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Abstract Official guidelines group together all cases of soli-
tary hepatocellular carcinoma (HCC) without macroscopic
vascular invasion, regardless of tumor size. Here, we exam-
ined whether this is justified based on overall survival (OS)
after hepatic resection (HR). Patients with newly diagnosed
solitary HCC treated by initial HR from January 2004 to Oc-
tober 2013 were classified into six groups based on tumor size
(in 2-cm increments). Combining adjacent categories with
similar OS led to three groups: ≤5 cm (n=426), >5 and
≤8 cm (n=229), and >8 cm (n=202). Among all patients,
median survival time was 62 months, and OS was 95 % at
1 year, 73 % at 3 years, and 54 % at 5 years. Patients in the
≤5 cm group showed significantly higher OS (P<0.001) and
lower tumor recurrence (P=0.004) than those in the >5 and
≤8 cm group, who in turn showed significantly higher OS (P=

0.003) and lower tumor recurrence (P=0.021) than those in
the >8 cm group. Our results suggest that patients with solitary
HCC should be subclassified based on tumor size for more
accurate prognosis. We propose defining solitary HCC tumors
>5 and ≤8 cm as Blarge^ and tumors >8 cm as Bhuge^.
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Background

Hepatocellular carcinoma (HCC) is the third leading cause of
cancer-related death worldwide [1], and it remains a diagnostic
and treatment challenge for many surgeons despite improve-
ments in screening and surgical techniques [2]. Hepatic resec-
tion (HR) is widely regarded as the first-line treatment for se-
lected patients with HCC. Prognosis after HR depends on tu-
mor stage, functional status of remnant liver, and general health.

Patients with similar hepatitis or cirrhosis status can present
with tumors of quite different sizes. The latest version of the
American Joint Committee on Cancer Tumor-Node-
Metastasis staging system classifies as T1 all cases of solitary
HCC without vascular invasion, regardless of size. The Bar-
celona Clinic Liver Cancer group recommends that all cases
of solitary HCC >5 cm be grouped into the same stage [3, 4].
In general, HCC >5 cm is called big tumor [5] while ≥10 cm
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as huge tumor [6]. Size is not generally considered a factor in
deciding whether a patient can undergo HR [5, 7], as long as
the tumor has not metastasized or given rise to size-related
symptoms. [3] Indeed, tumor size by itself is not contraindi-
cation for HR [5, 7].

This may not be consistent with the best available clinical
evidence, since tumor size ranks together with tumor number,
vascular invasion, and extrahepatic metastasis as a significant
risk factor of poor prognosis in HCC patients [8, 9]. Multivar-
iate analyses in large studies have shown tumor size >5 [10],
>7 [11], >8 [12], and ≥10 cm [13, 14] to be independent
predictors of death after HR. These findings call into question
the appropriateness of classifying all cases of solitary HCC
into the same prognostic group.

The present study examined whether patients with solitary
HCC of different sizes differed significantly in long-term
overall survival (OS) after HR, which would suggest the need
for subclassification based on size.

Methods

Patients

This study was designed in accordance with the Declaration of
Helsinki, and it was approved by the Affiliated Tumor Hospi-
tal of Guangxi Medical University. Medical records that had
been entered prospectively into the central database of the
Affiliated Tumor Hospital after admission were examined ret-
rospectively to identify patients who underwent initial, poten-
tially curative HR for primary solitary HCC between January
2004 and October 2013 at the Affiliated Tumor Hospital. Cu-
rative resection was defined as resection involving a tumor-
free surgical margin, no residual tumor detected by imaging,
and serum α-fetoprotein (AFP) levels that returned to normal
within 1 month. Diagnosis of HCC was confirmed by postop-
erative pathological examination.

Patients were excluded from the study if they underwent
palliative hepatectomy, if they had a mixed HCC-
cholangiocarcinoma tumor, or if they presented with one or
more of the following features: preoperative tumor rupture,
macroscopic vascular invasion, and tumor metastasis to the
lymph nodes and/or adjacent or distant organs. Patients who
received preoperative transarterial chemoembolization or por-
tal vein embolization were also excluded.

Study design

To examine possible subclassification of solitary HCC using
an unbiased method as possible, we initially divided the pa-
tients into six groups based on tumor size: ≤2,>2 and ≤4, >4
and ≤6, >6 and ≤8, >8 and <10, and ≥10 cm. We planned to
combine adjacent groups if they had similar OS.

Preoperative evaluation and treatment

Routine preoperative evaluation for HCC diagnosis included
serumAFP assay, B ultrasound, abdomen and chest computed
tomography, magnetic resonance imaging, and upper gastro-
intestinal endoscopy. Liver function was analyzed using a
conventional test. Indocyanine green retention rate at 15 min
was not determined for any patients.

All patients were initially evaluated for the possibility of
HR unless the patient requested another treatment modality
[14–16]. Indications for deciding whether to use HR to treat
HCC have been described [15–17]. Anatomic HR was

Table 1 Demographic and clinicopathological characteristics and
outcomes of patients with solitary HCC who underwent initial
hepatectomy (n=857)

Parameter Value

Age, year 49.0±11.2

Gender

Male 735 (85.8 %)

Female 122 (14.2 %)

Positive for hepatitis B surface antigen 777 (90.7 %)

Platelet count, ×109/L 172 (12–668)

Prothrombin time, s 12.9 (9.4–22.4)

Albumin, g/L 40.8±4.8

Alanine aminotransferase, U/L 36.3 (1.0–410.0)

Total bilirubin, μmol/L 13.7±6.2

α-fetoprotein

≥400 ng/mL 294 (34.3 %)

<400 ng/mL 563 (65.7 %)

Child-Pugh class

A 814 (95.0 %)

B 43 (5 %)

Cirrhosis

Present 608 (70.9 %)

Absent 249 (29.1 %)

Esophagogastric varices 74 (8.6 %)

Diabetes mellitus 159 (18.6 %)

Tumor capsule

Complete 509 (59.4 %)

Incomplete/absent 348 (40.6 %)

Tumor size, cm 6.3±3.56

Major hepatectomy 94 (11.0 %)

Anatomical hepatectomy 583 (68.0 %)

Nonanatomical hepatectomy 274 (32.0 %)

Blood loss, mL 250 (10–8400)

Complications 234 (27.3 %)

30-day mortality 3 (0.4 %)

90-day mortality 10 (1.2 %)

Survival time, months 62 (1–123)

Values shown are mean±SD, median (range), or n (%)
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preferred to nonanatomical HR. Major hepatectomy was de-
fined as resection of ≥3 segments; minor hepatectomy, as re-
section of ≤2 segments.

Follow-up and treatment for HCC recurrence

Follow-up for all patients began immediately after resection
until death or March 2015. In principle, patients were follow-
ed up every 1–3 months during the first year after HR, and
every 3–6 months thereafter. Follow-up visits comprised reg-
ular clinical examination, blood tests, and abdominal imaging.
Serum AFP level and hepatitis B viral load were monitored
before and after resection.

In patients found to have recurrent HCC, resection was
repeated if judged feasible based on liver function and rem-
nant liver volume [18]. If resection was not feasible, then
transarterial chemoembolization, radiofrequency ablation,
percutaneous ethanol injection, radiotherapy, or other pallia-
tive therapies were applied. Patients treated in our hospital
after 2008 received postoperative antiviral therapy with
nucleos(t)ide analogue if their serum contained ≥2000 IU/
mL hepatitis B virus DNA [19].

Statistical analysis

The primary endpoint of this study was OS, which was calcu-
lated starting from the date of admission until death, last
follow-up or March 2015, whichever occurred earliest. Data
for categorical variables were expressed as number (%), and
intergroup differences were compared using the chi-squared

or Fisher’s exact tests (2-tailed) as appropriate. Continuous
data were expressed as mean±standard deviation (SD) or as
median (range), and intergroup differences were compared
using the t test or Mann-WhitneyU test. Survival curves were
estimated using the Kaplan-Meier method and compared
using the log-rank test. Multivariate analysis to identify inde-
pendent prognostic factors was carried out using a Cox pro-
portional hazards model. A two-tailed P value<0.05 was con-
sidered as the threshold of significance. All statistical analyses
were performed using SPSS 19.0 (IBM, USA).

Results

Characteristics and perioperative outcomes of the entire
study population

Of the 1613 patients with primary HCC admitted for the first
time to our hospital and treated with initial, potentially cura-
tive HR during the nearly 10-year study period, 857 were
included based on the inclusion and exclusion criteria
(Table 1). Most were male (85.8 %), and their mean age was
49.0 years (SD 11.2). Most had hepatitis B virus (HBV) in-
fection (777, 90.7 %) at the time of the study. Only 294
(34.3 %) had AFP levels ≥400 ng/mL. Most patients had
Child-Pugh A liver function (95.0 %), and a substantial pro-
portion had cirrhosis (70.9 %). Just over half of patients
(59.4 %) had a complete tumor capsule. Mean tumor diameter
was 6.3 cm (SD 3.6).

Fig. 1 Overall survival of
patients with solitary HCC
following hepatic resection,
classified by tumor size into six
groups differing at 2-cm intervals
(P<0.001)
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Only 94 patients (11.0 %) underwent major hepatectomy.
Median blood loss was 250 mL, and 234 patients (27.3 %)
experienced postoperative complications during follow-up.
Three patients (0.4 %) died within 30 days after HR due to
serious postoperative complications: one died due to sepsis,
and the other two due to hepatic failure. Ten patients (1.2 %)
died within 90 days after HR.

Overall survival of six initial groups based on tumor size

Among all 857 patients, median survival time was 62 months,
and OS was 95 % at 1 year, 73 % at 3 years, and 54 % at
5 years. All patients were classified into one of six groups
based on tumor size limits differing in 2-cm intervals. In gen-
eral, OS decreased with increasing tumor diameter (Fig. 1).
Median survival time (in months) across groups with the
smallest to largest tumors was 62, 83, 64, 56, 43, and 45.
OS was similar between the ≤2 cm group and >2 and ≤4 cm
group at 1 year (98 vs. 97 %), 3 years (82 vs. 83 %), and
5 years (60 vs. 63%) (P=0.411; Fig. 2a). OSwas significantly
higher in the >2 and ≤4 cm group than in the >4 and ≤6 cm
group at all three time points (P=0.040; Fig. 2b), with the
latter group showing rates of 97 % at 1 year, 75 % at 3 years,
and 58 % at 5 years. OS in the >6 and ≤8 cm group (97, 75,
and 58 %) was similar to that in the >4 and ≤6 cm group (P=
0.131; Fig. 2c) but greater than that in the >8 and <10 cm
group (P=0.060; Fig. 2d). OS was similar in the >8 and
<10 cm group and in the ≥10 cm group (P=0.816; Fig. 2e):
85 vs. 90 %, 55 vs. 56 %, and 39 vs. 41 %.

Redefinition of tumor size groups and their characteristics
and perioperative outcomes

Based on similar OS, the ≤2 cm group was combined with the
>2 and ≤4 cm group to form a new ≤4 cm category, and the >8
and <10 cm group was combined with the ≥10 cm group to
form a new >8 cm category. Given the similar OS between the
>4 and ≤6 cm group and the >6 and ≤8 cm group and the
controversial cutoff of 5 cm as the boundary between Bsmall^
and Blarge^ tumors [20–22], we reclassified patients into three
new categories: ≤5 cm (n=426), >5 and ≤8 cm (n=229), and>
8 cm (n=202). Comparison of clinical features among these
three groups (Table 2) showed that increasing tumor size
was associated with increasing platelet count, volume
of blood loss, and rates of the following: AFP≥400 ng/

mL, major hepatectomy, postoperative complications, and
30- and 90-day mortality.

Overall survival of the three new groups

During follow-up until March 2015, 469 patients (54.7 %)
experienced HCC recurrence, of which 372 (79.3 %) experi-
enced intrahepatic recurrence. The rate of recurrence was sig-
nificantly higher among patients in the >8 cm group (69.3 %)
than among patients in the >5 and ≤8 cm group (58.1 %) or the
≤5 cm group (46.0 %; all P<0.05). Patients in the >5 and
≤8 cm group experienced a significantly higher rate of recur-
rence than those in the ≤5 cm group (P=0.004). Rates of any
recurrence and of extrahepatic recurrence increased with tu-
mor size (Table 3).

Median survival time (in months) was 76 in the ≤5 cm
group, 56 in the >5 and ≤8 cm group, and 44 in the >8 cm
group. OS was significantly higher among patients in the
≤5 cm group than among those in the >5 and ≤8 cm group
(P<0.001; Fig. 3) at all three time points: 97 vs. 95% at 1 year,
81 vs. 72 % at 3 years, and 63 vs. 49 % at 5 years. OS was
significantly higher in the >5 and ≤8 cm group than in the
>8 cm group (P=0.003; Fig. 3); OS in the latter group was
89 % at 1 year, 56 % at 3 years, and 40 % at 5 years.

Discussion

Numerous studies suggest that large tumor size is a significant
risk factor of poor OS in patients with HCC after HR [10–15,
23], but some studies have not replicated these findings [2, 24,
25]. As a result, although some studies suggest that tumor size
>5 cm is associated with significantly lower OS and higher
tumor recurrence [10, 23], official guidelines still classify all
cases of solitary HCC without macrovascular invasion in the
same group, regardless of tumor size [4, 7]. In addition, the
definition of so-called large (>5 cm) and huge (≥10 cm) HCC,
which many clinicians use to guide treatment and manage-
ment, remains controversial [20–22]. Here, we provide further
evidence that tumor size is a significant predictor of OS and
tumor recurrence, and that patients with solitary HCC should
be subclassified according to tumor size (≤5, >5 and ≤8, and
>8 cm). Our results suggest that large tumors should be de-
fined as >5 cm and ≤8 cm and huge tumors as >8 cm.

Our data contradict the recommendations of the Barcelona
Clinic Liver Cancer group to assign all cases of solitary HCC
into a single stage [3, 4, 7]. We observed comparable 30- and
90-day mortality between patients with a solitary large (>5
and ≤8 cm) or huge tumor (>8 cm) and patients with a solitary
small tumor (≤5 cm). These findings are consistent with other
large studies suggesting that HR can be safe and effective in
patients with solitary large or huge HCC [5, 6]. Therefore, we
recommend HR as a safe and effective treatment for such

�Fig. 2 Pairwise comparisons of overall survival curves between groups
of patients with solitary HCC following hepatic resection, classified by
tumor size. a ≤2 cm group vs. >2 and ≤4 cm group (P=0.411). b >2 and
≤4 cm group vs.>4 and ≤6 cm group (P=0.040). c >4 and ≤6 cm group
vs.>6 and ≤8 cm group (P=0.131). d >6 and ≤8 cm group vs.>8 and
<10 cm group (P=0.060). e >8 and <10 cm group vs. ≥10 cm group (P=
0.816)
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patients, provided that liver functional reserve and residual
remnant liver are sufficient [14, 15].

Previous work has associated remnant liver volume and
reserve liver function with risk of liver failure after HR [26].
In fact, liver failure is the main cause of perioperative

mortality [27]. Since patients with larger tumors are more
likely to undergo major hepatectomy [28, 29], they are at
higher risk of postoperative liver failure. Similarly, we found
in the present work that patients with larger tumors were more
likely to undergo major hepatectomy, lost greater volumes of

Table 2 Comparison of demographic and clinicopathological characteristics and outcomes of patients with solitary HCC who underwent initial
hepatectomy, stratified by tumor size

Parameter Group A ≤5 cm
(n=426)

Group B >5 and
≤8 cm (n=229)

Group C >8 cm
(n=202)

P

A vs. B B vs. C A vs. C

Age, year 49.2±10.9 49.4±12.3 48.3±11.3 0.561 0.071 0.094

Male 361 (84.7) 205 (89.5) 169 (83.7) 0.114 0.099 0.818

Positive for hepatitis B surface antigen 393 (92.3) 206 (90.0) 179 (88.6) 0.392 0.769 0.179

Platelet count, ×109/L 153 (12–429) 168 (32–542) 216 (44–668) 0.042 0.104 0.013

Prothrombin time, s 13.0 (9.4–22.4) 12.9 (9.9–21.0) 12.7 (9.8–19.5) 0.713 0.308 0.237

Albumin, g/L 41.3±5.0 40.6±4.4 40.3±4.3 0.428 0.331 0.230

Alanine aminotransferase, U/L 35.5 (1.9–399.0) 37 (1–283) 39 (10–410) 0.143 0.426 0.317

Total bilirubin, μmol/L 14.0±7.1 13.9±8.6 13.0±6.3 0.230 0.745 0.521

α-fetoprotein

≥400 ng/mL 119 (27.9) 78 (34.1) 106 (52.5) 0.123 <0.001 <0.001
<400 ng/mL 307 (72.1) 151 (65.9) 96 (47.5)

Child-Pugh class

A 403 (94.6) 219 (95.6) 192 (95.0) 0.698 0.954 0.965
B 23 (5.4) 10 (4.4) 10 (5.0)

Cirrhosis

Present 318 (74.6) 168 (73.4) 123 (60.9) 0.791 0.008 0.001
Absent 108 (25.4) 61 (26.6) 79 (39.1)

Esophagogastric varices 35 (8.2) 21 (9.2) 18 (8.9) 0.787 1.000 0.889

Diabetes mellitus 81 (19.0) 41 (17.9) 37 (19.3) 0.808 1.000 0.921

Tumor capsule

Complete 276 (64.8) 119 (52.0) 115 (56.9) 0.002 0.349 0.070
Incomplete/absent 150 (35.2) 110 (48.0) 87 (43.1)

Tumor size, cm 3.5±1.0 6.7±0.8 11.5±2.6 <0.001 <0.001 <0.001

Major hepatectomy 12 (2.8) 13 (5.7) 69 (34.2) 0.086 <0.001 <0.001

Blood loss, mL 200 (10–1800) 300 (30–2000) 400 (50–8400) 0.017 0.041 <0.001

Complications 91 (21.4) 65 (28.4) 78 (38.6) 0.055 0.032 <0.001

30-day mortality 0 (0) 1 (0.4) 2 (1.0) 0.350 0.602 0.103

90-day mortality 2 (0.5) 3 (1.3) 5 (2.5) 0.349 0.483 0.038

Survival time, months 76 (2–123) 56 (1–121) 44 (1–110) <0.001 0.003 <0.001

Values shown are mean±SD, median (range), or n (%)

Table 3 Frequency of recurrence in patients with solitary HCC after hepatic resection, stratified by tumor size

Variable Group A ≤5 cm
(n=426)

Group B >5 and
≤8 cm (n=229)

Group C >8 cm
(n=202)

P

A vs. B B vs. C A vs. C

Any recurrence, n (%) 196 (46.0) 133 (58.1) 140 (69.3) 0.004 0.021 <0.001

Intrahepatic recurrence, n (%) 167 (85.2) 106 (79.7) 99 (70.7) 0.248 0.115 0.002
Extrahepatic recurrence, n (%)a 29 (14.8) 27 (20.3) 41 (29.3)

a Including 28 patients with both intra- and extrahepatic recurrence
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blood, and experienced higher rates of perioperative mortality
and postoperative complications. In contrast to trends in the
literature, however, only 2 of 857 patients (0.2%) died of liver
failure within 30 days after HR, and rates of 30- and 90-day
mortality were only 0.4 and 1.2 %. These results further em-
phasize the safety of HR in patients with large and huge tu-
mors, consistent with a systematic review involving more than
15,000 patients [27].

Nearly all adjacent groups in our initial set of six showed
similar OS, especially patients with a tumor ≤2 cm or a tumor
>2 and ≤4 cm and patients with a tumor >8 and <10 cm or a
tumor ≥10 cm. This may reflect the fact that our study popula-
tion was consecutive, relatively large, and suitable for poten-
tially curative HR. This raises the question of whether our
findings can be generalized to patients with macroscopic vas-
cular invasion or tumor metastasis before surgery. Further stud-
ies are also needed to determine whether our results are valid
for patient populations with lower incidence of HBV infection.

Our analysis revealed similarities and discrepancies from
the literature on what patient clinicopathologic characteristics
are associated with poor OS. One study correlated low preop-
erative platelet count with poor OS [30]. In the present study,
however, preoperative platelet counts were significantly
higher among patients with larger tumor size. AFP is one of
the most widely used tumor markers for detecting and moni-
toring HCC, and we found a positive correlation between AFP
levels and tumor size, consistent with previous work [31, 32],
including studies from our own group showing AFP ≥400 ng/
mL to be an indicator of poor prognosis [13–16]. At the same
time, our data do not support the positive correlations

previously reported between tumor size and presence of cir-
rhosis, esophagogastric varices, or complete tumor capsule [2,
24]. Though the rate of HCC recurrence is increasing with the
enlargement of tumor size, postoperative or adjuvant therapies
may be useful to prolong OS [33, 34].

This study was designed to provide reliable conclusions in
order to guide clinical practice. Similar studies in the literature
[23, 35] focused on single pairwise comparisons between tu-
mor size groups, such that the sample size for each compari-
son was the entire study population. In the present work, in
contrast, we simultaneously compared several tumor size
groups, such that the sample size of each comparison was
smaller than the total population. In addition, we initially de-
fined groups to span the entire range of observed tumor sizes,
in 2-cm increments. Then we refined the groups based on OS
analysis, and our groups spanned the controversial cutoff of
5 cm widely used to differentiate small and large HCC.

The present study provides strong evidence that tumor size
correlates negatively with OS and positively with tumor re-
currence among patients with solitary HCC. OS analysis sug-
gests that these patients should be subclassified based on tu-
mor size as follows: ≤5, >5 and ≤8, and >8 cm. Our results
further support a growing literature demonstrating the safety
and efficacy of HR for patients with large and even huge HCC
tumors. These findings should be verified and extended in
large, rigorously designed studies on patient populations of
other ethnicities and disease backgrounds. In addition, the
median follow-up period of further studies should be longer
than 5 years because some included patients in this study were
followed up for fewer than 5 years.

Fig. 3 Comparison of overall
survival curves among three
groups of patients with solitary
HCC following hepatic resection.
These groups were formed by
combining adjacent groups in
Fig. 1 that showed similar OS
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