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Abstract

Background: Surgical treatment for hepatocellular carcinoma (HCC) is advancing, but a robust prediction model for survival after
resection is not available. The aim of this study was to propose a prognostic grading system for resection of HCC.

Methods: This was a retrospective, multicentre study of patients who underwent first resection of HCC with curative intent between
2000 and 2007. Patients were divided randomly by a cross-validation method into training and validation sets. Prognostic factors
were identified using a Cox proportional hazards model. The predictive model was built by decision-tree analysis to define the
resection grades, and subsequently validated.

Results: A total of 16 931 patients from 795 hospitals were included. In the training set (8465 patients), four surgical grades were
classified based on prognosis: grade A1 (1236 patients, 14.6 per cent; single tumour 3 cm or smaller and anatomical R0 resection); grade
A2 (3614, 42.7 per cent; single tumour larger than 3 cm, or non-anatomical R0 resection); grade B (2277, 26.9 per cent; multiple tumours,
or vascular invasion, and R0 resection); and grade C (1338, 15.8 per cent; multiple tumours with vascular invasion and R0 resection, or
R1 resection). Five-year survival rates were 73.9 per cent (hazard ratio (HR) 1.00), 64.7 per cent (HR 1.51, 95 per cent c.i. 1.29 to 1.78), 50.6
per cent (HR 2.53, 2.15 to 2.98), and 34.8 per cent (HR 4.60, 3.90 to 5.42) for grades A1, A2, B, and C respectively. In the validation set (8466
patients), the grades had equivalent reproducibility for both overall and recurrence-free survival (all P< 0.001).

Conclusion: This grade is used to predict prognosis of patients undergoing resection of HCC.

Introduction
Liver resection has a leading role in the treatment of hepatocellu-
lar carcinoma (HCC). Worldwide data sets have confirmed im-
provement in patient outcomes, including 5-year survival rates
of 50–70 per cent, operative mortality rates of 1–5 per cent, and
declining global mortality1–3. Surgical practice for HCC has be-
come better established by use of prognostic models4,5. Liver re-
section needs to be planned on an individual basis to maximize
the surgical impact.

Representative clinical guidelines for treating HCC have pro-
posed conflicting recommendations for surgery6,7. Liver resection
can be indicated in patients who have up to three tumours of any
size according to the Japanese algorithm6, but is more restricted

according to Western guidelines7. The newest TNM classification
for HCC8 categorizes patients based only on tumour-related fac-
tors, enabling suggestions for the prognosis of each patient.
Nomograms are a feasible option for predicting patient survival9,
but an easy-to-use prognostic tool is preferable for surgical
patients with HCC.

The aim of this study was to define and validate the prognos-
tic value of resection grade for patients undergoing surgery for
HCC.

Methods
This was a multicentre retrospective study with data collected by
the Liver Cancer Study Group of Japan (LCSGJ). Since 1965, the
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LCSGJ has conducted biannual surveys for patients with HCC by

using a standardized platform for reporting clinical measures10.

The principal doctors from 795 hospitals throughout Japan an-

swered 135 questionnaires regarding patient characteristics, di-

agnosis and treatment for HCC, and patient outcomes. HCC was

diagnosed based on imaging studies, clinical data, and pathologi-

cal studies. After registration, the patients were followed at each

institute, according to the clinical practice guidelines for HCC6.
Clinicopathological data for patients with primary liver cancer

were collected from the 16th (2000–2001), 17th (2002–2003), 18th

(2004–2005), and 19th (2006–2007) nationwide surveys by the

LCSGJ10. For updating survival data10, the principal doctor at each

hospital was responsible for reporting 29 questionnaires biyearly

regarding HCC recurrence and patient survival after surgery.

Patients who underwent resection for HCC as the first treatment

with curative intent, and with complete data regarding tumour

status, liver function, and prognosis, were included. The patients

were divided randomly into training and validation sets (1 : 1 ra-

tio) by a cross-validation method.

Liver resection
According to the Japanese guidelines for HCC6, liver resection

was indicated for patients who had up to three tumours of any

size. The surgical indication was based on hepatic functional re-

serve mainly according to Makuuchi’s criteria11, which included

no accumulation of ascites, a total bilirubin level below 2.0 mg/

dl, and indocyanine green retention rate at 15 min (ICG-R15) be-

low 30 per cent. The use of these criteria resulted in an operative

mortality rate (within 30 days) of less than 1 per cent in the LCSGJ

surveys10,11. The acceptable hepatic volume to be resected was

defined according to the patient’s liver function: removal of ap-

proximately two-thirds of the liver was permitted when ICG-R15

was less 10 per cent (indicating normal background liver), re-

moval of one-third when ICG-R15 was below 20 per cent (chronic

hepatitis), and removal of one-sixth when ICG-R15 was less than

30 per cent (cirrhosis)11. Routine protocols for managing elective

resection for HCC have been described elsewhere12,13.
Anatomical resection was defined as complete resection of the

target segment(s) harbouring HCC lesions, resulting in total expo-

sure of landmark vessels that frame the segmental territory,

such as the major hepatic vein(s)11,13,14, including monosegmen-

tectomy, disegmentectomy, trisegmentectomy, and hemihepa-

tectomy (Fig. S1). After resection of HCC, residual tumour (R) was

defined as R0 (no residual tumour) or R1 (macroscopic residual

tumour)4,15.

Decision-tree analysis
Grading for resection of HCC was determined as follows: prognos-

tic factors for patient survival were identified by use of a Cox pro-

portional hazards model in the training set, with P < 0.050 set as

cut-off value for elimination, and a decision tree was built using

significant factors. The software SPSSVR Clementine version 12.0

(IBM, Armonk, New York, USA) was used to explore the data to

search for optimal split variables, build a decision-tree structure,

and classify the subjects into homogeneous groups based on the

outcome of interest. The entire study population was investi-

gated at every step of analysis to determine which variable(s)

yielded the most significant division into two prognostic groups.

The resulting final groups with 5-year overall survival in a tree-

style form were most homogeneous for predicting the probability

of survival.

Statistical analysis
Univariable and multivariable analyses were used to evaluate the
effect of each tumour and surgical factor on prognosis. The
results of multivariable analysis were expressed as coefficients,
standard errors, and hazard ratios with 95 per cent confidence
intervals. Overall survival was estimated using a Cox propor-
tional hazards model to define the prognostic impact of the re-
section grade. Using a cross-validation method, patients were
randomly divided in a 1 : 1 ratio into training and validation sets.
The discriminatory power of the grading system was compared
by using Harrell’s concordance index (C-index) between training
and validation sets16. P < 0.050 was considered statistically signif-
icant. All statistical analyses were conducted using SASVR version
9.2 (SAS Institute, Cary, North Carolina, USA).

Results
Of 77 268 patients registered with HCC, 16 931 patients from 795
hospitals were included in the study (Fig. 1). Median follow-up
was 16.5 years. Patients were divided randomly into training
(8465) and validation (8466) cohorts.

Training set
In the training cohort, 16 baseline characteristics were evaluated,
and binary comparisons showed significant associations between
all variables and 5-year survival, except for sex and age (Table 1).
Univariable and multivariable analyses identified six tumour-
related and surgical variables that were predictors of patient sur-
vival (all P<0.001) (Table 2). These included vascular invasion,
multiple tumours, tumour size, residual tumour, non-anatomical
resection, and positive surgical margin.

Decision-tree model
Using these predictors, the decision-tree analysis selected five
variables to classify seven subgroups of patients (Fig. 2).
Tumour residue was identified as the first predictor of patient
survival, followed by vascular invasion, multiple tumours,

Patients with HCC registered from 795
hospitals over 8 years

n = 77 268

Excluded: by non-surgical therapy
n = 54 847

Initial resection of HCC 
n = 22 421

Excluded: lacked complete data for analysis
n = 5490

Study cohort randomized
n = 16 931

Training set
n = 8465

Validation set
n = 8466

Fig. 1 Study flow chart

HCC, hepatocellular carcinoma.
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tumour size (over 3.0 cm), and non-anatomical resection as

the final split. The model comprised seven subgroups of

patients with 5-year mortality rates after surgery ranging from

14.5 to 49.8 per cent.

Resection grade
Prognostic data were integrated to classify patients with HCC into

three independent resection grades (A, B, and C), with two sub-

grades (A1 and A2) (Fig. 3): grade A1—single tumour 3 cm or

smaller without vascular invasion and anatomical R0 resection;

grade A2—single tumour larger than 3 cm without vascular

invasion, or non-anatomical R0 resection; grade B—multiple

tumours, or single tumour with macroscopic vascular invasion,

and R0 resection; and grade C—multiple tumours with vascular

invasion and R0 resection, or any resulting in R1 resection.
Anatomical resection, including monosegmentectomy (23.4 per

cent), bisegmentectomy/trisegmentectomy (20.7 per cent), or hem-

ihepatectomy/extended hemihepatectomy (22.8 per cent), was

performed in 11 323 patients (66.9 per cent), non-anatomical re-

section (limited or random resection) in 5352 patients (31.6 per

cent), and an unknown procedure in 256 patients (1.5 per cent).

The perioperative mortality rate was 0.8 per cent.

Table 1 Patient characteristics in training set

No. of patients 5-year survival (%) Median survival (months) P

Sex 0.921
M 6544 57.5 73.6
F 1921 56.3 73.6

Age (years) 0.456
<60 1957 57.9 84.0
� 60 6019 56.8 71.7

Hepatitis virus infection < 0.001
HBsAgþ/HCV-Ab– 1511 59.3 86.8
HBsAg–/HCV-Abþ 4513 53.8 65.4
HBsAgþ/HCV-Abþ 145 57.2 72.8
HBsAg–/HCV-Ab– 2003 64.1 n.r.

Bilirubin (mg/dl) < 0.001
<1.0 5994 58.7 82.4
� 1.0 2311 53.8 65.4

Albumin (g/dl) < 0.001
<3.5 1465 43.0 51.0
� 3.5 6769 60.6 83.9

Platelet count (per ll) < 0.001
<105 1892 53.1 62.1
� 105 6358 58.8 83.9

ICG-R15 (%) < 0.001
<20 5591 60.7 91.4
� 20 2198 49.4 58.2

Child–Pugh grade < 0.001
A 7335 59.3 81.4
B 785 41.4 46.4

Cirrhosis < 0.001
No 3841 63.3 n.r.
Yes 3595 51.9 63.3

Tumour diameter (cm)
� 2 1540 71.2 n.r. < 0.001
>2 6856 54.6 69.4
� 3 3637 66.9 91.4 < 0.001
>3 4759 50.5 61.0
� 5 6040 62.8 84.3 < 0.001
> 5 2356 44.4 45.9

Tumour number < 0.001
Single 6111 63.0 93.2
Multiple 2325 43.5 49.4

Vascular invasion < 0.001
No 6742 62.4 86.0
Yes 1562 36.8 33.3

a-Fetoprotein (ng/ml) < 0.001
<20 3909 67.3 n.r.
� 20 4221 48.2 57.1

PIVKA-II (munits/ml) < 0.001
<40 2717 68.3 91.4
� 40 4248 54.2 69.6

Surgical margin < 0.001
Negative 7852 59.0 81.5
Positive 579 38.6 39.8

Tumour residue < 0.001
No 7955 59.4 81.6
Yes 510 26.0 22.6

HBsAg, hepatitis B surface antigen; HCV-Ab, hepatitis V virus antibody; n.r., not reached; ICG-R15, indocyanine green retention rate at 15 min; PIVKA-II, protein
induced by vitamin K antagonist II.
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Validation set
Overall survival differed according to resection grade in the vali-
dation set (Fig. 4). In both sets, estimated 5-year survival rates
and hazard ratios for mortality were related to resection grade

and were very similar (all P<0.001) (Table 3). The C-index was the
same in the two sets (both 0.62).

Resection grade could also differentiate recurrence-free sur-
vival. Five-year recurrence-free survival rates were 45.2, 36.9,

Table 2 Logistic regression analysis of tumour and surgical factors to identify predictors of survival

Univariable analysis Multivariable analysis

Coefficient Standard error Hazard ratio P Coefficient Standard error Hazard ratio P

Tumour factors
Vascular invasion 1.01 0.05 2.74 (2.50, 3.00) < 0.001 0.69 0.05 2.00 (1.81, 2.21) < 0.001
Multiple tumours 0.65 0.04 1.91 (1.76, 2.08) < 0.001 0.46 0.05 1.58 (1.44, 1.73) < 0.001
Tumour size (cm) 0.71 0.07 2.03 (1.78, 2.31) < 0.001
>2 versus �2 0.67 0.05 1.95 (1.78, 2.13) < 0.001
>3 versus �3 0.72 0.04 2.06 (1.89, 2.24) < 0.001
� 2 1.00 (reference)

>2, � 3 0.32 0.08 1.38 (1.18, 1.61) < 0.001
>3, � 5 0.56 0.08 1.75 (1.50, 2.03) <0.001
>5 0.88 0.08 2.42 (2.08, 2.82) < 0.001

Surgical factors
Tumour residue 1.15 0.06 3.15 (2.79, 3.57) < 0.001 0.61 0.08 1.83 (1.58, 2.13) < 0.001
Surgical margin positive 0.74 0.06 2.10 (1.85, 2.37) < 0.001 0.43 0.07 1.54 (1.34, 1.76) < 0.001
Non-anatomical resection* –0.19 0.05 1.21 (1.11, 1.33) < 0.001 0.20 0.05 1.21 (1.09, 1.35) < 0.001

Values in parentheses are 95 per cent confidence intervals. *Including any type of non-systematic resection, leaving a part of the tumour-bearing portal region
(5352, 31.6 per cent). Others were anatomical resection, achieving systematic resection of the target segment(s) or hemiliver (11 323, 66.9 per cent), and unknown
procedure (256, 1.5 per cent).

No
Tumour residue

Vascular invasion

Multiple tumoursMultiple tumours

Tumour > 3.0 cm

50
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Grade A1
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(n = 2277, 26.9%)
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Fig. 2 Decision-tree analysis

The analysis selected five predictors to classify seven patient subgroups. The factor ‘surgical margin’ was not included owing to collinearity with tumour residue.
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24.4, and 13.8 per cent for patients with resection grades A1, A2,

B, and C, respectively (Fig. 5).

Discussion
Resection grade has been designed to guide optimal liver resec-

tion, resulting in good prediction of patient survival after resec-

tion of HCC. The model based on the training set stratified

patients into four groups (grades A1, A2, B, and C) according to es-

timated survival after surgery. This was reproducible in the vali-

dation set, and resection grade may therefore be of clinical use.
This model involved only five factors. Excluded variables were

tumour markers, microvascular invasion, and tumour cellular

differentiation. These have been shown to be rather more accu-

rate predictors of poor prognosis than decision-making tools for

surgery17. Nomograms with more than ten variables are compli-
cated but also may have better predictability than the present
prediction model9. The advantage of resection grade, however, is
that it is based only on clinically solid and indispensable varia-
bles. Resection grade can be applied simply to real-time practice
in HCC resection.

Tumour size was the only continuous variable, and the 3-cm
cut-off would be best suited as threshold based on evidence-
based guidelines6,7, whereas the 2-cm value led to overestimation
of the prognostic forecast because such small tumours are fre-
quently (25 per cent) precursor lesions of HCC18,19. As regards
surgical factors, tumour residue was selected as the most impor-
tant determinant, and surgical margin was not included because
of its collinearity with tumour residue.

The resection grade system links prognostic prediction to sur-
gical decision-making. Grade A1 requires anatomical resection
for a single HCC 3 cm or smaller without vascular invasion, lead-
ing to the highest probability of 5-year survival. These tumour
and surgical factors for grade A1 extracted from the decision-tree
analysis are further supported by the findings of the LCSGJ study
(5781 patients)20, which showed the value of anatomical resec-
tion of single and small (3 cm or less) HCC, and a meta-regression
analysis21 that demonstrated the prognostic benefits of anatomi-
cal resection for non-invasive HCC. Moreover, anatomical resec-
tion of tumours in this grade will be better than non-anatomical
resection, as suggested by a propensity score matching study22

and systematic review23. If these conditions are not met, the tu-
mour falls into the grade A2 group. In grade A as a whole, 5-year
survival rates of around 70 per cent indicate a potential surgical
cure18,19,24 for the target HCC, unless multicentre recurrence
develops in the remnant liver.

Grades B and C are associated with advanced HCC with multi-
ple tumours or/and vascular invasion. The 5-year survival rate
for grade B is within a standard international range4,7,10, whereas
that for grade C is dismal because of coexisting unfavourable tu-
mour factors or tumour residue. Recent LCSGJ studies have
shown that patients with multiple (up to 3) tumours25 and those
with portal or hepatic vein invasion5,26 could benefit from liver
resection, with longer survival outcomes than achieved with
non-surgical treatment. Although resection of such advanced
HCCs would not usually lead to cure, surgeons need to strive for

Grade A Single tumour without vascular invasion and R0 resection

A1 ≤ 3 cm and anatomical R0 resection A1 < 3 cm and anatomical R0 resection

Grade B Multiple tumours; or vascular invasion,
and R0 resection

Grade C Multiple tumours with vascular invasion
and R0 resection; or R2 resection

Fig. 3 Resection grades

A2 (n = 3698)
B (n = 2242)
C (n = 1307)

Training set Validation set
A1 (n = 1219)A1 (n = 1236)
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Fig. 4 Overall survival according to resection grade in training and
validation sets

P<0.001 for comparison of survival across resection grades in training and
validation sets combined (log rank test).

416 | BJS, 2021, Vol. 108, No. 4

D
ow

nloaded from
 https://academ

ic.oup.com
/bjs/article/108/4/412/6124821 by guest on 10 April 2024



R0 resection whenever possible15. Consequently, liver resection is

tailored according to the resection grading system to maximize

the surgical efficacy.
The C-index for the validation set was similar to that of

the Barcelona Clinic Liver Cancer (BCLC) system (0.64)7,27. In the

present study, patients were selected according to Makuuchi’s

criteria. This may have led to a cohort of patients with a favour-

able prognosis (BCLC stage 0 or A)2,24,28. This study, however, also

included those with multiple tumours (stage B) and vascular in-

vasion (stage C). Recent evidence supports expanded use of sur-

gery2,4,5,25,26,28. The present grading system can be used for a

wider surgical indication than BCLC stage. Limitations of the pre-

sent study include the retrospective design and lack of validation

in a cohort outside Japan.
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