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Background and Aim: To assess the profile of global histone modifications in small 
hepatocellular carcinoma (small HCC) and identify its prognostic value in predicting 
recurrence.
Methods: The expression profiles of global histone modifications, including H2AK5AC, 
H2BK20AC, H3K4me2, H3K9AC, H3K18AC, H4K12AC, and H4R3me2, were evaluated 
with immunohistochemistry in 335 HBV related small HCC patients. Two histone signature 
classifiers were then developed using least absolute shrinkage and selection operator Cox 
regression. A nomogram was built using the classifier and independent risk factors. The 
performances of the classifier and nomogram were assessed by receiver operating character-
istic curves.
Results: Histone modifications were more pronounced in tumor tissues than in adjacent liver 
tissues. In tumor tissues, the risk score built based on the seven-histone signature exhibited 
satisfactory prediction efficiency, with an AUC = 0.71 (0.63–0.79) for 2-year survival in the 
training cohort. Patients with a high risk score had shorter recurrence-free survival than those 
with a low risk score (HR: 1.96, 95% CI: 1.24–3.08, p = 0.004; HR: 1.95, 95% CI: 
1.12–3.42, p = 0.019; and HR: 1.97, 95% CI: 1.39–2.80, p < 0.001 for the training, validation 
and total cohorts, respectively). Furthermore, the statistical nomogram built using the histone 
classifier for early recurrence had a C-index = 0.68. In non-neoplastic liver tissues, the 
hepatic signature based on H3K4me2 and H4R3me2 was related to late recurrence (HR: 
2.00, 95% CI: 1.15–3.48, p = 0.01).
Conclusion: Global histone modifications in tumor and adjacent liver tissues are novel 
predictors of early and late recurrence, respectively, in HBV-related small HCC patients.
Keywords: small hepatocellular carcinoma, histone modifications, recurrence, LASSO, 
prognosis

Introduction
Hepatocellular carcinoma (HCC) is the fourth most common cause of cancer-related 
death worldwide, with an incidence of approximately 850,000 new cases per year.1,2 

Chronic HBV and HCV infections are the most important causes of HCC and account 
for 80% of HCC cases globally.3 Over the past decades, the surveillance of at-risk 
populations along with the development of imaging techniques has contributed to the 
stably increasing detection of early-stage HCC, particularly small HCC (≤ 3 cm).4 The 
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diagnosis of small HCC allows patients to undergo poten-
tially curative treatments, such as surgical resection and 
ablation.5 Unfortunately, the surgical outcomes of small 
HCC patients remain unsatisfactory because of the high 
rates of tumor recurrence, including early recurrence (≤ 2 
years after resection) and late recurrence (> 2 years after 
resection). At present, for small HCC, 25–30% of patients 
experience early recurrence,6–8 and the 10-year recurrence- 
free survival (RFS) rate is only 22%, which is the main 
contributor to the 35% 10-year overall survival rate.9 

Therefore, it is necessary to identify small HCC patients 
with a high risk of recurrence to provide earlier intervention.

Over the last two decades, various prognostic systems 
have been proposed to address the inter-relationship of prog-
nostic factors among HCC patients and the complexity of 
HCC. The Barcelona Clinic Liver Cancer (BCLC) staging 
system is a crucial prognostic system for HCC patients and is 
widely used in clinical practice. However, the outcomes vary 
within the same stage, suggesting that the current systems, 
which mainly depend on clinicopathologic factors, inade-
quately reflect the biological heterogeneity of HCC, particu-
larly small HCC. Thus, the development of a novel 
comprehensive prognostic system that combines biomarkers 
for clinical practice is crucial.

Tumors are not only genetic diseases but also epigenetic 
diseases.10 Epigenetic alterations in cancer comprise gen-
ome-wide and locus-specific changes in DNA methylation 
and posttranslational histone modifications, which influence 
chromatin accessibility and gene activity without changing 
the DNA sequence.11,12 The reversible posttranslational 
modifications of histones, such as lysine acetylation, lysine 
methylation, and arginine methylation, are modified by chro-
matin-modifying enzymes. Previous studies have shown that 
overexpression of the writer EZH2, the protein that catalyzes 
repressive histone H3 lysine 27 trimethylation (H3K27me3), 
is significantly related to an aggressive biology and unfavor-
able prognosis in HCC.13–16 Global histone modifications 
have been a focus on biomarker development as effective 
predictors of clinical prognosis and treatment strategies in 
prostate, intestinal, pancreatic, and lung cancers.17–20 

Seligson et al first reported that, in combination with histone 
3 lysine 18 acetylation (H3K18AC), histone 3 lysine 9 
acetylation (H3K9AC), histone 3 lysine 4 dimethylation 
(H3K4me2), histone 4 lysine 12 acetylation (H4K12AC) 
and histone 4 arginine 3 dimethylation (H4R3me2), these 
changes indicated the risk of tumor recurrence in patients 
with low-grade prostate cancer.17 Multiple histones, 
H3K4me2, histone 2A lysine 5 acetylation (H2AK5AC), 

histone 2B lysine 12 acetylation (H2BK12AC), H3K9AC, 
and histone 4 lysine 8 acetylation (H4K8AC), were further 
analyzed by Barlési et al, who found that evaluating selected 
changes may help to select early-stage NSCLC patients for 
adjuvant treatment.18 However, the implication of these 
global histone modifications in HCC, particularly HBV 
related small HCC, is poorly understood.

In the present study, we used immunohistochemistry to 
evaluate the levels of the abovementioned factors 
(H2AK5AC, H3K4me2, H3K9AC, H3K18AC, H4K12AC, 
and H4R3me2) in addition to histone 2B lysine 20 acetylation 
(H2BK20AC) to clarify the prognostic value of global histone 
modifications in predicting recurrence in HBV related small 
HCC patients and to establish an effective prognostic classifier 
for predicting relapse with a practical and quantitative 
nomogram.

Methods
Study Population
The Institutional Medical Ethics Committee of Sun Yat-Sen 
University Cancer Center (SYSUCC) approved the present 
retrospective study (approval number: YB2017-026) and the 
study was informed in accordance with Declaration of 
Helsinki. Written informed consent was obtained from the 
patients before the study began. Pathologically confirmed, 
nonmetastatic small HCC samples were collected from the 
SYSUCC between 1998 and 2010. The inclusion criteria 
were as follows: (1) solitary small HCC (≤3 cm); (2) the 
presence of HBV surface antigens; (3) primary and curative 
resection; (4) no metastatic or residual disease; (5) no pre-
operative adjuvant therapy; and (6) complete clinical infor-
mation and follow-up data. All the cases included in this 
study were diagnosed by experienced pathologists. Tumor 
grades were determined following the criteria of the 
Edmondson-Steiner grading system. Patients with unknown 
causes of death were excluded.

Follow-Up and Outcomes
The evaluation and management approaches employed 
before surgical resection were previously described. After 
curative partial hepatectomy, the patients were examined 
using abdominal ultrasonography, chest radiography, labora-
tory tests and serum AFP analysis. These assessments were 
performed 1 month after resection and then generally in 
3-month intervals in the first 2 years and every 3–6 months 
in subsequent years until tumor recurrence was documented. 
For patients in whom tumor recurrence was suspected, 
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further tests, including computed tomography (CT) and mag-
netic resonance imaging (MRI), were performed, and biop-
sies were employed if necessary. Patients with confirmed 
recurrence underwent appropriate further treatment.

RFS was defined as the time from the date of surgery 
to the date of first tumor recurrence (local or distant 
metastasis identified by imaging and pathology). Cancer- 
specific overall survival (OS) was defined as the time from 
the date of surgery to the date of death as a result of HCC.

Tissue Microarray and 
Immunohistochemistry
Tissue microarrays (TMAs) were assembled in accordance 
with our previous methodology.21 Triplicate 0.6-mm dia-
meter cylindrical areas were punched from representative 
regions of an individual donor tissue block and re- 
embedded into a recipient paraffin block in a defined posi-
tion using a tissue arraying instrument (Beecher 
Instruments, Silver Spring, MD).

A standard, two-step, indirect immunohistochemical 
staining method was used as previously described.14 The 
histone modification markers employed in this report 
were selected based on previous studies showing that 
the modifications were applicable in other 
carcinomas.17,18 The following primary antibodies were 
applied for 60 minutes at room temperature: rabbit anti- 
histone polyclonal antibodies against H2AK5AC, 
H2BK20AC, H3K4me2, H3K9AC, H3K18AC, and 
H4K12AC (Cell Signaling Technology, Beverly, MA, 
USA; 1:100 dilution) and a rabbit monoclonal anti- 
H4R3me2 antibody (Abcam, Cambridge, MA; 1:200 dilu-
tion). Positive and negative control samples were 
included on each slide. All antibody-related information 
is shown in Table S1. Semiquantitative assessments for 
histone modifications were scored by the percentage of 
tumor cells with positive nuclear staining over the total 
number of tumor cells from three cylinders (0.6 mm dia-
meter/cylinder) of each case. Scores were assigned by 
using 5% increments (0%, 5%, 10% … 100%). The eva-
luations were performed independently by two experi-
enced pathologists (M-Y Cai and R.-Z. Luo), who were 
blinded to all clinicopathologic and outcome variables. 
Individual scores were averaged; in cases of a difference 
of more than 20%, a third pathologist (D Xie) was con-
sulted and provided a score. The final score was deter-
mined by the average based on the assessments of the 
three pathologists.

Histone Modification Risk-Score 
Classifier and Nomogram
A stratified randomization approach via the “resample” pack-
age was used to divide the small HCC dataset into training and 
validation cohorts at a ratio of 6:4 to construct and validate the 
histone risk score. After overviewing the density distribution of 
each histone modification, further relative stratification into 
high expression and low expression revealed two subgroups 
of patients within each modification. The cut-off value of each 
histone modification marker to predict survival was deter-
mined with the “survminer” package. The cut-off scores gen-
erated with the training cohort were applied to the validation 
and total cohorts.

The Cox proportional hazards model with LASSO 
regression (“glmnet” package) was applied to construct 
the histone risk score, which was broadly applied for high- 
dimensional and sample-limited data.22,23 The optimal 
values of the penalty parameter λ were determined by 200- 
fold cross-validation using the minimum criteria on the 
training dataset. Time-dependent receiver operating char-
acteristic (tdROC) curves and areas under the curves 
(AUCs) were generated using the “survivalROC” package 
to assess prognostic accuracy.24 Patients were grouped into 
high-risk-score and low-risk-score groups based on the 
cut-off, which was the median value of the training cohort.

The visual nomogram for recurrence was formulated by 
using the independent risk factors identified in the multivariate 
Cox regression analysis. Calibration was evaluated with the 
calibration plot. The discrimination ability of the nomogram 
was assessed by tdROC analysis. Moreover, decision curve 
analysis (DCA) with the stdca function was performed to 
evaluate the improvement in clinical decision making.

Statistical Analysis
One-way ANOVA and chi-square tests were used to assess 
differences in continuous and categorical variables, respec-
tively. Pearson’s correlation test was applied to quantify 
linear correlations among the histone modifications. The 
Kaplan–Meier method with the Log rank test was employed 
to estimate the survival rates. The Cox regression model was 
utilized for multivariate survival analysis. All statistical ana-
lyses were performed using R version 3.6.1 (R Foundation 
for Statistical Computing, Vienna, Austria, http://www.rpro 
ject.org). All statistical tests were two-sided, and p values 
less than 0.05 were considered significant. All data in our 
study have been recorded at Sun Yat-sen University Cancer 
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Center with a Research Data Deposit (RDD) number of 
RDDB2021001160.

Results
Characteristics of the Small HCC Cohort 
and Global Histone Modifications
The baseline characteristics of the small HCC patients in this 
study are summarized in Table 1. A total of 335 patients 
were enrolled in our study, including 295 males and 40 
females, with a median age of 49 years (range, 26–78 
years). With a median follow-up time of 49 months (inter-
quartile range, 36–67 months), 131 (39.1%) patients devel-
oped recurrence, and 62 (18.5%) died. The 1-, 2-, and 5-year 
OS and RFS rates in the total cohort were 97.9%, 93.9% and 
77.7%, and 89.3%, 76.4% and 59.9%, respectively.

To determine the global levels of histone modifications, 
we referred to previous studies and selected H2AK5AC, 
H2BK20AC, H3K4me2, H3K9AC, H3K18AC, H4K12AC 
and H4R3me2 to further investigate in small HCC. Both 
primary small HCC and paired non-neoplastic liver tissues 
were stained with specific antibodies. Semiquantitative 
assessments of the percentage of tumor cells with positive 
nuclear staining over total tumor cells (range, 0% to 100% 
using 5% increments) in three fields were performed, and 
individual scores were averaged. Representative images of 
staining for these markers showed clear and distinguish-
able brown staining of histones in the nucleus (Figure 1A), 
and the density distribution of each histone modification is 
shown in Figure S1. Compared to those in paired non- 
neoplastic liver tissues, all modifications except for 
H4R3me2 showed significantly stronger staining in 
tumor tissues (Figure 1B, all for p < 0.01). Interestingly, 
different histone modifications were found to correlate 
within tumor (r, 0.16–0.56) or non-neoplastic liver tissues 
(r, 0.19–0.51), which might be consistent with the exis-
tence of combinatorial patterns of histone modifications.25 

However, only weak correlations were found between 
clinicopathologic characteristics and histone modifications 
(Figure 1C).

Risk Score Classifier Based on Global 
Histone Modifications in Small HCC
To eliminate collinearity among factors, Cox regression with 
the LASSO model was performed to construct a histone 
modification classifier: the histone risk score (Figure 1D 
and E). The formula of the classifier was derived based on 
the histone modification features in the training cohort with 

small HCC, and seven modifications were included after 
filtering. The histone risk score was generated as follows: 
(0.195 × scales of H2AK5AC) + (0.167 × scales of 
H2BK20AC) – (0.733 × scales of H3K4me2) + (0.086 × 
scales of H3K9AC) + (0.155 × scales of H3K18AC) + (0.403 
× scales of H4K12AC) – (0.298 × scales of H4R3me2).

To assess the predictive value of the histone risk score, 
a tdROC curve was created. As shown in Figure 2A, the 
AUCs of the risk score in the training cohort at 1 year, 2 
years and 3 years were 0.65 (0.52–0.77), 0.71 (0.63–0.79) 
and 0.68 (0.60–0.77), respectively. The AUCs in the vali-
dation cohort were 0.69 (0.57–0.81), 0.58 (0.5–0.68) and 
0.63 (0.52–0.73), and those in the total cohort were 0.67 
(0.58–0.75), 0.66 (0.59–0.72) and 0.66 (0.60–0.73), 
respectively.

High- and low-risk-score groups were divided by the 
median risk score from the training cohort, and the distribu-
tion of clinical characteristics did not vary significantly 
between the two subgroups (Table S2). In the training cohort, 
the high-risk group showed a worse RFS than the low-risk 
group (HR: 1.96; 95% CI: 1.24–3.08; p = 0.004; Figure 2B). 
Similar results were obtained in the validation cohort (HR: 
1.95; 95% CI: 1.12–3.42; p = 0.019; Figure 2B) and the total 
cohort (HR: 1.97; 95% CI: 1.39–2.80; p < 0.001; Figure 2B). 
Additionally, a high risk score indicated significantly worse 
overall survival in the three cohorts (Figure S2).

Intriguingly, compared with the low-score group, the high- 
score group had more early recurrences (Figure 3A). The two- 
year RFS rates of the high-score group and low-score group 
were 84.5% vs 67.2% (p = 0.001) in the training cohort, 79.6% 
vs 71.9% in the validation cohort (p = 0.21), and 82.7% vs 
69.2% in the total cohort (p < 0.001) (Figure 3B). 
Furthermore, the histone risk score of those with early recur-
rence was evidently higher than that of those without recur-
rence (Figure S3A; p < 0.01 for the total cohort). The 
prognostic value of the classifier for early recurrence was 
evaluated by ROC curve analysis (Figure S3B). These results 
indicated that the histone risk score could effectively predict 
recurrence and even early recurrence in patients with 
small HCC.

Histone Modification Risk Score as an 
Independent Prognostic Factor
In the unadjusted analysis, the following were revealed as 
prognostic factors for poor RFS: advanced pathologic 
grade, tumor size larger than 2 cm, the presence of vas-
cular invasion, tumor necrosis, and a high histone 
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Table 1 Characteristics of Small HCC Patients in the Training, Validation and Total Cohorts

Characteristic Training Cohort N = 202 (%) Validation Cohort N = 133 (%) Total Cohort N = 335 (%)

Gender
Male 172 (85.1) 123 (92.5) 295 (88.1)

Female 30 (14.9) 10 (7.5) 40 (11.9)

Age, years
<60 173 (85.6) 108 (81.2) 281 (83.9)
≥60 29 (14.4) 25 (18.8) 54 (16.1)

ALT, U/L
<41 117 (57.9) 80 (60.2) 197 (58.8)

≥41 85 (42.1) 53 (39.8) 138 (41.2)

AFP, ng/mL
<400 146 (72.3) 95 (71.4) 241 (71.9)

≥400 56 (27.7) 38 (28.6) 94 (28.1)

Tumor size, cm
<2 108 (53.5) 80 (60.2) 188 (56.1)
≥2 94 (46.5) 53 (39.8) 147 (43.9)

Edmonson grade
I 38 (18.8) 18 (13.5) 56 (16.7)

II 120 (59.4) 88 (66.2) 208 (62.1)

III 38 (18.8) 25 (18.8) 63 (18.8)
IV 6 (3.0) 2 (1.5) 8 (2.4)

Vascular invasion
No 158 (78.2) 97 (72.9) 255 (76.1)

Yes 44 (21.8) 36 (27.1) 80 (23.9)

Cirrhosis
No 130 (64.4) 71 (53.4) 201 (60.0)

Yes 72 (35.6) 62 (46.6) 134 (40.0)

Envelope
No 126 (62.4) 88 (66.2) 214 (63.9)
Yes 76 (37.6) 45 (33.8) 121 (36.1)

Necrosis
No 104 (51.5) 74 (55.6) 178 (53.1)

Yes 98 (48.5) 59 (44.4) 157 (46.9)

HBeAg
Negative 164 (81.2) 113 (85.0) 277 (82.7)

Positive 38 (18.8) 20 (15.0) 58 (17.3)

HBV DNA, copies/mL
<1000 72 (35.6) 44 (33.1) 116 (34.6)
≥1000 101 (50.0) 71 (53.4) 172 (51.4)

Unmeasured 29 (14.4) 18 (13.5) 47 (14.0)

Recurrence
No 123 (60.9) 81 (60.9) 204 (60.9)
Yes 79 (39.1) 52 (39.1) 131 (39.1)

(Continued)
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modification risk score (Table 2). The 1-, 2-, and 5-year 
RFS rates of the high- and low-risk groups were 84.6% vs 
92.7%, 69.2% vs 82.7%, and 50.6% vs 68.0% (HR: 1.97; 
95% CI: 1.39–2.80; p < 0.001).

The results of the multivariate Cox proportional 
hazards model are shown in Table 2. After adjusting for 
other factors, the analysis revealed that the histone risk 
score was an independent adverse prognostic risk factor 
for HBV related small HCC patients regarding RFS (HR: 
1.95; 95% CI: 1.37–2.77; p < 0.001; Table 2), with similar 
results observed for OS (HR: 2.11; 95% CI: 1.22–3.63; p = 
0.007; Table S3). An advanced pathologic grade (HR: 
1.47; 95% CI: 1.15–1.88; p = 0.002), a tumor size larger 
than 2 cm (HR: 1.52; 95% CI: 1.07–2.16; p = 0.020) and 
tumor necrosis (HR: 1.79; 95% CI: 1.25–2.55; p = 0.001) 
were also revealed as independent predictors for small 
HCC recurrence.

Nomogram Construction
To visualize the early recurrence prediction model, 
a nomogram was built based on the histone risk score 
and individual significant clinicopathologic predictors 
(including tumor size, pathologic grade and tumor necro-
sis) (Figure 4A). The calibration curve showed favorable 
agreement between the prediction and actual observation 
(Figure 4B). The predictive accuracy of the nomogram 
was excellent, with a C-index = 0.68 and an AUC = 0.70 
(0.63–0.76) for predicting early recurrence and 5-year 
overall survival (Figure 4C; Figure S2B). When the nomo-
gram-derived merge score was used, for patients with high 
and low merge scores based on the median values, the 
2-year RFS rates were 66.6% vs 85.5% (HR: 2.47; 95% 
CI: 1.72–3.55; p < 0.001) (Figure 4D). Additionally, deci-
sion curve analysis (DCA) was performed to evaluate the 
improvement in clinical decision making (Figure S4A).

Histone Modifications in Adjacent 
Non-Neoplastic Hepatic Tissues
To further explore the prognostic value of histone modifi-
cations and considering that the biological signature of 
adjacent non-neoplastic tissues tends to be associated 
with late recurrence, as reported by Hoshida et al, the 
LASSO model was also separately applied in adjacent 
non-neoplastic liver tissues (Figure S4B and C).26 Two 
histone modifications in non-neoplastic liver tissues, 
H3K4me2 and H4R3me2, were selected via the LASSO 
model and included in the hepatic score for late recurrence 
(AUC = 0.62; 95% CI: 0.53–0.70) (Figure S4D). Notably, 
the hepatic score based on these histone modifications in 
non-neoplastic liver tissues could significantly predict the 
survival of patients with late recurrence (HR: 2.00; 95% 
CI: 1.15–3.48; p = 0.01) (Figure 4E and F). In agreement 
with the study by Xu et al, our study demonstrated that 
patients with late recurrence had shorter overall survival 
times than those without recurrence (p < 0.001, data not 
shown).27 Our preliminary investigation first proposed and 
suggested that histone modifications in adjacent non- 
neoplastic liver tissues could predict late recurrence in 
HBV related small HCC.

Discussion
To our best knowledge, this study was the first to focus on 
HBV-associated small hepatocellular carcinoma to profile 
the global expression of histone modifications in tumor 
and nontumor liver tissues. We described the development 
and validation of a promising recurrent risk score signature 
based on a panel of histone modifications, including 
H2AK5AC, H2BK20AC, H3K4me2, H3K9AC, 
H3K18AC, H4K12AC and H4R3me2, which was identi-
fied as an independent prognostic risk factor for 

Table 1 (Continued). 

Characteristic Training Cohort N = 202 (%) Validation Cohort N = 133 (%) Total Cohort N = 335 (%)

RFS, % (95% CI)
1-year 90.6 (86.5–94.7) 86.5 (80.6–92.4) 89.3 (86.0–92.6)

2-year 76.7 (70.8–82.6) 75.9 (68.6–83.2) 76.4 (71.9–80.9)
5-year 60.3 (52.7–67.9) 59.3 (50.1–68.5) 59.9 (54.0–65.8)

OS, % (95% CI)
1-year 99.0 (97.6–100.0) 96.2 (92.9–99.5) 97.9 (96.3–99.5)

2-year 94.0 (90.7–97.3) 93.9 (89.8–98.0) 93.9 (91.4–96.4)

5-year 77.8 (70.7–84.9) 77.7 (68.7–86.7) 77.7 (72.0–83.4)

Abbreviations: ALT, glutamic pyruvic transaminase; AFP, alpha-fetoprotein; CI, confidence interval; OS, overall survival; RFS, recurrence-free survival.
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recurrence-free survival and overall survival. A novel 
prognostic nomogram was further established with 
a combination of the histone risk score and other signifi-
cant traditional predictors, showing satisfactory predictive 

accuracy for recurrence in patients with HBV related small 
HCC. More interestingly, histone modifications in non- 
neoplastic liver tissue might be predictors for the late 
recurrence of small HCC. Our findings highlight a novel 

Figure 1 Expression of histone modifications in small HCC and construction of the histone risk score model. (A) Representative images of histone modifications at 40x or 
20x (inset) in small HCC tissues with clear and brown staining in the nucleus. (B) Bar charts of histone modification levels in tumor and paired non-neoplastic liver tissues. 
(C) Hierarchical clustering presented the correlations among variables. The color intensity and size of the circle are proportional to the correlation coefficients (R value). 
The correlations of variables only with statistical significance (p≤0.05) were showed as circle. (D) LASSO coefficient of the histone modifications in tumor tissues. A vertical 
line was drawn at the value chosen by 200-fold cross-validation. (E) Cross-validation for variable selection with LASSO regression. ***p<0.001. 
Abbreviations: small HCC, small hepatocellular carcinoma; LASSO, least absolute shrinkage and selection operator.
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Figure 3 Predictive value of the histone risk score for the early recurrence of small HCC. (A) Waterfall plots for the distribution of the risk score and status of early 
recurrence. (B) Kaplan–Meier analysis of early recurrence based on the histone risk score in the training, validation and total cohorts.

Figure 2 Relationship between the histone risk score and recurrence-free survival of small HCC patients. (A) tdROC curve according to the histone risk score in the 
training, validation and total cohorts. (B) RFS of the high risk score and low risk score subgroups in the training, validation and total cohorts. The HR and p-value were 
calculated with univariate Cox regression analysis and the Log rank test, and all statistical tests were two-sided. 
Abbreviations: small HCC, small hepatocellular carcinoma; tdROC, time-dependent receiver operating characteristic; RFS, recurrence-free survival; HR, hazard ratio.
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method with which the levels of histone modifications may 
be used to predicting the early and late recurrence of small 
HCC with HBV.

Due to the complexity and heterogeneity of HCC, it is 
complicated and challenging to identify and apply a single 
molecular profile for clinical prediction. Although preci-
sion diagnosis using gene expression profiling has been 
developed, its high cost and unsatisfactory reproducibility 
restrict its application. In contrast, histone modifications 
offer an understandable viewpoint as transcriptional regu-
lators reflecting the overall perspective of cells, generally 
via chromatin modification to promote or repress target 
gene expression. However, the epigenome and its regula-
tion and dysregulation in cancer are complex, and the 
molecular mechanism still needs further investigation. 
The sum of all different histone modifications determines 
the chromatin structure and biological outcomes.28 

Previous studies have revealed that several global histone 
modifications are associated with prognosis in various 
cancers based on overall expression by IHC staining; 
however, related research is lacking in HCC.17,18,20,29–31 

In the present study, we first assessed a panel of global 
histone modifications in HBV related small HCC and 

found that these histone modifications (except for 
H4R3me2) were more pronounced in tumor tissues than 
in paired non-neoplastic tissues. Studies have indicated 
that H2AK5AC, H3K9AC, H3K18AC, H4K12AC, and 
H3K4me2 are associated with transcriptionally active 
gene promoters, and H4R3me2 is associated with gene 
repression.29,32–36 The less studied H2BK20AC is a good 
predictor of active enhancers.37 Additionally, in contrast to 
previous studies, we noticed that different carcinomas 
might have different patterns of histone modifications; 
for example, approximately half of the small HCC samples 
had less than 30% H3K9AC staining; however, in prostate 
cancer, more than 50% of the samples showed 90–100% 
staining.17 Furthermore, consistent with Seligson et al’s 
study in lung and kidney cancer patients, we found that 
a low level of H3K4me2 in small HCC contributes to 
a poor prognosis, which might be attributed to decreased 
methylation levels at repetitive DNA elements and an 
aggressive phenotype.38

Recurrence is a primary issue that severely impacts the 
survival of HCC patients. In addition to the clinical staging 
system, much effort has been made to identify patients 
with a high risk of recurrence. Increasing evidence has 

Table 2 Univariate and Multivariate Analyses for Recurrence-Free Survival

Covariate Univariate Analysis Multivariate Analysis

HR (95% CI) p-value HR (95% CI) p-value

H2AK5AC 1.50 (1.05–2.13) 0.025 – –

H2BK20AC 1.37 (0.93–2.01) 0.108 – –
H3K4me2 0.52 (0.34–0.81) 0.004 – –

H3K9AC 1.23 (0.86–1.78) 0.259 – –

H3K18AC 1.25 (0.89–1.76) 0.201 – –
H4K12AC 1.28 (0.89–1.85) 0.184 – –

H4R3me2 0.74 (0.52–1.04) 0.084 –

Gender 0.66 (0.37–1.20) 0.176 – –
Pathologic Grade 1.42 (1.11–1.81) 0.005 1.47 (1.15–1.88) 0.002

Size ≥2 1.71 (1.21–2.42) 0.002 1.52 (1.07–2.16) 0.020

AFP ≥400 0.80 (0.54–1.19) 0.277 – –
ALT ≥41 1.31 (0.93–1.84) 0.129 – –

Age ≥60 0.92 (0.57–1.49) 0.742 – –

Vascular Invasion 1.79 (1.24–2.60) 0.002 – –
Envelope 0.96 (0.67–1.38) 0.816 – –

Cirrhosis 1.33 (0.94–1.88) 0.108 – –

Necrosis 1.99 (1.40–2.82) <0.001 1.79 (1.25–2.55) 0.001
HBeAg 1.17 (0.73–1.90) 0.514

HBV DNA* 1.10 (0.74–1.65) 0.640

Risk score 1.97 (1.39–2.80) <0.001 1.95 (1.37–2.77) <0.001

Notes: p-values were calculated with the two-sided Log rank test. *The HR was calculated based on available data of HBV DNA loads, excluding unmeasured cases. 
Abbreviations: ALT, glutamic pyruvic transaminase; AFP, alpha-fetoprotein; HR, hazard ratio; CI, confidence interval.
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Figure 4 Nomogram for early recurrence prediction and histone profiles in non-neoplastic liver tissues. (A) The nomogram was built for to predict the early recurrence of 
small HCC with the involved independent predictors. (B) Calibration curve of the total cohort for early recurrence prediction. (C) Comparison of the AUCs of the 
independent predictors to predict 2-year RFS. (D) Kaplan–Meier analysis of the merge score from the nomogram in the total cohort. HR: 2.88; 95% CI: 1.86–4.46; p < 0.001. 
(E) Waterfall plots for the distribution of the hepatic risk score and status of late recurrence. (F) Kaplan–Meier analysis of the hepatic risk score for late recurrence. HR: 
2.00; 95% CI: 1.15–3.48; p = 0.01. 
Abbreviations: AUC, area under the curve; RFS, recurrence-free survival; HR, hazard ratio.
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revealed that early recurrence is mainly associated with the 
nature of the primary tumor, such as tumor size and the 
number of nodular and vascular invasions, while the above 
presentations often appear in advanced stages and not 
early stages, such as small HCC; thus, biological markers 
for small HCC are still needed.39–43 We reviewed the 
research over the last ten years, and few studies have 
focused on HBV related small HCC biomarkers.44–47 In 
the present study, we revealed that the panel of global 
histone modifications in tumor tissues could be 
a significantly strong independent risk factor for small 
HCC, and patients with higher scores tended to experience 
more relapses, showing that histone modifications effec-
tively predict recurrence and survival.

Additionally, we presented results for the first time that 
histone modifications in non-neoplastic liver tissues are 
related to the late recurrence of small HCC. In contrast 
to that of early recurrence, the mechanism of late recur-
rence is far from being fully understood.26 Late recurrence 
likely arises from a de novo tumor and is more relevant to 
the characterization of the field of adjacent liver tissues; 
however, the underlying mechanism remains to be 
elucidated.26 The analysis of non-neoplastic liver tissues 
showed that the expression of a group of genes was related 
to late recurrence but not early recurrence.26,48 Additional 
studies proposed that methylation patterns have already 
changed in normal tissues before carcinogenesis is 
detected.19,49–51 However, to the best of our knowledge, 
none of the histone modifications in non-neoplastic tissues 
have been investigated. This study highlights that histone 
modification levels could serve as predictive biomarkers 
not only for early recurrence but also for late recurrence. 
To further improve the survival of HBV related small HCC 
patients, patients with different risks must be stratified so 
that those with a high risk for early recurrence can receive 
more aggressive treatment after resection, while patients 
with a high risk of late recurrence, and even those who 
achieve 2 years of recurrence-free survival, should still 
receive regular surveillance to improve survival.27

We acknowledge that limitations exist in the present 
study. First, the study was retrospective in design and 
occurred at a single institute, although the present study 
was based on a solitary HBV-associated small HCC cohort 
with complete clinical information. Due to the homogene-
ity of resected small HCC, the number of samples was 
relatively small, which might have led to the observed 
trends for early recurrence and no statistical significance 
in the validation cohort. However, a trend toward 

significance was observed in the validation cohort. 
Second, although internal validation was performed to 
reduce overfitting of the model and improve its robustness 
for prediction, only 7 biomarkers were included in the 
present study, and no variables were discarded in the 
LASSO model. More importantly, external validation is 
still needed to generalize the use of the predictive model 
before it can be applied to clinical practice in the real 
world. Third, this clinical study did not reveal how these 
specific epigenetic modifications or combinations of 
changes affect the expression of particular genes or 
tumor behavior, which remains unclear, and the mechan-
istic basis needs to be further explored.

Conclusion
The present study is the first to assess the profiles of global 
histone modifications in hepatocellular carcinoma. We 
identified a histone risk score based on a panel of global 
histone modifications in tumors that could act as an inde-
pendent predictor of early recurrence and survival in small 
HCC patients with HBV. Furthermore, we found that his-
tone modifications in adjacent non-neoplastic liver tissues 
may be associated with late recurrence. This system could 
be useful to stratify patients according to the risk of tumor 
recurrence.

Abbreviations
Small HCC, small hepatocellular carcinoma; TMA, tissue 
microarray; LASSO, least absolute shrinkage and selection 
operator; ROC, receiver operating characteristic; AUC, 
area under the curve; HR, hazard ratio; RFS, recurrence- 
free survival; BCLC staging, Barcelona Clinic Liver 
Cancer staging; AFP, alpha-fetoprotein; CT, computed 
tomography; MRI, magnetic resonance imaging; OS, over-
all survival; tdROC, time-dependent receiver operating 
characteristic; DCA, decision curve analysis.
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