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Background: With the development of imaging technology, an increasing number of 
subcentimeter hepatocellular carcinoma (HCC) has been detected. How to manage these 
lesions remains controversial and lacks evidence. We aimed to explore whether timely 
treating subcentimeter HCC is necessary considering the risks of false-positives and treat-
ment failure.
Methods: In this retrospective study, we reviewed HCC patients treated with hepatectomy 
or ablation in our institution. Then, we enrolled 439 HCC patients with solitary lesion 
measuring up to 2 cm from November 1, 2009 to June 30, 2019. The baseline and clinical 
characteristics of these patients were collected. The patients were classified into primary and 
recurrent groups. The Kaplan–Meier method with Log-rank test was performed to compare 
the overall survival (OS) and recurrence-free survival (RFS) between patients with subcen-
timeter HCC and those with HCC measuring 1–2 cm. Univariate and multivariate analyses 
were adopted to identify prognostic factors for survival.
Results: The OS and RFS did not differ significantly between patients with subcentimeter 
HCC and those with HCC measuring 1–2 cm in the primary group (p = 0.12 and 0.75). 
Similar results were found in the recurrent group. In multivariate analysis, the albumin- 
bilirubin (ALBI) grade and serum alpha fetoprotein (AFP) level were significantly associated 
with OS and RFS in the primary group. The serum AFP level was the only factor that 
correlated with OS and RFS in the recurrent group.
Conclusion: Routine screening for subcentimeter HCC is feasible. Considering uncertain 
diagnosis and treatment difficulties, it is more considerable to follow patients until lesions are 
larger than 1 cm and then provide curative treatments.
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Introduction
Hepatocellular carcinoma (HCC) is the most common liver malignancy and ranks 
as the fourth leading cause of cancer-related mortality.1 Curative treatments can 
achieve a five-year survival rate of approximately 80% in patients with solitary 
HCC measuring up to 2 cm.2 This promising survival rates motivates wide surveil-
lance programs for the population at risk for HCC.3 The introduction of magnetic 
resonance imaging (MRI) contrast agent gadoxetic acid increase the detection rate 
of small HCCs.4 Consequently, the proportion of newly diagnosed early-stage HCC 
has been increasing in recent years.5 Among these early lesions, how to manage 
subcentimeter hepatic nodules remains controversial.
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Although multiphasic contrast-enhanced MRI and com-
puted tomography (CT) can accurately diagnose HCC, their 
diagnostic performance is unsatisfactory for subcentimeter 
lesions; even with gadoxetic acid-enhanced MRI, the posi-
tive predictive value is only 48.3%.6–9 The diagnostic value 
of biopsy is also limited, with a false-negative rate of more 
than 30% due to sampling errors.10 Considering this diag-
nostic dilemma, both the American Association for the 
Study of Liver Diseases (AASLD) and the European 
Association for the Study of the Liver (EASL) propose 
routine screening for subcentimeter lesions.10,11 In contrast, 
the Japan Society of Hepatology (JSH) recommends imaging 
diagnosis for hypervascular subcentimeter hepatic lesions 
with washout in delayed phases and proposes hepatectomy 
or percutaneous ablation for these nodules.12 However, all of 
the aforementioned recommendations lack evidence.

In addition to primary subcentimeter lesions, these small 
nodules are more commonly detected with contrast-enhanced 
MRI or CT during the follow-up of HCC patients after cura-
tive treatments.13,14 Ablation is more suitable than resection 
for recurrent HCC due to the insufficient remnant liver and 
progressive hepatic dysfunction.15,16 Unfortunately, subcenti-
meter hepatic nodules are hard to visualize with ultrasound or 
CT, which limits the application of ablation.14,17 It is worth 
considering whether risking treatment failure to treat subcen-
timeter HCCs in a timely manner is necessary.

In this study, we aimed to compare the survival of 
patients with primary or recurrent subcentimeter HCCs 
and those with corresponding HCCs measuring 1–2 cm 

after curative treatments and to elucidate the optimal man-
agement for subcentimeter hepatic lesions.

Patients and Methods
Patients
We reviewed HCC patients treated with hepatectomy or 
ablation in Sun Yat-sen University Cancer Center from 
November 1, 2009 to June 30, 2019. A total of 7267 
patients were enrolled. Patients were excluded according 
to the following criteria: 1) having HCC larger than 2 cm 
(n = 6109); 2) with multiple HCCs (n = 606); and 3) 
diagnosed with benign lesions, cholangiocarcinoma or 
combined hepatocellular-cholangiocarcinoma, or liver 
metastasis from other malignancies (n = 113). Eventually, 
we identified 45 solitary subcentimeter lesions and 394 
solitary lesions measuring 1–2 cm in this study. All the 
hepatic nodules showed typical hypervascularity in the 
arterial phase and washout in the portal or delayed phases 
on MRI. The research flow chart is presented in Figure 1 
in detail. Patients’ baseline and clinical characteristics 
were collected including gender, age at diagnosis, virus 
infection, albumin-bilirubin (ALBI) grade, alpha fetopro-
tein (AFP) level, cirrhosis, tumor size and treatment mod-
alities. This study was performed in compliance with the 
ethical standards of the 1964 Helsinki declaration and was 
approved by the institutional review board of Sun Yat-sen 
University Cancer Center (approval number: B2020- 
104-01).

Figure 1 The flowchart of patients included in this study.
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Statistical Analyses
The oncological outcomes were compared between patients 
with subcentimeter HCC and those with HCC measuring 
1–2 cm in the primary and recurrent groups, respectively. Chi- 
square or Fisher’s exact tests were adopted to compare base-
line categorical variables. Two-sample independent t-tests 
were performed to compare continuous variables with 
a normal distribution. The Kaplan–Meier (K-M) method 
with Log rank test was adopted to compare overall survival 
(OS) and recurrence-free survival (RFS) between patients with 
subcentimeter HCC and those with HCC measuring 1–2 cm. 
The OS was measured from the date of curative treatments to 
the date of death or last follow-up. The RFS was defined as the 
period from the date of curative treatments to the date of 
recurrence or last follow-up. Univariate and multivariate Cox 
regression models were adopted to identify significant factors 
for the OS and RFS. A two-tailed P value of less than 0.05 was 
considered statistically significant.

Results
Characteristics of Patients with 
Subcentimeter HCC and Those with 
HCC Measuring 1–2 Cm
The entire cohort consisted of 242 patients with primary 
HCC (17 with subcentimeter HCC and 225 with HCC 
measuring 1–2 cm) and 197 patients with recurrent HCC 
(28 with subcentimeter HCC and 169 with HCC measuring 
1–2 cm). No significant difference was found in gender, age 
at diagnosis, virus infection, ALBI grade, serum AFP level 
or cirrhosis between patients with subcentimeter HCC and 
those with HCC measuring 1–2 cm in both the primary and 
recurrent groups. The mean diameters of the subcentimeter 
HCC were 7.47 mm and 7.68 mm in the primary and 
recurrent groups, respectively. The mean diameter of the 
1–2 cm HCCs was slightly smaller in the recurrent group 
than in the primary group. In the primary group, patients 
with subcentimeter HCC were more likely to undergo hepa-
tectomy than those with HCC measuring 1–2 cm (p = 
0.044). No significant difference was found in treatment 
modalities between patients with subcentimeter HCC and 
those with HCC measuring 1–2 cm. The detailed data are 
listed in Table 1. Supplementary Figure 1 shows the MRI 
and pathological images of an 8.6-mm HCC.

Survival Outcomes
The median follow-up was 24.37 months. At the end of the 
study, 85 (35.1%) and 85 (43.1%) patients suffered from 

relapse in the primary and recurrent groups, respectively. 
The median RFS times were 14.27 months and 12.90 months 
in the primary and recurrent groups, respectively. The 1- and 
2-year RFS rates were 73.3% and 66.7% in the primary 
group and 75.4% and 66.5% in the recurrent group, respec-
tively. For the whole cohort, no significant difference was 
found in RFS or OS between patients with subcentimeter 
HCC and those with HCC measuring 1–2 cm (p = 0.51 and 
0.08). The survival curves are shown in Figure 2A and D. For 
patients with primary HCC, the RFS and OS of patients with 
subcentimeter HCC did not significantly differ from those of 
patients with HCC measuring 1–2 cm (p = 0.75 and 0.12) 
(Figure 2B and E). Similar results were found in the recurrent 
group (p = 0.98 and 0.34) (Figure 2C and F).

In univariate analyses, the ALBI grade and serum AFP 
level were significantly associated with OS and RFS in the 
primary group. However, only the serum AFP level corre-
lated with OS and RFS in the recurrent group. Detailed 
data are shown in Table 2.

Although treatment modalities showed a significant 
association with RFS in both the primary and recurrent 
groups, patients receiving ablation had worse liver func-
tion and a relatively larger tumor size (p<0.001 and = 
0.044). After balancing these prognostic factors with pro-
pensity score matching (PSM), no significant association 
was found between treatment modalities and RFS in either 
the primary or recurrent groups (p = 0.056 and 0.052). 
Patients’ data after PSM are provided in data of the 
primary group after propensity score matching. In multi-
variate analyses, the ALBI grade and serum AFP level 
were significantly associated with OS and RFS in the 
primary group (p = 0.003 and 0.019; p = 0.024 and 
0.027, respectively). In the recurrent group, only serum 
AFP was related with OS and RFS (p = 0.033 and 0.034, 
respectively). Detailed data are listed in Supplementary 
Table 1.

Discussion
To the best of our knowledge, this is the first real-world 
study evaluating the survival outcomes of patients with 
subcentimeter HCC and those with HCC measuring 
1–2 cm after curative treatments. We found no significant 
difference in OS or RFS between patients with subcenti-
meter HCC and those with HCC measuring 1–2 cm. These 
results suggested that wait-and-see strategy is recommend-
able for patients with subcentimeter HCCs.

The Barcelona Clinic Liver Cancer (BCLC) system 
defines solitary HCC measuring up to 2 cm as very early 
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stage in patients with preserved liver function.18 The five- 
year survival rate can reach approximately 80% in these 
patients.2 Even patients with early-stage recurrent HCC had 
comparable survival to those with primary HCCs after cura-
tive treatments.19 The promising survival improves people’s 
awareness of follow-up and motivates widely executed sur-
veillance. In addition, advances in imaging technology allow 
for better detection and diagnosis of small hepatic lesions.13 

Improvements in surveillance policy and technology have 
led to an increasing number of detected subcentimeter hepa-
tic lesions. Although the diagnostic performance of multi-
phasic contrast-enhanced CT/MRI has developed in recent 
years, their diagnostic accuracy is still relatively poor for 
subcentimeter HCC. Though the diagnostic performance of 
contrast-enhanced US for small HCCs has been improving, it 
still remains uncertain for subcentimeter HCCs.20 In addition 
to imaging, biopsy is also limited in confirming subcenti-
meter HCCs due to sampling errors.10

Considering the current diagnostic difficulties, the 
management of subcentimeter HCC remains controversial 
at present. The AASLD and ESMO propose continued 
follow-up for subcentimeter hepatic nodules detected dur-
ing surveillance, regardless of whether there are typical 
imaging features of HCC.10,11 The initial growth rate of 
subcentimeter HCC is usually low, so curative treatments 
are almost always available for HCCs measuring up to 
2 cm at diagnosis.21 However, according to the JSH guide-
lines, hepatic nodules showing hypervascularity in the 
arterial phase and washout in the delayed phase can be 
diagnosed as HCC regardless of tumor size. Liver resec-
tion or percutaneous ablation is recommended for these 
patients.12 These aforementioned suggestions lack eviden-
tiary support, and a multidisciplinary team is recom-
mended for such tiny lesions. Our study evaluated the 
oncologic outcomes of patients with subcentimeter HCC 
and those with HCC measuring 1–2 cm, and the survival 

Table 1 Baseline Characteristics of Patients with Subcentimeter HCC and HCC Measuring 1–2 Cm

Variables Primary HCC Recurrent HCC

< 1cm ≥ 1cm P < 1cm ≥ 1cm P

Case number 17 225 28 169

Gender 0.639 0.828

Male 15 (88.2) 181 (80.4) 23 (82.1) 145 (85.8)

Female 2 (11.8) 44 (19.6) 5 (17.9) 24 (14.2)

Age, years 0.186 0.404

≤60 13 (76.5) 128 (56.9) 19 (67.9) 97 (57.4)
>60 4 (23.5) 97 (43.1) 9 (32.1) 72 (42.6)

Virus infection 0.829 0.237
HBV 15 (88.2) 190 (84.4) 22 (78.6) 149 (88.2)

HCV 0 (0.0) 4 (1.8) 0 (0.0) 2 (1.2)

None 2 (11.8) 31 (13.8) 6 (21.4) 18 (10.7)

ALBI grade 0.396 0.967

I 16 (94.1) 187 (83.1) 26 (92.9) 153 (90.5)
II 1 (5.9) 38 (16.9) 2 (7.1) 16 (9.5)

AFP (ng/mL) 0.582 0.178

≤ 25 11 (64.7) 123 (54.7) 15 (53.6) 116 (68.6)

> 25 6 (35.3) 102 (45.3) 13 (46.4) 53 (31.4)

Cirrhosis 0.900 0.946

Yes 11 (64.7) 135 (60.0) 18 (64.3) 104 (61.5)
None 6 (35.3) 90 (40.0) 10 (35.7) 65 (38.5)

Tumor size (mm) 7.47±1.46 15.80±2.91 <0.001 7.68±1.12 14.59±2.96 <0.001

Treatment 0.044 1.000

Hepatectomy 13 (76.5) 108 (48.0) 8 (28.6) 49 (29.0)
Ablation 4 (23.5) 117 (52.0) 20 (71.4) 120 (71.0)
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times of these two cohorts were comparable in both the 
primary and recurrent groups. Routine screening ought to 
be suitable for patients with subcentimeter hepatic lesions, 
even for those with subcentimeter HCC in terms of safety 
and cost efficiency.

Percutaneous ablation, a minimally invasive but effi-
cient treatment, is recommended as the first-line therapy 
for patients with a solitary HCC lesion measuring up to 
2 cm.10,11 However, technical difficulties exist in ablation 
for subcentimeter HCC. Ultrasound (US) or CT is usually 
adopted to guide ablation procedures, but the detection 
rate of subcentimeter HCC is relatively low with US and 

CT, which makes tumor localization difficult.17 Even with 
the US/MRI fusion-guided technique, the feasibility rate 
for subcentimeter HCCs was only 65.7%.14 Considering 
that the feasibility rate was unsatisfactory in academic 
institutions with MRI guidance, the feasibility of ablation 
for subcentimeter HCC with US/CT can be worse in other 
institutions. In addition to localization difficulties, percu-
taneous ablation can cause bleeding and tumor track seed-
ing during treatment. With the coexistence of these risks, it 
may not be cost-effective to treat patients with subcenti-
meter HCC by ablation with a high risk of treatment 
failure.

Figure 2 The survival curves of patients with subcentimeter HCC and those with HCC measuring 1–2 cm. There was no significant different in the recurrence-free survival 
(RFS) (A) or overall survival (OS) (D) between patients with subcentimeter HCC and those with HCC measuring 1–2 cm for the whole cohort (p = 0.51 and 0.08). In the 
primary group, the RFS (B) and OS (E) were similar between patients with subcentimeter HCC and those with HCC measuring 1–2 cm (p = 0.75 and 0.12). Similar tendency 
was found in the recurrent group for the RFS (C) and OS (F) (p = 0.98 and 0.34).

Table 2 Univariate Analyses for Prognostic Factors of OS and RFS in the Primary and Recurrent Groups

Primary HCC Recurrent HCC

OS RFS OS RFS

Variables HR (95% CI) P HR (95% CI) P HR (95% CI) P HR (95% CI) P
Gender 2.01 (0.47–8.67) 0.349 1.09 (0.61–1.93) 0.778 2.37 (0.56–10.00) 0.241 0.97 (0.57–1.65) 0.903

Age, years 0.46 (0.20–1.10) 0.082 0.92 (0.59–1.42) 0.693 0.61 (0.29–1.31) 0.204 0.92 (0.64–1.34) 0.680

HBV infection – 0.936 0.48 (0.10–2.23) 0.349 – 0.975 1.00 (0.13–7.95) 0.999
ALBI grade 0.23 (0.09–0.57) 0.002 0.53 (0.30–0.95) 0.032 0.43 (0.16–1.14) 0.089 0.66 (0.36–1.18) 0.159

AFP, ng/mL 0.31 (0.12–0.79) 0.014 0.63 (0.41–0.97) 0.034 0.44 (0.20–0.93) 0.033 0.65 (0.44–0.97) 0.034

Cirrhosis 0.57 (0.31–1.91) 0.770 0.71 (0.45–1.12) 0.136 1.37 (0.64–2.93) 0.418 1.14 (0.78–1.67) 0.499
Tumor size 2.54 (0.74–8.70) 0.138 1.15 (0.50–2.64) 0.750 1.60 (0.61–4.25) 0.342 1.01 (0.58–1.74) 0.984

Treatment 1.10 (0.46–2.65) 0.824 0.54 (0.35–0.83) 0.005 1.41 (0.64–3.07) 0.394 0.57 (0.37–0.89) 0.014
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Current studies of subcentimeter HCCs mainly focus on 
the diagnostic accuracy of imaging, and few studies have 
explored how to manage these tiny lesions. Woo et al 
reported that the RFS was similar between patients under-
going early treatments and those receiving watchful waiting 
for subcentimeter hepatic nodules with typical imaging 
features of HCC.22 The mean diameters of the lesions 
were 7.4 mm and 11.2 mm in the early-treatment and watch-
ful-waiting groups, respectively. The RFS also did not differ 
significantly between patients with subcentimeter HCC and 
those with HCC measuring 1–2 cm in this study. However, 
the RFS in this study was better than that observed by Woo 
et al Only 25.9% (7/27) of patients received curative treat-
ments at the subcentimeter stage in the early-treatment 
group, and 55.6% (20/36) of patients underwent curative 
treatments in the watchful-waiting group. The treatment 
modalities were quite different in their study. Though trans-
arterial chemoembolization (TACE) can control the HCC 
progression with considerable cost-effectiveness, whether it 
can treat subcentimeter HCCs curatively remains 
uncertain.23 In addition, hepatectomy and ablation are first- 
line treatments for early-stage HCCs instead of TACE.11 All 
the patients in our study had a solitary HCC lesion up to 
2 cm and received curative treatments, which is closer to 
clinical practice for the population at high risk for HCC. 
Previous study found that the OS was similar between 
patients with primary subcentimeter HCC and those with 
HCC measuring 1–2 cm based on the data from the 
Surveillance, Epidemiology and End Results database.24 

The patients were mainly diagnosed with hepatitis C virus 
infection or non-alcoholic fatty liver disease in that study, 
and RFS was not evaluated.

Our results suggest that follow-up is suitable for patients 
with subcentimeter hepatic lesions, even for those with sub-
centimeter HCC. The follow-up protocol is rough for subcen-
timeter hepatic lesions currently. A precise protocol should be 
developed based on risk stratification. The subcentimeter 
hepatic lesions with typical imaging features are more pro-
gressive, so more intensive surveillance is suggested for 
patients with these nodules, such as examinations every two 
months. The growth rate of small HCC relates to cirrhosis, 
types of etiology and antiviral therapy.25,26 Patients with cir-
rhosis or high serum AFP levels should receive imaging 
examinations every 2–3 months. Biomolecules may also 
help identify those with more progressive HCCs and requiring 
more intensive surveillance for recurrence.27 To manage HCC 
patients after hepatectomy, combination of pathological and 
radiological characteristics can classify them into cohorts with 

different aggressiveness of HCCs, which can assist to develop 
individual follow-up protocol.28 Peri-hepatic-vein is a risk 
factor for recurrence, so lesions near hepatic veins may require 
more intensive follow-up during surveillance for recurrence.29 

Future studies should focus on developing a surveillance pro-
tocol with an individualized optimal follow-up interval based 
on risk stratification. Liver stiffness, a non-invasive test, can 
also help to identify patients at high risk for HCCs either for 
primary or recurrent ones.30,31 An optimal follow-up schedule 
can not only confirm very early-stage HCC in a timely manner 
but also prevent the unnecessary waste of medical resources.

If patients with subcentimeter hepatic lesions insist on 
receiving biopsy, it is unnecessary for those with negative 
results first to receive a secondary biopsy. If subcentimeter 
lesions are confirmed to be HCC, curative treatments can 
be provided for anxious patients. However, false-negative 
rate can reach 30% for HCCs < 2 cm, which can be higher 
for subcentimeter HCCs.10 For patients with negative 
pathological diagnosis or rejection of biopsy, definite and 
precise diagnosis cannot be made if they are treated with 
ablation. Subsequent management on these patients may 
be difficult without precise diagnosis. Even if these 
patients received laparoscopic hepatectomy for accurate 
diagnosis, the costs may be high in terms of economy 
and physiology.

This study has several limitations in addition to its 
retrospective nature. First, not all patients were patholo-
gically confirmed to have HCC. Of the patients with 
primary subcentimeter HCC, 76.5% of them received 
hepatectomy. Although the possibility existed that the 
ablated subcentimeter nodules were benign lesions, the 
survival of patients with subcentimeter HCC should be 
worse than that in this study, and the survival was even 
less likely to be significantly different between patients 
with subcentimeter HCC and those with HCC measuring 
1–2 cm. Second, patients were mainly infected with 
hepatitis B virus in this study. Whether our results can 
be applied to HCCs with other etiologies should be 
further explored. Third, the sample size of patients with 
subcentimeter HCCs was relatively limited in this study. 
The tumor staging and microvascular invasion of primary 
HCCs can affect the survival of patients with recurrent 
HCCs.32 However, the present sample size is insufficient 
for further classifying recurrent patients into subgroups 
based on tumor staging and microvascular invasion. 
Subcentimeter HCC is relatively rare in clinical practice, 
so multicenter studies are needed to further explore this 
issue and provide high-level evidence.
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In conclusion, the oncologic outcomes did not differ 
significantly between patients with subcentimeter HCC 
and those with HCC measuring 1–2 cm, in both the 
primary and recurrent cohorts. Routine screening is sui-
table for subcentimeter hepatic lesions detected during 
surveillance.
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