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Abstract

Purpose
The Barcelona Clinic Liver Cancer (BCLC) staging system has been recommended for prognostic
prediction. However, prognosis is variable at different BCLC stages. We aimed to evaluate whether the
radiographic tumor burden score (TBS) could be used to stratify prognosis in different BCLC stages.

Methods
Hepatocellular carcinoma (HCC) patients undergoing liver resection (LR) at BCLC-0, -A, or -B stage in our
institution in 2007–2018 were divided into derivation and validation cohorts. Overall survival (OS) was
analyzed according to the TBS and BCLC stage. TBS cutoff values for OS were determined with X-tile.

Results
Of the 749 patients in the derivation cohort, 138 (18.4%) had BCLC-0, 542 (72.3%) BCLC-A, and 69 (9.2%)
BCLC-B HCC; 81 (10.8%) had a high TBS (> 7.9), 474 (63.3%) a medium TBS (2.6–7.9), and 194 (25.9%) a
low TBS (< 2.6). OS worsened progressively with increasing TBS in the cohort (p < 0.001) and in BCLC-A
(p = 0.04) and BCLC-B (p = 0.002) stages. Multivariate analysis showed that the TBS was associated with
OS of patients with BCLC-A (medium vs. low TBS: hazard ratio [HR] = 2.390, 95% CI = 1.024–5.581, p = 
0.04; high vs. low TBS: HR = 3.885, 95% CI = 1.443–10.456, p = 0.007) and BCLC-B (high vs. medium TBS:
HR = 2.542, 95% CI = 1.077–6.002, p = 0.033) HCC. The TBS could also be used to stratify the OS of
patients in the validation cohort (p < 0.001).

Conclusion
The TBS could be used to stratify the OS of the entire cohort and BCLC stages A and B of HCC patients
undergoing LR.

Introduction
Hepatocellular carcinoma (HCC) is a leading cause of cancer-related death worldwide [1]. Liver resection
(LR) is reserved for patients with preserved liver function in the absence of extrahepatic metastasis and
macrovascular invasion [2, 3]. LR improves overall survival (OS) across the Barcelona Clinic Liver Cancer
(BCLC) stages [4]. However, LR also carries a higher risk compared to non-surgical treatments. Therefore,
preoperative prediction of the outcome for HCC patients undergoing LR is important and helpful for
clinical decision-making.
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The BCLC staging system has been repeatedly validated and is recommended for prognostic prediction
[3]. In the recent version of the BCLC staging system, single large HCC > 5cm is designated as BCLC-A
rather than BCLC-B [3]. However, as tumor size increases, the risk of microvascular invasion and
micrometastasis increases and the outcome worsens [5]. A previous study showed that the prognosis of
patients with a single large HCC > 5 cm undergoing LR was similar to that of patients at BCLC stage B [6].
Therefore, prognosis is variable for patients undergoing LR at BCLC stage A. BCLC stage B is also well
known for its heterogeneous prognosis [7].

The tumor burden score (TBS) was originally proposed by Sasaki et al. [8]. They found that the TBS was
an accurate tool to predict the OS of patients with colorectal liver metastasis undergoing resection. The
TBS is simple to use, and previous studies have demonstrated its impact in resected and non-resected
HCC cases [9–15]. Tsilimigras et al. studied patients with BCLC-0, -A, and -B HCC who underwent LR, and
showed that pathological TBS could stratify the OS of the entire cohort and at BCLC stages A and B [9].
However, pathological TBS could not preoperatively predict the prognosis of HCC patients who underwent
LR.

Therefore, the objective of this study was to evaluate whether radiographic TBS could be used to stratify
the OS of an entire cohort and at BCLC stages A and B of HCC patients undergoing LR.

Materials And Methods
The Institutional Review Board of Chang Gung Memorial Hospital-Kaohsiung Branch approved this study
(reference number: 202000398B0) and waived the need for informed consent due to the retrospective and
observational nature of the study design. Data were extracted from the Kaohsiung Chang Gung Memorial
Hospital HCC registry. The vital status of every patient in the registry is updated annually by linking to the
website of the Ministry of Health and Welfare of Taiwan (Cancer Screening and Tracing Information
Integrated System for Taiwan [https://hosplab.hpa.gov.tw/CSTIIS/index.aspx]).

Patients with newly diagnosed HCC who underwent LR at Kaohsiung Chang Gung Memorial Hospital
from 2007 to 2018 were enrolled in this study. The inclusion criterion was HCC at BCLC stage 0, A, or B.
The exclusion criteria were unknown preoperative alpha-fetoprotein (AFP) level (only in the derivation
cohort), age < 18 years, unknown pathological stage, pathology N1 or M1, and non-curative LR. Curative
LR was de�ned as complete resection of macroscopic tumors with microscopically negative surgical
margins. Finally, 749 patients who underwent LR in 2011–2018 served as a derivation cohort, and 275
patients who underwent LR in 2007–2010 served as a validation cohort. The cancer registry data
collection in Taiwan started in 2006. The references used for the cancer registry data include the Facility
Oncology Registry Data Standards (https://www.facs.org/-/media/�les/quality-
programs/cancer/ncdb/fords-2016.ashx) and Surveillance, Epidemiology, and End Results (SEER)
(https://seer.cancer.gov/). Laboratory and pathology data, including AFP, liver �brosis, Child–Pugh class,
hepatitis B surface antigen (HBsAg), and anti-hepatitis C virus (HCV) antibody, have been recorded since
2011 for HCC in Taiwan. Therefore, we used patients who underwent LR in 2011–2018 as a derivation
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cohort due to the completeness of the available data in the HCC registry starting from 2011. The raw data
for the derivation cohort are available via the following digital object identi�er:
https://www.dropbox.com/scl/�/vluatxipqj7totcjppxrb/TBS-derivation-cohort.xlsx?
dl=0&rlkey=3neo09dz0m3hsrsuir7eri19a 

The raw data for the validation cohort are available via the following digital object identi�er:
https://www.dropbox.com/scl/�/p9ay89ms05r3s8m4uxbof/TBS-validation-cohort.xlsx?
dl=0&rlkey=55uosqj2rw4k85s9cipbc0161 

Tumor size and number were assessed by preoperative contrast-enhanced computed tomography (CT) or
magnetic resonance imaging (MRI). A multidisciplinary team (MDT) discussed each patient’s case before
LR. Liver nodules with a maximum diameter of ≥ 1 cm were counted as HCC nodules if typical HCC
imaging features were present (i.e., arterial phase hyperenhancement with washout in the portal venous
or delayed phases) in cirrhotic patients [3]. Whether or not to count liver nodules that did not meet the
image criteria for HCC as HCC nodules was based on the MDT discussion. 

Correlation between radiographic and pathological tumor size and number

We randomly selected 180 patients and evaluated the correlation between radiographic and pathological
tumor size and number. The raw data for this subgroup of patients are available via the following digital
object identi�er: https://www.dropbox.com/scl/�/vc3mhzuv6sszcrv5fmd0n/image-pathology-correlation-
all-patients-raw-data-for-submission.xlsx?dl=0&rlkey=8glr30hn6imluqayvrlczpw7w 

Tumor differentiation was assessed with Edmondson and Steiner’s classi�cation [16]. Fibrosis was
assessed with the Ishak score [17]. Cirrhosis was de�ned as �brosis with an Ishak score of 5 or 6. Major
resection was de�ned as resection of ≥ 3 Couinaud segments. 

The 6th version of the American Joint Committee on Cancer (AJCC)/tumor–node–metastasis (TNM)
staging [18] was applied to our HCC registry data from 2007 to 2010, 7th version of the AJCC/TNM
staging [19] was applied to the data from 2010 to 2017, and the 8th version [20] was applied to the data
since 2018. Therefore, we presented pathology T stage in the current study as stage 1 or 2 versus 3 or 4.
T stage 1 or 2 was a single tumor with or without vascular invasion or multiple tumors with none > 5 cm.
T stage 3 or 4 was multiple tumors with any > 5 cm, or tumors with major vascular invasion, perforation
of visceral peritoneum, or direct invasion of adjacent organs other than the gallbladder.

Outcome measurement

The outcome measurement was OS, de�ned as the interval between the date of LR and the date of the
last follow-up or death. 

De�nitions of BCLC stages and TBS
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A single tumor of ≤ 2 cm was de�ned as BCLC stage 0; a single tumor of > 2 cm, or two to three tumors
of ≤  3 cm, as BCLC stage A; and two to three tumors of ≥ 3 cm, or ≥ four tumors, as BCLC stage B [3].
Tumor size was de�ned by the size of the largest tumor if there were multiple tumors. TBS2 = (maximum
tumor diameter (cm))2 + (number of tumors)2 [8]. The cutoff values of TBS for OS were determined with
X-tile [21], a bioinformatics tool created by Camp et al. 

Statistical analysis

The characteristics of the patients are presented as number (%) and were compared using the chi-square
test. Kaplan–Meier survival curves and the log-rank test were used to compare OS between groups.
Covariates in the multivariable model were chosen a priori for clinical relevance. The potential
confounders included age, cirrhosis, TBS, AFP (≤ 400 ng/mL vs. > 400 ng/mL) [22], and tumor
differentiation. These variables were fully adjusted in the multivariate model. Results are presented as
hazard ratio (HR) with 95% con�dence interval (CI). The kappa value was calculated to indicate the
radiographic–pathological tumor number agreement (0.41–0.60 indicated moderate agreement; 0.61–
0.80 indicated good agreement; and > 0.81 indicated excellent agreement). The relationship between
radiographic tumor size and pathological measurements was analyzed using Pearson correlation
coe�cients. Relationships were considered to be nonexistent when the correlation coe�cient (r) was <
0.20, weak when r = 0.21–0.40, moderate when r = 0.41–0.60, strong when r = 0.61–0.80, and almost
perfect when r > 0.80. Statistical analyses were performed using SPSS version 22.0. Two-tailed
signi�cance values were applied, and p < 0.05 was de�ned as statistically signi�cant. 

Results
Characteristics of the derivation cohort

A total of 749 HCC patients who underwent LR met the inclusion criteria and were enrolled in the
derivation cohort. Overall, 138 patients (18.4%) had a BCLC score of 0, 542 (72.4%) had a BCLC score of
A, and 69 (9.2%) had a BCLC score of B (Table 1). Of the 749 patients, 394 (52.6%) were HBsAg positive,
252 (33.6%) were anti-HCV antibody positive, 352 (47.0%) had a major resection, 254 (33.9%) were > 65
years of age, 576 (76.9%) were male, 120 (16.0%) had an AFP level of > 400 ng/ml, and 737 (98.4%) were
Child–Pugh class A. Pathological examination showed 290 patients (38.7%) with cirrhosis, 29 (3.9%)
with poorly differentiated tumors, and 63 (8.4%) with pathology T stage 3 or 4. The highest proportion of
BCLC stage A patients were in the > 65-year age group. The highest proportion of BCLC stage 0 patients
had cirrhosis, while the BCLC stage B group included the highest number of patients with AFP ≥ 400
ng/ml, major resection, and pathology T stage 3 or 4.

Cutoff values of tumor burden score

Patients were divided into three groups according to the TBS: high TBS (> 7.9; n = 81 [10.8%]); medium
TBS (2.6–7.9; n = 474 [63.3%)); and low TBS (< 2.6; n = 194 [25⋅9%)) (Fig. 1). All 138 patients with BCLC
stage 0 HCC had a low TBS. Patients with BCLC stage A tumors had a low (n = 82 [15.1%]), medium (406
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[74.9%]), or high (54 [10.0%]) TBS, whereas those with BCLC stage B HCC had a medium (42 [60.9%]) or
high (27 [39.1%]) TBS.

TBS could be used to stratify the OS of the derivation cohort

After a median follow-up of 19.9 (inter quantile range (IQR) = 10.9–85.9) months, the 5-year OS following
LR of the derivation cohort was 70.6% (95% CI = 66.3–75.3%). The �ve-year OS varied based on BCLC
stage (85, 73, and 48% for BCLC stages 0, A, and B, respectively; p < 0.001). The TBS could be used to
stratify OS (5-year OS: 87.5, 72, and 48% for low, medium, and high TBS, respectively; p < 0⋅001) (Fig. 2). 

TBS could be used to stratify OS at the BCLC stages A and B

To evaluate whether TBS could be used to stratify the OS at BCLC stages A and B, subgroup analyses
were performed for BCLC stage A and B patients. In the BCLC stage A group, OS worsened progressively
with increasing TBS (5-year OS: 87.5, 70, and 63% for low, medium, and high TBS, respectively; p = 0.04)
(Fig. 3a). Of the patients with BCLC stage B HCC, those with a high TBS had a worse 5-year OS than those
with a medium TBS (23% vs. 65%; p = 0.002) (Fig. 3b). 

Multivariate analysis of prognostic factors associated with overall survival in BCLC stages A and B

Multivariate analysis showed that an age of > 65 years (HR = 2.195, 95% CI = 1.461–3.298, p < 0.001), the
presence of cirrhosis (HR = 1.978, 95% CI = 1.309–2.988, p = 0.001), medium TBS vs. low TBS (HR =
2.390, 95% CI = 1.024–5.581, p = 0.04), and high vs. low TBS (HR = 3.885, 95% CI = 1.443–10.456, p =
0.007) were associated with OS in BCLC stage A (Table 2). Multivariate analysis showed that an age of >
65 years (HR = 3.269, 95% CI = 1.297–8.237, p = 0.012), AFP > 400 ng/ml (HR = 2.938, 95% CI = 1.138–
7.589, p = 0.026), and high vs. medium TBS (HR = 2.542, 95% CI = 1.077–6.002, p = 0.033) were
associated with OS in BCLC stage B (Table 2). 

Validation of TBS

Fifty-six patients (20.4%) had BCLC stage 0, 196 (71.3%) had BCLC stage A, and 23 (8.4%) had BCLC
stage B HCC in the validation cohort. In this cohort, 72 patients (26.2%) had a high TBS, 163 (59.3%) had
a medium TBS, and 40 (14.5%) had a high TBS (Table 3). In addition, TBS could be used to stratify the
OS of the validation cohort. Patients with a low, medium, and high TBS had a 5-year OS of 88, 78, and
50% respectively (p < 0.001) (Fig. 4a). The TBS could also be used to stratify OS in BCLC stage A (5-year
OS = 83, 82, and 60% for low, medium, and high TBS, respectively; p = 0.03) (Fig. 4b). 

Correlation between radiographic and pathological tumor size and number

The characteristics of this subgroup of 180 patients are shown in Table 4. Thirty-nine patients (21.7%)
were BCLC stage 0, 129 (71.7%) BCLC stage A, and 12 (6.7%) BCLC stage B. In addition, 161 (89.4%)
patients had a radiographic solitary tumor and 19 (10.6%) had radiographic multiple tumors; 160 (88.9%)
patients had a pathological solitary tumor and 20 (11.1%) had pathological multiple tumors. The median
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(IQR) radiographic tumor size was 29 (22 –50) mm. The median (IQR) pathological tumor size was 28.5
(21–50) mm. Kappa was 0.665, indicating good agreement between radiographic and pathological tumor
number. The discrepancy between radiographic and pathological tumor numbers was mainly in nodules
< 1 cm, found either by radiographic or pathological examination. Of the 180 patients, 12 (6.7%) showed
a discrepancy between radiographic and pathological tumor numbers. Of these patients, seven had
satellite nodules < 1 cm that were identi�ed on pathological examination but were not detected in
imaging studies; �ve patients had radiographic tumors < 1cm which were not found on pathological
examination. The correlation between radiographic and pathological tumor size was almost perfect (r =
0.973; p < 0.001). 

Discussion
Our data showed that radiographic TBS could be used to stratify the OS, both for the entire cohort and for
BCLC stages A and B, of HCC patients undergoing LR. This information is useful for preoperative
prognostic prediction. This study used the X-tile bioinformatics tool [21] to determine the optimal TBS
cutoff values for OS (low TBS was de�ned as < 2.6, medium TBS as 2.6–7.9, and high TBS as > 7.9),
which were different from those of Tsilimigras et al. (low TBS was de�ned as < 3.36, medium as 3.36–
13.74, and high as > 13.74) [9]. The discrepancies between the two studies may be due to different
patient characteristics and, most importantly, the use of pathologically de�ned TBS by Tsilimigras et al.
[9] in contrast to our use of radiographically de�ned TBS.

We enrolled patients with BCLC stage B HCC in this study. The BCLC guidelines recommend transarterial
chemo-embolization for BCLC stage B patients [3]. However, the selected patients with BCLC B (e.g.,
patients with multiple tumors located in one lobe of the liver or patients with the main tumor(s) located in
one lobe of the liver and a small tumor located on the surface of the contralateral lobe of the liver) were
eligible for LR [23].

Some previous studies aimed to stratify prognosis of HCC patients undergoing LR at different BCLC
stages. Tsilimigras et al. proposed a TBS-based preoperative score to predict the OS of BCLC stage B HCC
patients undergoing LR. The parameters used in this model included radiographic TBS, cirrhosis, AFP, and
the American Society of Anesthesiologists (ASA) classi�cation. This model could categorize patients into
distinct prognostic groups in relation to OS [10].

In the case of BCLC stage A, the cutoff value of tumor size to de�ne single large HCC for prognostic
strati�cation is controversial. A study based on patients from Western countries used 5 cm [6] while a
study from China used 7 cm [24] as the cutoff value to de�ne single large HCC for prognostic
strati�cation of HCC patients undergoing LR.

The discrepancy between radiographic and pathological tumor numbers was mainly in nodules
determined to be < 1 cm either by radiographic or by pathological examination. Diagnosis of sub-
centimeter HCC may be challenging [25]. Diagnostic performance in sub-centimeter HCC detection can be
improved with gadoxetic acid-enhanced MRI [26]. However, MRI is not feasible for patients with
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inadequate breath-holding ability, claustrophobia, MRI contraindications, etc. Therefore, the American
guidelines do not recommend MRI in preference to CT for diagnostic evaluation of patients with HCC [2].

The strength of this study is the use of the radiographic TBS rather than the pathological TBS. The
radiographic TBS is useful for preoperative prognostic prediction. This study used valid data for vital
status because the vital status of every single patient was con�rmed by linking to the authoritative
website of the Ministry of Health and Welfare of Taiwan. The study has several limitations: (1) it is a
single institutional study, which may not be generalizable to other institutions; (2) there was no external
validation; (3) the number of BCLC stage B cases in the validation cohort was small (n = 23), and,
therefore, we did not analyze whether the TBS could be used to stratify the prognosis of the cohort in this
stage; (4) the HCC registry data did not include pathological data, e.g., for vascular invasion and satellite
tumors, which are well-known factors of poor prognosis of HCC patients [27, 28], as well as information
on comorbidities (e.g., ASA classi�cation), performance status, and details of liver function, which are
associated with the prognosis of HCC patients [2, 3].

Conclusion
The radiographic TBS could be used to stratify the OS of the entire cohort of and BCLC stage A and B
HCC patients who underwent LR. This information may be useful in preoperative prognostic prediction.
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Table 1
Characteristics of the derivation cohort.

  Total, n = 
749

BCLC 0, n = 
138

BCLC A, n = 
542

BCLC B, n = 
69

p

Age (yr)         0.004

≦ 65 495 (66.1%) 103 (74.6%) 309 (62.5%) 53 (76.8%)  

> 65 254 (33.9%) 35 (25.4%) 203 (37.5%) 16 (23.2%)  

Sex         0.187

Male 576 (76.9%) 103 (74.6%) 414 (76.4%) 59 (85.5%)  

Female 173 (23.1%) 35 (25.4%) 128 (23.6%) 10 (14.5%)  

Cirrhosis         < 0.001

Yes 290 (38.7%) 72 (52.2%) 201 (37.1%) 17 (24.6%)  

No 422 (56.3%) 65 (47.1%) 307 (56.6%) 50 (72.5%)  

Unknown 37 (4.9%) 1 (0.7%) 34 (6.3%) 2 (2.9%)  

HBs Ag         0.093

Positive 394 (52.6%) 80 (58.0%) 272 (50.2%) 42 (60.9%)  

Negative 355 (47.4%) 58 (42.0%) 270 (49.8%) 27 (39.1%)  

Anti-HCV         0.120

Positive 252 (33.6%) 55 (39.9%) 179 (33.0%) 18 (26.1%)  

Negative 497 (66.4%) 83 (60.1%) 363 (67.0%) 51 (73.9%)  

AFP (ng/ml)         < 0.001

≦ 400 629 (84.0%) 123 (89.1%) 142 (85.2%) 44 (63.8%)  

> 400 120 (16.0%) 15 (10.9%) 80 (14.8%) 25 (36.2%)  

Child Pugh class         0.323

A 737 (98.4%) 138 (100%) 532 (98.2%) 67 (97.1%)  

B 11 (1.5%) 0 9 (1.7%) 2 (2.9%)  

Unknown 0 0 1 (0.2%) 0  

Type of resection         < 0.001

Major 352 (47.0%) 38 (27.5%) 260 (48.0%) 54 (78.3%)  

BCLC, Barcelona Clinic Liver Cancer; HBsAg, hepatitis B virus surface antigen; HCV, hepatitis C virus;
AFP, α-fetoprotein;
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  Total, n = 
749

BCLC 0, n = 
138

BCLC A, n = 
542

BCLC B, n = 
69

p

Minor 309 (53.0%) 100 (72.5%) 282 (52.0%) 15 (21.7%)  

Tumor
differentiation

        0.847

Poor 29 (3.9%) 4 (2.9%) 22 (4.1%) 3 (4.3%)  

Moderate 658 (87.9%) 119 (86.2%) 478 (88.2%) 61 (88.4%)  

Well 56 (7.5%) 13 (9.4%) 22 (4.1%) 5 (7.2%)  

Necrosis 5 (0.7%) 2 (1.4%) 3 (0.6%) 0  

Pathology T stage         < 0.001

1–2 686 (91.6%) 135 (97.8%) 516 (95.2%) 35 (50.7%)  

3–4 63 (8.4%) 3 (2.2%) 26 (4.8%) 34 (49.3%)  

Tumor burden score         < 0.001

Low < 2.6 196 (26.2%) 138 (100%) 58 (10.7%) 0  

Medium:2.6–7.9 477 (63.7%) 0 434 (80.1%) 43(62.3%)  

High > 7.9 76 (10.1%) 0 50 (9.2%) 26 (37.7%)  

BCLC, Barcelona Clinic Liver Cancer; HBsAg, hepatitis B virus surface antigen; HCV, hepatitis C virus;
AFP, α-fetoprotein;
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Table 2
Multivariate Cox regression analysis of overall survival in Barcelona Clinic Liver Cancer

(BCLC) stages A and B.

  BCLC stage A   BCLC stage B  

  HR (95%CI) p HR (95%CI) p

Age (yr)        

≦ 65 1.00 (reference)   1.00 (reference)  

> 65 2.195 (1.461–3.298) < 0.001 3.269 (1.297–8.237) 0.012

Cirrhosis        

No 1.00 (reference)   1.00 (reference)  

Yes 1.978 (1.309–2.988) 0.001 1.258(0.496–3.190) 0.629

AFP (ng/ml)        

≦ 400 1.00 (reference)   1.00 (reference)  

> 400 1.364 (0.833–2.233) 0.217 2.938(1.138–7.589) 0.026

Tumor burden score        

Low 1.00 (reference)      

Medium 2.390 (1.024–5.581) 0.04 1.00 (reference)  

High 3.885(1.443–10.456) 0.007 2.542 (1.077–6.002) 0.033

Tumor differentiation        

Well or moderate 1.00 (reference)   1.00 (reference)  

Poor 2.196(0.936–5.152) 0.07 2.062 (0.512–8.309) 0.309

BCLC, Barcelona Clinic Liver Cancer; AFP, α-fetoprotein;
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Table 3
Characteristics of the validation cohort.

  Total, n = 
275

BCLC 0, n = 
56

BCLC A, n = 
196

BCLC B, n = 
23

p

Age (yr)         0.544

≦ 65 190 (69.1%) 42 (75%) 133 (67.9%) 15 (65.2%)  

> 65 85 (30.9%) 14 (25%) 63 (32.1%) 8 (34.8%)  

Sex         0.201

Male 207 (75.3%) 37 (66.1%) 152 (77.6%) 18 (78.3%)  

Female 68 (24.7%) 19 (33.9%) 44 (22.4%) 5 (21.7%)  

Type of resection         < 0.001

Major 155 (56.4%) 19 (33.9%) 115 (58.7%) 21 (91.3%)  

Minor 120 (43.6%) 37 (66.1%) 81 (41.3%) 2 (8.7%)  

Tumor
differentiation

        0.039

Poor 14 (5.1%) 0 13 (6.6%) 1 (4.3%)  

Moderate 210 (73.4%) 39 (69.6%) 151 (77.0%) 20 (87.0%)  

Well 40 (14.5%) 15 (26.8%) 24 (12.2%) 1 (4.3%)  

Necrosis 11 (4%) 2 8 (4.1%) 1 (4.3%)  

Pathology T stage         < 0.001

1–2 245 (89.1%) 53 (94.6%) 177 (90.3%) 15 (65.2%)  

3–4 30 (10.9%) 3 (5.4%) 19 (9.7%) 8 (34.8%)  

Tumor burden score         < 0.001

Low (< 2.6) 72 (26.2%) 56 (100%) 16 (8.2%)    

Medium (2.6–7.9) 163 (59.3%) 0 150 (76.5%) 13 (56.5%)  

High (> 7.9) 40 (14.5%) 0 30 (15.3%) 10 (43.5%)  

BCLC, Barcelona Clinic Liver Cancer;
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Table 4
Characteristics of 180 randomly selected patients for determining the correlation between radiographic

and pathological tumor numbers and sizes.
Variables  

Age (yr) 64(56–70)

Male sex 135 (75%)

Cirrhosis  

Yes 55(30.6%)

No 110(61.1%)

Unknown 15(8.3%)

HBs Ag  

Positive 96(53.3%)

Negative 84(46.7%)

Anti-HCV  

Positive 52(28.9%)

Negative 128(71.1%)

AFP (ng/ml)  

≦ 400 161(89.4%)

> 400 19(10.6%)

BCLC stage  

0 39(21.7%)

A 129(71.7%)

B 12(6.7%)

Type of resection  

Major 77(42.8%)

Minor 103(57.2%)

Tumor differentiation  

Poor 15(8.3%)

Data were presented as number (%) or median (IQR); BCLC, Barcelona Clinic Liver Cancer; HBsAg,
hepatitis B virus surface antigen; HCV, hepatitis C virus; AFP, α-fetoprotein;
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Figures

Variables  

Moderate 157(87.2%)

Well 7(3.9%)

Necrosis 1(0.6%)

Pathology T stage  

1–2 169(93.9%)

3–4 11(6.1%)

Radiographic tumor number  

1 161(89.4%)

≧ 2 19(10.6%)

Pathology tumor number  

1 160(88.9%)

≧ 2 20(11.1%)

Radiographic tumor size (mm) 29(22–50)

pPathology tumor size (mm) 28.5(21–50)

Data were presented as number (%) or median (IQR); BCLC, Barcelona Clinic Liver Cancer; HBsAg,
hepatitis B virus surface antigen; HCV, hepatitis C virus; AFP, α-fetoprotein;
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Figure 1

Cutoff values of the tumor burden score (TBS) for overall survival were determined with X-tile, a
bioinformatics tool created by Camp et al. (A) Data represented graphically in a right-triangular grid in
which each pixel represents the data from a given set of divisions. The vertical axis represents all
possible “high” populations with their size increasing from top to bottom. Similarly, the horizontal axis
represents all possible “low” populations with their size increasing from left to right. (B) The number of
patients in each group for a given set of divisions.
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Figure 2

Kaplan–Meier survival curves for overall survival of the derivation cohort by tumor burden score (TBS). 
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Figure 3

Kaplan–Meier survival curves by tumor burden score (TBS) for Barcelona Clinic Liver Cancer (BCLC)
stages A and B. Overall survival of patients with (a) BCLC stage A hepatocellular carcinoma (HCC) and
(b) BCLC stage B HCC.
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Figure 4

Kaplan–Meier survival curves by tumor burden score (TBS) for the validation cohort. Overall survival of
(a) the entire cohort and (b) the Barcelona Clinic Liver Cancer (BCLC) stage A subgroup.


