimeter nodules instead of instantaneous diagnosis 
of HCC. This policy is based on the beliefs that confident 
diagnosis of sub-centimeter HCC is almost impossible 
with current imaging techniques. Even if a definitive 
diagnosis of HCC for such small nodules is possible, over 
diagnosis may cause more harm than good[28]. Mean­
while, according to the Liver Imaging Reporting and 
Data System (LI-RADS) classification, which endorses 
a conservative approach, even though a definitive diag
nosis of HCC cannot be established, “probable” HCC 
can be given for sub-centimeter nodules with typical 
imaging hallmarks of HCC. Interestingly, the LI-RADS 
system also integrates imaging features not related to 
tumor enhancement patterns, such as presence of a 
tumor capsule or threshold tumor growth over time[30]. 
Furthermore, Eastern guidelines, such as the Asian-
Pacific Association for the Study of the Liver, the Korean 
Liver Cancer Study Group-National Cancer Center, and 
the Japan Society of Hepatology, allow imaging diagnosis 
of sub-centimeter HCC[13,14,31]. 

The diagnostic algorithm in most imaging-based 
guidelines for HCC in treatment-naïve patients begins 
with nodule detection performed by US during HCC sur­
veillance[10,29,31]. On the other hand, diagnosis of recur­
rent HCC in patients with a treatment history of HCC 
has yet to be clearly established. Given that recurrent 
HCCs are common due to either metastasis from original 
tumor or de novo carcinogenesis, early diagnosis of 
recurrent HCC and application of appropriate rescue 
therapy are crucial for improved survival outcomes. For 
this reason, CT or MRI is frequently used for follow up 
after treatment. However, according to a recent meta-
analysis[32], diagnosis of sub-centimeter HCC using either 
CT or MRI may be challenging, and per-lesion sensitivity 
was significantly lower for sub-centimeter HCCs than 
that for HCCs 1 cm or larger. Currently, gadoxetic acid 
is commonly used as a contrast agent for liver MRI and 
has shown significantly higher per-lesion sensitivity 
than MRI performed using other contrast agents[32]. This 
improved diagnostic performance is primarily attributed 
to hepatobiliary phase images in which most HCCs are 
seen as nodules with hypo-intensity[33]. 

Recent studies using gadoxetic acid-enhanced MRI 
suggest that sub-centimeter recurrent HCC can be 
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diagnosed based on five typical MR findings, including 
arterial enhancement, washout on portal or transitional 
phase, high signal intensity on both T2-weighted image 
and DWI, and low signal intensity on hepatobiliary phase 
(Figure 1)[17,18]. In a previous study, the progression rate 
of sub-centimeter nodules fulfilling the aforementioned 
five MR findings for overt HCC larger than 1 cm within 
12 mo was as high as 89.9% (33/36) in patients with a 
treatment history of HCC[17]. Interestingly, the initial size 
of the sub-centimeter nodules was an important predictor 
for progression to overt HCC, with an optimal cut-off 

value of 5.5 mm. Similar results were found in a recent 
study in which 95.8% (23/24) of sub-centimeter nodules 
with the aforementioned five MR findings increased in 
size larger than 1 cm at follow up CT or MRI, eventually 
fulfilling the Western diagnostic criteria for HCC. In 
addition, all three sub-centimeter nodules that were 
managed with surgical resection or liver transplantation 
were pathologically confirmed to be HCCs. These findings 
suggest that there is very little false positivity for HCC 
when sub-centimeter nodules show the typical five MR 
findings of HCC in patients with a treatment history for 
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Figure 1  45-year-old man with a history of left hemihepatectomy for hepatocellular carcinoma. A 6-mm recurrent hepatocellular carcinoma (HCC) in segment 
5 of the liver is seen on magnetic resonance imaging. The nodule (arrow) shows arterial enhancement (A), washout on transitional phase (B), high signal intensity 
on both T2- and diffusion-weighted images (C and D), and low signal intensity on hepatobiliary phase (E). On planning ultrasound (US) with fusion imaging (F), the 
nodule was invisible using real-time US image (left figure) at the corresponding site of the fused magnetic resonance image (right figure). When contrast-enhanced 
ultrasound (CEUS) using Sonazoid (GE Healthcare, Oslo, Norway) was added to fusion imaging, there was a nodule (arrow) with arterial enhancement (G) and low 
echogenicity in the post-vascular phase (H). Under CEUS-added fusion imaging guidance (I), the radiofrequency (RF) electrode was accurately placed through the 
tumor (arrow). At follow up computed tomography obtained immediately after RF ablation (J), the index tumor was completely ablated with sufficient ablative margin 
(arrowhead). 
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specificity and to avoid overtreatment (Figure 2). Since 
there are currently no universally accepted imaging cri­
teria for the diagnosis of sub-centimeter HCC, the diag­
nostic criteria using gadoxetic acid-enhanced MRI may 
warrant further validation, especially in patients without 
a treatment history of HCC. Nevertheless, it is our under­
standing that sub-centimeter recurrent HCCs can be 
accurately classified as HCCs based on five typical MR 
findings in patients with a treatment history of HCC[17,18].

MANAGEMENT OF SUB-CENTIMETER 
RECURRENT HCC
There is controversy regarding the optimal management 
of sub-centimeter nodules showing typical imaging 

HCC. In other words, sub-centimeter recurrent nodules 
in the liver after treatment for HCC can be accurately 
diagnosed as recurrent tumors when the lesions exhibit 
typical hallmark imaging features of HCC on gadoxetic 
acid-enhanced liver MRI. This implies that sub-centimeter 
recurrent HCCs can be treated as soon as they are 
detected[34].

In a recent study[35], 81.3% (13/16) of sub-centi­
meter nodules meeting the typical five MR findings 
in patients without a history of HCC were eventually 
confirmed as HCC. This result suggests that sub-centi
meter nodules exhibiting all five diagnostic hallmarks 
of HCCs on MRI are highly likely to progress to HCC in 
high-risk patients without a treatment history for HCC. 
However, great caution is required when applying MRI-
based diagnosis of sub-centimeter HCCs to retain high 
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Figure 2  78-year-old man with a history of radiofrequency ablation for hepatocellular carcinoma. A 6-mm enhancing nodule in segment 6 of the liver is seen 
on magnetic resonance imaging (MRI). Although the nodular lesion (arrow) shows arterial enhancement (A), it did not show washout on transitional phase (B). The 
lesion shows high signal intensity on both T2- and diffusion-weighted images (C and D), and low signal intensity on hepatobiliary phase (E). As the lesion did not show 
typical imaging features of hepatocellular carcinoma (HCC), the patient was followed with MRI. At follow up MRI obtained 3 mo later, the lesion disappeared (now 
shown here), suggesting the lesion was not HCC.
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patterns consistent with HCC[29]. According to updated 
EASL practice guidelines[29], the panel recommends local 
multidisciplinary board discussion for the management 
of patients with sub-centimeter lesions showing typical 
imaging features of HCCs. Given that the incidence of 
microscopic vascular invasion or satellite nodules would 
be rare for sub-centimeter HCC, a wait-and-see policy 
may be chosen until the tumor grows larger than 1 cm 
if the patient has no treatment history of HCC. However, 
it is noteworthy that the cost of intense imaging follows 
up and patient anxiety cannot be ignored when the wait-
and-see strategy is adopted. 

In contrast to treating naïve patients, a wait-and-see 
policy may not always lead to favorable clinical outcomes 
in patients with a treatment history of HCC if the recur­
rent tumor exhibits aggressive tumor biology (Figure 3). 
Rapid tumor progression with portal vein invasion can 
occur in patients with sub-centimeter recurrent HCC[17]. 
As with every tumor, it is preferable to treat recurrent 
HCC as soon as possible if early treatment can offer bet­
ter therapeutic outcomes.

Until now, there have been no solid data assessing 
whether immediate treatment or a wait-and-see strategy 
should be followed to achieve better outcomes in patients 
with sub-centimeter recurrent HCC. According to a re­
cent study[36], recurrence-free survival in patients with 
sub-centimeter HCC did not vary between immediate 
treatment and wait-and-see groups. However, the pre­

vious study is limited by its retrospective study design 
and small sample size. Of note, treatment outcomes 
of the immediate treatment group may be affected by 
lead time bias, meaning that if survival is counted from 
the date of diagnosis, moving the date of HCC diagnosis 
earlier artificially inflates patient survival, despite the treat
ment being ineffective. Therefore, optimal treatment time 
of sub-centimeter recurrent HCCs warrants prospective 
evaluation in a well-designed study to determine whether 
immediate treatment produces better therapeutic out­
comes compared to a wait-and-see approach.

If sub-centimeter recurrent HCCs are going to be man­
aged immediately after detection, treatment should be 
both effective and safe. Until now, treatment algorithms 
for recurrent sub-centimeter HCC have not been docu­
mented in most guidelines on HCC management, as 
studies dealing with therapeutic efficacy and safety are 
rare. Applying surgical resection to such small recurrent 
tumors may be too invasive, especially in patients with a 
previous history of surgical resection, portal hypertension 
or poor performance status[37]. In addition, patients with 
multifocal HCCs may not benefit from surgical resection 
due to the risk of liver failure.

In contrast to surgical resection, percutaneous RF 
ablation may play an important role in the management 
of sub-centimeter recurrent HCCs, as it is effective and 
safe for the management of patients with small HCCs. 
However, it is challenging to localize sub-centimeter 

Figure 3  61-year-old man with a history of transarterial chemoembolization for hepatocellular carcinoma. A 6-mm recurrent hepatocellular carcinoma in 
segment 8 of the liver is seen by magnetic resonance imaging (MRI). The tiny nodule (arrow) shows arterial enhancement (A) and high signal intensity on diffusion-
weighted image (B). Unfortunately, there was no mention of the lesion in the radiologic report, and the tumor was unintentionally diagnosed late. At follow up MRI 
obtained 6 mo later, the lesion (arrow) had increased in size and measured up to 22 mm on arterial phase (C) and diffusion-weighted image (D). Given that the lesion 
had irregular margins and showed rapid growth, the tumor might have aggressive tumor biology. 
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HCCs under B-mode US guidance, one of the most 
widely used guiding modalities[38,39]. Currently, more 
advanced US technologies, such as fusion imaging and 
CEUS, which are useful for guiding local ablation the­
rapy of small HCCs with poor B-mode US conspicuity, 
are available in our clinical practice[24,25,27,40,41]. A recent 
article addressed the technical feasibility and therapeutic 
outcomes of percutaneous fusion imaging-guided RF 
ablation for sub-centimeter recurrent HCC[18]. The feasi­
bility of percutaneous RF ablation for sub-centimeter 
HCCs was 65.7% (138/210). Among 125 patients who 
were treated with RF ablation, both technical success 
and technique efficacy rates were as high as 98.4% 
(123/125). The rates of major complication and local 
tumor progression were 2.5% (3/119) and 7.3% (9/123), 
respectively. These results indicate that percutaneous 
fusion imaging-guided RF ablation is safe and effective 
for sub-centimeter recurrent HCCs. 

However, fusion imaging with or without CEUS is not 
always satisfactory to localize sub-centimeter HCCs. Ac­
cording to a previous study[18], percutaneous RF ablation 
was not feasible in 34.3% (72/210) of sub-centimeter 
recurrent HCCs primarily due to poor lesion conspicuity. 
Although RF electrodes may be positioned based on 
anatomic landmarks, such as hepatic vascular structures, 
technical feasibility of fusion imaging-guided RF ablation 
is a predictive factor for local tumor progression[24]. 
Along with US, CT is also widely used for guidance of RF 
ablation. However, unenhanced CT guidance is of little 
value in accurately localizing sub-centimeter HCCs[20]. 
MRI may be used as an alternative guiding modality for 
sub-centimeter HCCs as it has several advantages, such 
as near real-time guiding capability using fluoroscopic 
imaging, higher sensitivity in depicting small hepatic 
lesions, free selection of imaging planes, monitoring 
tissue temperature, and absence of ionizing radiation 
hazard[42,43]. Moreover, according to a recent study[44], 
planning, applicator placement and therapy monitoring 
are feasible even without contrast enhancement. For 
these reasons, MR guidance seems to be promising for 
the treatment of sub-centimeter HCCs. Feasibility and 
therapeutic outcomes of MR-guided local ablation therapy 
of sub-centimeter recurrent HCCs warrant further investi­
gation. 

Recently, Hyun et al[45] reported that combined trans­
arterial chemoembolization (TACE) and RF ablation is 
an effective treatment for HCCs that are not suitable 
for US-guided RF ablation. Theoretically, intratumoral 
accumulation of radio-opaque iodized oil used in TACE 
can make the target tumor visible by either fluoroscopy 
or CT images. TACE also increases the echogenicity 
and conspicuity of small HCC on US, as microbubbles 
generated during emulsion preparation might act as 
strong sonic reflectors, such as sonographic contrast 
agents[46]. Therefore, placement of RF electrodes into the 
tumor would be possible under US, CT, or fluoroscopy 
guidance. In a previous study[45], as expected, the tech­
nical success rate of combined treatment was as high as 

99% (93/94) in HCCs 3 cm or smaller. However, more 
data are needed to assess whether combined treatment 
is also effective for sub-centimeter HCCs. 

Cone-beam CT-guided TACE can also be used as 
an alternative locoregional therapy for sub-centimeter 
recurrent HCCs since it provides a high degree of tech­
nical feasibility and is safe[37]. High technical feasibility of 
cone-beam CT-guided TACE may be attributed to its high 
spatial resolution and capability to select intra-arterial 
bolus injection of contrast media during CT angiography. 
Surprisingly, Choi et al[37] reported that initial follow up 
CT images after cone-beam CT-guided TACE showed 
complete response in all 57 patients with probable sub-
centimeter HCCs. In addition, the 1-, 2-, and 3-year 
local tumor progression rates were 10.4%, 21.7%, 
and 35.7%, respectively. Furthermore, cone-beam CT 
hepatic angiography provides higher detectability of 
small hypervascular HCCs than does multi-detector CT, 
and additional small hypervascular HCCs missed on 
CT are frequently detected with cone-beam CT hepatic 
angiography[37,47]. The high technical feasibility and de­
tectability of obscured lesions using cone-beam CT are 
major advantages over percutaneous US-guided RF ab­
lation, in which technical feasibility is affected by tumor 
location and lesion conspicuity on US. Further studies are 
warranted to evaluate the therapeutic efficacy of cone-
beam CT-guided TACE compared with other treatment 
options, such as RF ablation.

Stereotactic body radiation therapy (SBRT) may 
also be used as an alternative locoregional therapy for 
patients with small HCCs. Lewandowski et al[48] recently 
reported that this method provides response rates, 
tumor control, and survival outcomes comparable to 
curative-intent treatments for selected patients with 
early-stage HCC who have preserved liver function. 
Until now, however, there have been insufficient clinical 
data regarding treatment outcomes after SBRT for sub-
centimeter HCCs in the literature.

CONCLUSION
Sub-centimeter recurrent tumors that develop after 
successful curative treatment of HCC can now be accu­
rately diagnosed based on typical hallmark findings 
using gadoxetic acid-enhanced liver MRI. Local ablation 
therapy using fusion imaging and/or CEUS guidance is 
effective and safe for the management of sub-centimeter 
recurrent HCC. However, local ablation therapy is not 
always feasible due to tumor location and lesion conspi­
cuity on US. Cone-beam CT-guided TACE may also play 
an important role for the treatment of sub-centimeter 
recurrent HCC due to its high technical feasibility and 
safety profile. Although there are insufficient data, other 
treatment modalities, such as SBRT, may be applicable 
for the management of patients with sub-centimeter 
recurrent HCCs with curative intent. Further comparative 
studies are warranted to determine the best treatment of 
choice for recurrent sub-centimeter HCCs and to establish 
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treatment algorithms for recurrent sub-centimeter HCC.
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