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Abstract

Background: Small hepatocellular carcinoma (sHCC) is a special subtype of HCC with the maximum tumor
diameter ≤ 3 cm and excellent long-term outcomes. Surgical resection or radiofrequency ablation provides the
greatest chance for cure; however, many patients still undergo tumor recurrence after primary treatment. To date,
there is no clinical applicable method to assess biological aggressiveness in solitary sHCC.

Methods: In the current study, we retrospectively evaluated tumor necrosis of 335 patients with solitary sHCC
treated with hepatectomy between December 1998 and 2010 from Sun Yat-sen University Cancer Center.

Results: The presence of tumor necrosis was observed in 157 of 335 (46.9%) sHCC patients. Further correlation
analysis showed that tumor necrosis was significantly correlated with tumor size and vascular invasion (P = 0.026,
0.003, respectively). The presence of tumor necrosis was associated closely with poorer cancer-specific overall
survival (OS) and recurrence-free survival (RFS) as evidenced by univariate (P < 0.001; hazard ratio, 2.821; 95% CI,
1.643–4.842) and multivariate analysis (P = 0.005; hazard ratio, 2.208; 95% CI, 1.272–3.833). Notably, the combined
model by tumor necrosis, vascular invasion and tumor size can significantly stratify the risk for RFS and OS and
improve the ability to discriminate sHCC patients’ outcomes (P < 0.0001 for both).

Conclusions: Our results provide evidence that tumor necrosis has the potential to be a parameter for cancer
aggressiveness in solitary sHCC. The combined prognostic model may be a useful tool to identify solitary sHCC
patients with worse outcomes.
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Background
As the second leading cause of cancer mortality world-
wide, hepatocellular carcinoma (HCC) is an aggressive
malignancy with its global incidence especially in South-
east Asia and Africa, with an increasing incidence in
Europe and America [1–3]. Because of the persistent
prevalence of hepatitis B virus (HBV) infection, HBV-
related liver cirrhosis and/or HCC has become a main
disease burden in China [4]. Currently, early detection
and surveillance allow for the discovery of more small
HCCs (sHCC, ≤ 3 cm in diameter) [5, 6].
Solitary sHCC is a special type of HCC with favorable

long-term outcomes [7, 8].. Albeit surgical resection pro-
vides potentially curative therapies, disease recurrence is
still frequently found in many patients postoperatively
and less is known about the factors correlated with ag-
gressive biological phenotype of sHCC [5–8]. It may be
ideal to identify patients at high risk of tumor recurrence
and/or poorer outcome, and to target close follow-up or
postoperative adjuvant therapies in these sub-
populations [9, 10]. Currently, the known clinicopatho-
logical factors for sHCC enable the identification and
screening the patients at high risk, however, the reliable
factors remain ill-defined [11, 12].
Traditionally, pTNM stage and histological grading

systems are recognized as the most useful prognostic
factors of sHCC. In addition, other features such as
tumor size and vascular invasion are also utilized in clin-
ical setting and found to be prognostic assessment of
sHCC patients. Tumor necrosis is a common patho-
logical feature of solid tumors, which is documented to
be correlated with chronic ischemic injury due to the
rapid growth of tumor [13–15]. The extent of tumor ne-
crosis reflects the level of intra-tumor hypoxia. What’s
more, increased cellular hypoxia is linked to the in-
creased metastatic potential and worse outcome in solid
tumors, as well as resistance to radio-chemotherapy [13,
16]. To date, the clinical and prognostic implication of
tumor necrosis in solitary sHCC remain elusive [17, 18].
In the present study, we proposed to assess the prognos-
tic value of tumor necrosis in solitary sHCC following
hepatectomy and to demonstrate whether tumor necro-
sis can be regarded as a parameter for sHCC aggressive-
ness. In addition, we further aimed to construct a
clinicopathologic model with risk factors to predict the
prognosis of sHCC patients.

Methods
Case selection
The data of the pathologically proven and non-distant-
metastasis solitary sHCC patients (335 cases) in Sun
Yat-sen University Cancer Center (Guangzhou, China)
were retrospectively collected between December 1998
and 2009. In the current study, the selected patients

were undergoing surgical resection (not ablation or
transplantation) as the first therapy course. The eligibil-
ity criteria including: (1) solitary sHCC with the diam-
eter ≤ 3 cm; (2) hepatitis B surface antigen positive; (3)
primary and curative hepatectomy with a resection mar-
gin > 1 cm; (4) absence of metastasis and residual dis-
ease; (5) without preoperative adjuvant therapy; and (6)
having complete follow-up information.
The clinicopathologic information including patient

age, gender, alfa-fetoprotein (AFP) level, alanine amino-
transferase (ALT) level, tumor size, tumor capsule, histo-
logical differentiation, liver cirrhosis, vascular invasion
and necrosis were collected, which are shown in Table 1.
The criteria proposed by WHO classification of Tumors
of the Digestive System (2010 version) was utilized to

Table 1 Correlation of tumor necrosis with patients’
clinicopathological features in primary small hepatocellular
carcinomas

Characteristics Cases Necrosis (−) Necrosis (+) P valuea

Gender 0.555

Male 295 155 (52.5%) 140 (47.5%)

Female 40 23 (57.5%) 17 (42.5%)

Age (years) 0.694

≤ 48.0b 166 90 (54.2%) 76 (45.8%)

> 48.0 169 88 (52.1%) 81 (47.9%)

AFP (ng/ml) 0.485

≤ 20 139 77 (55.4%) 62 (44.6%)

> 20 196 101 (51.5%) 95 (48.5%)

ALT (μ/l) 0.504

≤ 40 192 99 (51.6%) 93 (48.4%)

> 40 143 79 (55.2%) 64 (44.8%)

Tumor size (cm) 0.026

≤ 2.5c 188 110 (58.5%) 78 (41.5%)

> 2.5 147 68 (46.3%) 79 (53.7%)

Differentiation 0.675

Well 56 32 (57.1%) 24 (42.9%)

Moderate 208 111 (53.4%) 97 (46.6%)

Poor-undifferentiated 71 35 (49.3%) 36 (50.7%)

Vascular invasion 0.003

Absent 255 147 (57.6%) 108 (42.4%)

Present 80 31 (38.8%) 49 (61.3%)

Envelope 0.872

Absent 214 113 (52.8%) 101 (47.2%)

Present 121 65 (53.7%) 56 (46.3%)

Liver cirrhosis 0. 166

Absent 201 113 (56.2%) 88 (43.8%)

Present 134 65 (48.5%) 69 (51.5%)
aChi-square test; bMedian age; cMedian size; AFP indicates alpha-fetoprotein;
ALT indicates alanine aminotranferease
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define tumor differentiation. The American Joint Com-
mittee on Cancer/International Union Against Cancer
TNM (tumor-node-metastasis) classification system
(2010 version) was used to determine tumor stage. The
approval was granted by the Institute Research Medical
Ethics Committee of Sun Yat-sen University Cancer
Center.

Pathological evaluation
Original histopathologic slides of the patients were pre-
viously reviewed by a senior pathologist (P Li), then in-
dependently re-confirmed by an experienced pathologist
(M-Y Cai), both pathologists were blinded to the clinico-
pathologic prognostic data and re-examined simultan-
eously the slides to solve the discrepancies with a
double-headed microscope. All of the selected patients
had at least 3 tissue blocks, with a mean of 4.2 (median
4, range 2–8) paraffin-embedded tissue blocks per tumor
available for evaluation.
The presence of tumor necrosis was carefully identi-

fied on hematoxylin-eosin (H&E)-stained slides, that
characterized by homogenous clusters of sheets of dead
cells, or coalescing groups of cells forming a coagulum,
containing nuclear and cytoplasmic debris as previously
described [19]. Coagulative tumor necrosis was found to
be present without regard to the area of tumor involved,
and the extent of involvement was not assessed. Vascu-
lar invasion in each HCC specimen was assessed in sev-
eral serial cross sections and defined as vessel walls
infiltration or the tumor emboli existence [20]. The cri-
teria includes macroscopic and/or microscopic tumor
emboli within the large capsular vessels, the central hep-
atic vein, or the portal vein [21].

Follow-up
Patients were followed every 3 months by serum AFP
level and ultrasound or computed tomography or mag-
netic resonance imaging at least every 6 months for
more than 2 years after partial hepatectomy. All the en-
rolled patients were followed-up until January 18th,
2014. Re-resection when possible or transcatheter arter-
ial chemoembolization, percutaneous ethanol injection
or radiofrequency ablation was conducted in patients
who had tumor recurrence. The definition of cancer-
specific overall survival (OS) was the number of months
from the date of surgery to the date of the last follow-up
visit or time of death owing to sHCC. The definition of
recurrence-free survival (RFS) was the number of
months from the date of surgery to the first confirmabil-
ity of cancer recurrence.

Statistical analysis
Statistical analysis was computed using SPSS 19.0 soft-
ware package (Chicago, IL, USA). The χ2-test was used

to evaluate the correlation between tumor necrosis and
the clinicopathologic parameters of the sHCC patients.
For univariate analysis, Survival curves were obtained by
the Kaplan-Meier method, and the differences between
groups in survival were performed by the Log-rank test.
Multivariate survival analyses were conducted with the
Cox proportional hazard regression model. A difference
of P < 0.05 from a two-tailed test was considered statis-
tically significant.

Results
Patient characteristics
Our current study identified 335 adult sHCC patients
with long-term carriers of HBV and curative surgical
resection. Some patients were followed by second-line
treatments at the time of recurrence. Clinicopatholog-
ical characteristics of the patients are detailed in
Table 1.
Of the all patients, there were 295 (88.1%) males

and 40 (11.9%) females, with a median age of 48
years. 196 (58.5%) patients had serum AFP level > 20
ng/ml among the cases with pre-operation serum
AFP level record. 143 (42.7%) patients had serum
ALT level > 40 μ/l. The median size of the tumors
was 2.5 cm. Well-differentiated or moderate-
differentiated tumors were identified in a total of 264
(78.8%) patients. 214 (63.9%) tumors were encapsu-
lated. Vascular invasion was observed in 80 (23.9%)
patients. Liver cirrhosis was presented in 134 (40%)
patients.

The patterns of tumor necrosis in solitary sHCC
Presence of tumor necrosis was identified in 157 of
335 (46.9%) sHCC cases (Fig. 1). Further correlation
analysis demonstrated that tumor necrosis was sig-
nificantly correlated with tumor size and vascular
invasion in sHCC (P = 0.026, 0.003, respectively;
Table 1).

The relationship between tumor necrosis and patients’
survival: univariate analysis
Some clinicopathological parameters indicated a signifi-
cant impact of prognosis, such as tumor size (P = 0.001)
and vascular invasion (P < 0.001, Table 2) in the assess-
ment of survival of sHCC patients, as reported in our
previous study [22]. The result demonstrated that pa-
tients with tumor necrosis displayed a poorer OS (Table
2; Fig. 2a) and RFS (Fig. 2b) than patients without tumor
necrosis (P < 0.0001).

Multivariate Cox regression analysis
As variables examined to have prognostic influence
by univariate analysis may covariate, the presence of
tumor necrosis as well as other clinicopathologic
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features (tumor size and vascular invasion) was tested
in multivariate analysis (Table 2). The presence of
tumor necrosis was associated closely with poorer
cancer-specific OS and RFS as evidenced by univariate
(P < 0.001; hazard ratio, 2.821; 95% CI, 1.643–4.842)
and multivariate analysis (P = 0.005; hazard ratio,
2.208; 95% CI, 1.272–3.833). As we described

previously [22], of the other parameters, vascular in-
vasion was evaluated as an independent prognostic
factor for patient survival (P < 0.001; hazard ratio,
2.663; 95% CI, 1.598–4.437) and tumor size was eval-
uated as an independent prognostic factor for patient
survival (P = 0.006; hazard ratio, 2.083; 95% CI, 1.229–
3.529).

Fig. 1 Histopathological features of tumor necrosis in primary solitary small hepatocellular carcinoma. Tumor necrosis in sHCC consisted of
homogenous clusters of sheets of degenerating and dead cells, or coalescing groups of cells forming a coagulum, containing nuclear and
cytoplasmic debris, with membrane integrity, intracellular organelle swelling (a-b, hematoxylin and eosin [H&E], magnification × 40; C-D,
H&E, × 200)

Table 2 Univariate and multivariate analyses of tumor necrosis and clinicopathologic variables in patients with primary small
hepatocellular carcinomaa

Characteristics P value Hazard Ratio (95% CI)

Univariate analysis

Gender (Male vs. Female) 0.632 0.825 (0.374–1.816)

Age (≤ 48.0b vs. > 48.0) 0.957 1.014 (0.615–1.672)

AFP (≤ 20 ng/ml vs. > 20 ng/ml) 0.432 1.230 (0.734–2.059)

ALT (≤ 40 μ/l vs. > 40 μ/l) 0.253 1.337 (0.812–2.201)

Tumor size (≤ 2.5c cm vs. > 2.5 cm) 0.001 2.431 (1.443–4.093)

Differentiation (well-moderate vs. poor-undifferentiated) 0.512 1.215 (0.679–2.175)

Vascular invasion (absent vs. present) < 0.001 3.033 (1.827–5.035)

Envelope (absent vs. present) 0.758 0.920 (0.544–1.559)

Liver cirrhosis (absent vs. present) 0.102 1.516 (0.921–2.495)

Tumor necrosis (absent vs. present) < 0.001 2.821 (1.643–4.842)

Multivariate analysis

Tumor size (≤ 2.5 cm vs. > 2.5 cm) 0.006 2.083 (1.229–3.529)

Vascular invasion (absent vs. present) < 0.001 2.663 (1.598–4.437)

Tumor necrosis (absent vs. present) 0.005 2.208 (1.272–3.833)
aThe analyses were performed with the use of Cox proportional-hazards regression; bMedian age; cMedian size; AFP indicates alpha-fetoprotein; ALT indicates
alanine aminotranferease
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The relationship between tumor necrosis and
postoperative survival of sHCC patients stratified
according to different risk factors
Kaplan-Meier survival curve comparing tumor necrosis
affecting postoperative survival of sHCC patients was
stratified according to different tumor size, differenti-
ation, serum AFP level and vascular invasion. As shown
in Fig. 3a and e, tumor necrosis was associated with a
decrease in OS of patients with tumor size ≤2.5 cm, and
a decrease in RFS of patients with tumor size ≤2.5 cm as
well as > 2.5 cm (P = 0.0200, 0.0020 and 0.0240, respect-
ively). Meanwhile, tumor necrosis was associated with a
decrease in OS and RFS of patients with AFP level ≤ 20
ng/ml and > 20 ng/ml (P = 0.0090, 0.0030, 0.0060 and
0.0020, respectively. Figure 3b and f). Tumor necrosis
was associated with a decrease in OS and RFS of patients
with different tumor differentiation (P = 0.0210, < 0.0001,
= 0.0110 and < 0.0001, respectively. Figure 3c and g).
Tumor necrosis was associated with a decrease in OS
and RFS of patients with or without vascular invasion
(P = 0.0380, 0.0040, 0.0210 and 0.0030, respectively. Fig-
ure 3d and h).

New prognostic model with tumor necrosis, tumor size
and vascular invasion in sHCC
According to the results of the univariate and multivari-
ate analyses, we conducted a new clinicopathologic
prognostic model combining with three poor prognostic
factors: tumor necrosis, tumor size and vascular inva-
sion. Therefore, four subtypes were designated based on
the presence of the three factors (including tumor ne-
crosis, tumor size > 2.5 cm and vascular invasion): sub-
type 1, absence of any risk factor; subtype 2, absence of
any two risk factors; subtype 3, absence of any one risk
factor; subtype 4, presence of three risk factors. This
combined model could significantly stratify risk (low,

intermediate and high) for OS (Fig. 4, P < 0.0001) and
RFS (Fig. 4, P < 0.0001) in the current study based upon
the combination of tumor necrosis, tumor size and vas-
cular invasion.

Discussion
In the current study, we assessed a retrospective collec-
tion of data and determined the prognostic value of
tumor necrosis for pathologically proven sHCC patients.
Tumor necrosis was frequently observed and a prognos-
tic factor independent of certain well-established clinical
factors, including tumor size, vascular invasion, serum
AFP level and clinical stage in sHCC. Notably, we found
that tumor necrosis, vascular invasion and tumor size
were poor prognostic factors. Further analysis evaluated
that tumor necrosis was significantly associated with vas-
cular invasion in sHCC.
Tumor necrosis has been shown prognostic impact

in lung, breast, thyroid, colorectal, pancreatic, and
kidney malignancies, but also in mesenchymal tu-
mors, such as malignant mesothelioma, gastrointes-
tinal stromal tumors and Ewing sarcoma [13, 14, 16,
23–26]. Moreover, Soini et al. reported that the sur-
vival of sHCC patients showing a high proliferation
and simultaneously a low degree of apoptosis and
necrosis was significantly shorter [17]. Martino et al.
found that the non-cirrhotic HCC patients may pre-
sented with certain areas of necrosis but did not
demonstrate the relative prognosis [18]. Thus, data
regarding the incidence and prognostic impact of ne-
crosis in sHCC remain limited. Our research has
characterized and demonstrated for the first time
that tumor necrosis predicts poor survival in sHCC,
which implies a relationship that increased tumor
cell death indicates a more aggressive cancer. Tumor
microvessels are fragile and susceptible to hypoxia,

Fig. 2 Tumor necrosis affecting postoperative survival of patients with small hepatocellular carcinoma (sHCC) (log-rank test). a Tumor necrosis
was associated with a decrease in overall survival (OS) of patients (P < 0.0001). b Tumor necrosis was associated with a decrease in recurrence-free
survival (RFS) of patients (P < 0.0001)
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suggesting that the degree of tumor necrosis reflects
the level of intratumoral hypoxia [13, 14, 27, 28].
Intratumoral hypoxia has been reported to correlate
with poor prognosis and sensitive to radiotherapy
and chemotherapy in solid tumors with a polaro-
graphic needles [13]. In breast cancer, tumor

necrosis has been shown to correlate with increased
tumor size, high-grade disease, high microvessel
density, and infiltrates of macrophages that express
vascular endothelial growth factor, suggesting that
hypoxic environment causing tumor necrosis stimu-
lates angiogenesis owing to angiogenic growth

Fig. 3 Kaplan-Meier survival curve comparing tumor necrosis affecting postoperative survival of patients with small hepatocellular carcinoma
(sHCC) stratified according to different tumor size, differentiation, serum AFP level and vascular invasion. a, e Tumor necrosis was associated with
a decrease in overall survival (OS) of patients with tumor size ≤2.5 cm, and a decrease in recurrence-free survival (RFS) of patients with tumor size
≤2.5 cm as well as > 2.5 cm (P = 0.0200, 0.0020, 0.0240, respectively). b, f Tumor necrosis was associated with a decrease in OS and RFS of patients
with AFP level≤ 20 ng/ml and > 20 ng/ml (P = 0.0090, 0.0030, 0.0060, 0.0020, respectively). c, g Tumor necrosis was associated with a decrease in
OS and RFS of patients with different tumor differentiation (P = 0.0210, < 0.0001, = 0.0110, < 0.0001, respectively). d, h Tumor necrosis was
associated with a decrease in OS and RFS of patients with or without vascular invasion (P = 0.0380, 0.0040, 0.0210, 0.0030, respectively)
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factors released by infiltrating macrophages in rap-
idly growing tumors [23, 29, 30].
Vascular invasion is found to be related to decreased

overall and recurrence free survival in post-surgical re-
section and transplant HCC patients [31, 32]. Our previ-
ous study revealed evidence supporting that vascular
invasion had an adverse impact on long-term survival in
sHCC patients [22]. The association of tumor necrosis
and vascular invasion in the current study is consistent
with studies in breast cancer and malignant mesotheli-
oma, in which it was also observed that microvessel hot
spots were situated away from areas of tumor necrosis
[23, 33]. It can be reasonably explained this paradoxical
relationship that because of tumor rapid growth the mi-
crovasculature is ischemic damaged due to its supply
overload and thereby increasing tumor necrosis. Tumor
size is a well-known risk factor for poor survival of solid
tumor. In breast cancer, tumor necrosis correlated with
increasing tumor size [23]. It was also confirmed that in-
creasing mass was associated with hypoxia in the experi-
mental murine allograft model [34]. Similarly, we
previously demonstrated that tumor size > 2.5 cm was
correlated with a worse OS or RFS and tumor necrosis
was associated with increasing tumor size in the sHCC
patients [22].
According to the clinical practice guideline, surgical

resection is recommended in early stage HCC [35].
However, sHCC patients still suffer from tumor recur-
rence due to various intratumour heterogeneity of the
patient population. Traditionally, the pTNM Staging and
grading system have been utilized to determine the
treatment and the prognosis of solid tumors.

Nevertheless, based on specific clinicopathologic features
and extent of disease, this system might have their limi-
tation for sorting out high risk of tumor recurrence pop-
ulations from early-stage HCC patients and offering
clear pathways to help novel follow-up strategies and
salvage therapy. Thus, there is a need for new objective
strategies that can effectively distinguish between sHCC
patients with favorable and unfavorable outcome. By far,
in renal cell carcinomas, the presence of tumor necrosis
has been proposed to be incorporate into grade classifi-
cation system [36]. In our present study, when OS and
RFS rates were compared between patients with and
without tumor necrosis, significantly poorer prognosis
could be observed for those with tumor necrosis in one
large population-based cohort of sHCC patients, sup-
porting the concept that tumor necrosis adds additional
prognostic information and could further stratify pa-
tients with or without aggressive clinical course and/or
adverse outcome. In addition, we proposed a combined
prognostic model with tumor necrosis, tumor size and
vascular invasion and found that the model may be a
useful prognostic index to reflect the aggressive pheno-
type for sHCC. Generally, our findings support the idea
that the pTMN supplemented by tumor necrosis, vascu-
lar invasion and tumor size might improve the ability to
discriminate sHCC patients’ outcome, along with the ef-
fectiveness of personalized and precise treatment.
The retrospective nature of this study may be consid-

ered its major limitation. There are also strong efforts to
integrate biomarkers into established clinicopathologic
models to further improve their predictive ability. How-
ever, our study was strengthened by the fact that all of

Fig. 4 The proposed prognostic model successfully stratified risk for survival prediction of patients with sHCC (log-rank test). Using this model,
these sHCC patients were stratified into four groups: risk 1, n = 89; risk 2, n = 132; risk 3, n = 90; risk 4, n = 24. a The RFS curves of the three groups
were significantly different (P < 0.0001). b The OS curves of the three groups were significantly different (P < 0.0001)
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the histopathological slides were re-evaluated by two
gastrointestinal pathologists. Although, we believe that
our results contribute to the literature because it in-
cludes only patients with sHCC.

Conclusions
In summary, our findings demonstrated that tumor ne-
crosis could be used as an additional effective predictor
in identifying those patients at increased risk of tumor
progression. The proposed new prognostic model (com-
bined tumor size, vascular invasion and tumor necrosis)
might improve the ability to discriminate sHCC patients’
outcome, along with the effectiveness of personalized
and precise treatment in the future.
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