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Background: At present, there are still disputes on the treatment of surgery for patients with stage B
hepatocellular carcinoma (HCC). This study sought to investigate whether the up-to-7 criterion could be
used to decide the treatment for HCC in Barcelona Clinic Liver Cancer stage B (BCLC-B).

Methods: We analyzed 340 patients with HCC in BCLC-B who treated with hepatectomy or transcatheter
arterial chemoembolization (TACE). Of the 285 HCC patients who underwent hepatectomy, 108 met the
up-to-7 criterion and 177 exceeded it. All 55 patients in the TACE group met the up-to-7 criterion. We
obtained the tumor status of the patients through inpatient medical records, outpatient medical records, and
telephone follow-up of the hospital. We compared overall survival (OS) and progression-free survival (PFS)
were compared between patients who met the up-to-7 criterion and who underwent either hepatectomy
or TACE. OS and recurrence time were also compared between the patients who were treated with
hepatectomy and who either met or exceeded the up-to-7 criterion. Across BCLC-B patients, we compared
the OS of patients after surgical treatment between subgroups stratified by tumor number and diameter.
Results: Patients who met the up-to-7 criterion had significantly higher OS rates after hepatectomy than
TACE (P<0.001). However, the 2 groups did not differ in terms of PFS (P=0.758). Among the patients
treated by hepatectomy, the OS rates were significantly higher in patients who met the up-to-7 criterion
than in those who exceeded it (P=0.001). The recurrence rates did not differ between patients who met or
exceeded the criterion (P=0.662). OS was significantly higher in patients with <3 tumors than those with >3
tumors (P=0.001). When we stratified patients with <3 tumors based in whether they met or exceeded the
up-to-8 to up-to-15 criterion, OS was significantly better among those who met the criterion in all cases.
Conclusions: Hepatectomy appears to be associated with better survival than TACE in patients with
BCLC-B HCC who meet the up-to-7 criterion, but this criterion is not a strict indication for deciding
whether to treat patients with BCLC-B surgically. Tumor number strongly affects the prognosis of BCLC-B
patients after hepatectomy.
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Introduction

Hepatocellular carcinoma (HCC) is the third-leading cause
of death from solid tumors worldwide (1). The Barcelona
Clinic Liver Cancer (BCLC) system recommends surgery
for patients in stages 0 and A, and transcatheter arterial
chemoembolization (TACE) or systemic treatment
for patients in the intermediate and late stages (2,3).
Hepatectomy is recommended for patients who meet
the Milan criterion (i.e., those with a single tumor with a
diameter <5 cm, of those with <3 tumors that each have
a maximum diameter <3 cm), and can improve patient
survival (4,5). However, due to the strictness of the Milan
criterion, some clinicians have proposed an alternative
up-to-7 criterion (6). Under the up-to-7 criterion, HCC
can be treated by hepatectomy if the sum of the number
of tumors and the maximum tumor diameter (cm) is 7
or below. At present, it is considered that the factors
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influence survival in the surgical treatment of HCC are:
tumor size, tumor number, tumor site, tumor envelope
integrity, microvascular invasion (MVI) (7-12). Up-to-
seven criterion is established based on the number of
tumors and tumor diameter. Patients who meet the up-to-
seven criterion have fewer tumor numbers, smaller tumor
diameters, and are relatively early in the clinical stage, so it
is speculated that surgical treatment in these patients may
be more effective than TACE. However, studies have made
conflicting recommendations about whether patients with
Barcelona Clinic Liver Cancer stage B (BCLC-B) disease
who meet the up-to-7 criterion should undergo TACE
or hepatectomy. European study (13) has recommended
TACE for patients with BCLC-B HCC who met the up-
to-7 criterion, while Japanese study (14) has recommended
hepatectomy for such patients. Thus, the recommended
treatment for such patients is unclear. In stage B disease,
liver function and tumor load vary greatly among patients
and the effect of TACE treatment is highly variable.
Notably, in patients with stage B disease who exceed the up-
to-7 criterion, TACE may harm liver reserve function and
thus worsen their prognosis (15).

In this study, we retrospectively compared the efficacy of
surgical treatment or TACE among patients whose HCC
was in BCLC-B and who met the up-to-7 criterion. We
also compared the post-surgical outcomes between patients
who met or exceeded the up-to-7 criterion. As the criterion
takes into account the number and diameter of tumors,
we compared the relative effects of these 2 parameters on
post-surgical outcomes. We present the following article in
accordance with the STROBE reporting checklist (available
at https://jgo.amegroups.com/article/view/10.21037/jgo-
23-69/rc).

Methods
Patients

The clinical records of 340 patients with HCC in BCLC-B
who treated with hepatectomy or TACE at the Department
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of Hepatobiliary, Pancreatic and Splenic Surgery at Guangxi
Medical University Cancer Hospital between November
2013-October 2019 were retrospectively collected, and the
number of patients determined the sample size.

Patients were enrolled in this study if they underwent
a first-time radical hepatectomy or TACE for HCC, if
their HCC was diagnosed histologically or by imaging
techniques [magnetic resonance imaging and/or triphasic
computed tomography (CT)] according to the available
European Association for the Study of the Liver (EASL)
guidelines version, and if their recorded clinical data
were complete. Patients were excluded from this study if
they underwent preoperative transhepatic artery catheter
chemoembolization, radiotherapy, or chemotherapy, if they
died perioperatively, if their HCC recurred or required
re-operation, and if their clinical data were otherwise
incomplete.

The study was approved by board of Ethics Committee
of Guangxi Medical University Cancer Hospital (No.
LW2022030) and informed consent was taken from all the
patients. The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013).

Treatments

The surgical patients underwent radical hepatectomy,
depending on the tumor size and location. Whenever
feasible, anatomic resections were preferred. The TACE
patients underwent transhepatic arterial chemoembolization
via femoral artery puncture.

Data collection

We retrospectively extracted the following data from
the patients’ medical records: age, sex, alpha-fetoprotein
(AFP), prothrombin time, total bilirubin, albumin, alanine
transaminase (ALT), aspartate aminotransferase (AST), the
number of tumors, tumor location, the integrity of tumor
envelope, hepatitis B surface antigen (HBsAg), the presence
or absence of cirrhosis, and MVI.

OS and PFS were compared between patients who
met the up-to-7 criterion and who underwent either
hepatectomy or TACE. OS and recurrence time were
also compared between the patients who were treated
with hepatectomy and who either met or exceeded the
up-to-7 criterion. To evaluate whether the up-to-seven
criteria can be used as an indication for choosing surgery
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in patients with BCLC-B HCC, we extended the range
of the sum of the number of tumors and the maximum
diameter of the tumor, i.e., up-to-8, up-to-9, up-to-10, up-
to-12, etc., to investigate the survival prognosis of patients
with BCLC-B HCC who underwent surgery within the
range of our hypothesized criterion. Based on the up-to-
seven criterion, which was established by two dimensions
of tumor numbers and maximum tumor diameter, we
performed a further extension to investigate whether tumor
numbers and tumor diameter affect the survival prognosis
of patients undergoing surgery in BCLC-B. Univariate and
multivariate COX risk regression analyses were applied to
assess independent risk factors affecting overall survival in
patients meeting up-to-seven criteria, and independent risk
factors for overall survival in patients undergoing BCLC-B
surgery were also assessed.

Follow-up

The outcomes of interest were overall survival (OS),
progression-free survival (PFS) and recurrence time. OS
was defined as the interval from the patient’s first surgery
until death or last follow-up. PFS was defined as the interval
from the patient’s first surgery until tumor progression or
last follow-up. Recurrence time was defined as the interval
from first surgery until tumor progression or last follow-
up. In all cases, censored data were obtained for those lost
to follow-up. The last follow-up date in this study was
October 31, 2022.

In this study, the post-surgical follow-up was conducted
by extracting the relevant data from the inpatient medical
records, outpatient medical records and by contacting the
patients or their families by telephone.

Statistical analysis

The data were analyzed using SPSS 25.0 (IBM, Chicago,
IL, USA). A 2-sided P value <0.05 was considered
statistically significant. The inter-group differences in the
clinicodemographic data were assessed for significance using
the chi-squared test. The overall survival, progression-
free survival and recurrence rates were calculated using
the Kaplan-Meier method, and the inter-group differences
were assessed using the log rank test. The risk factors for
mortality were identified by a Univariate Cox regression,
and the factors with P values <0.05 in that analysis were
further explored in the multivariate Cox regression analysis.
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Results

A total of 340 patients with BCLC-B HCC were enrolled
in this study after screening according to the inclusion and
exclusion criterion. Among the patients, 285 underwent
hepatectomy only and 55 underwent TACE only. Of the
285 HCC patients who underwent hepatectomy, 108 met
the “up-to-7 criterion” and 177 exceeded the up-to-7
criterion. All the patients in the TACE group met the “up-
to-7 criterion”.

Comparison of outcomes after bepatectomy or TACE in
patients who met the up-to-7 criterion

Among the patients who met the up-to-7 criterion, those
who underwent hepatectomy or TACE differed significantly
in terms of albumin, total bilirubin, the number of tumors,
and the tumor site (Table 1).

The study was followed up until October 2022, the
median OS of the TACE group was 31.0 months, and
the median OS of the hepatectomy group was prolonged
compared to that of the TACE group, the median OS was
approximately 95.0 months until the last follow-up. The OS
rates were significantly higher in the hepatectomy group than
the TACE group at 1 year (92.6% vs. 75.2%), 2 years (82.0%
vs. 61.6%), and 3 years (73.8% vs. 42.8%) (P<0.05) (Figure I).

The median PFS of the TACE group was
45.0 months and that of the hepatectomy group was
50.0 months, but the difference between the 2 groups was
not significant. Similarly, the PFS rates tended to be higher
in the hepatectomy group than the TACE group at 1 year
(80.1% wvs. 85.7%), 2 years (71.8% vs. 68.4%), and 3 years
(62.7% wvs. 50.3%), but the differences were not significant
(P>0.05) (Figure 2).

The Univariate Cox regression analysis revealed that
the following variables were significantly related to OS:
albumin, hepatitis B, prothrombin time, and tumor site.
The multivariate Cox regression analysis of these variables
identified albumin, prothrombin time, and tumor site as
independent risk factors for mortality (7able 2).

Comparison of post-bepatectomy outcomes between patients
who met or exceeded the up-to-7 criterion

Among the patients who underwent hepatectomy, those who
met the up-to-7 criterion differed significantly to those who
exceeded it in terms of AFP, intraoperative bleeding, MVI,
the number of tumors, and the integrity of tumor envelope
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(Table 3).

The study was followed up until October 2022, in terms
of the median OS, the median OS of the exceeded the up-
to-7 criterion was 45.0 months, and the median OS of
the met up-to-7 criterion group was prolonged compared
to that of the exceeded the up-to-7 criterion group, the
median OS was approximately 95.0 months until the last
follow-up. The patients who met the up-to-7 criterion had
significantly higher OS rates at 1 year (92.6% vs. 81.3%),
2 years (82.0% vs. 68.8%), and 3 years (73.8% vs. 57.9%)
(P<0.05) (Figure 3).

Recurrence did not differ significantly between the
patients who met or exceeded the criterion, both in terms
of the median time to recurrence (45.0 vs. 37.0 months) and
in terms of the recurrence rates at 1 year (19.9% vs. 26.4%),
2 years (28.2% vs. 37.7%), or 3 years (37.3% wvs. 49.5%)
(P>0.05) (Figure 4).

The Univariate Cox regression analysis showed that
AST, chronic infection with hepatitis B virus, the number of
tumors, intraoperative bleeding, and MVI were significantly
related to OS. The multivariate Cox regression analysis
of these factors identified AST, the number of tumors,
intraoperative bleeding and MVT as independent risk factors
of mortality (Table 4).

Relative influence of the tumor number and size on
survival after bepatectomy

As the up-to-7 criterion takes into account both tumor
number and size, we examined the relative influence of
each of these 2 factors on the post-surgery survival of the
patients. OS was significantly better in patients with <3
tumors than those with >3 tumors in terms of both median
OS (91.0 vs. 34.0 months) or OS rates at 1 year (87.9% vs.
74.5%), 2 years (76.2% vs. 62.1%), and 3 years (67.1% uvs.
47.7%) (P<0.05). Conversely, OS did not differ significantly
between patients with <4 or >4 tumors (P>0.05) (Figure 5).

To investigate the influence of tumor size on OS, we
extended the tumor size in the patients with <3 tumors
and stratified them based on whether the sum of the
tumor number and the largest tumor diameter satisfied the
criterion from “up-to-8” to “up-to-15”. In all cases, OS was
significantly higher among patients who met the criterion
than among those who exceeded it (P<0.05) (Figure 6).

Discussion

Our findings suggest that if HCC patient in BCLC-B meets
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Table 1 Baseline comparison of the patients who met the up-to-7 criterion, stratified by treatment

Characteristic Hepatectomy group (n=108) TACE group (n=55) P value

Age (years) 0.183
>50 61 37
<50 47 18

Sex 0.761
Male 96 48
Female 12 7

Albumin (g/L) <0.001
>35 92 33
<35 16 22

ALT (U/L) 0.569
>40 46 26
<40 62 29

AST (U/L) 0.152
>40 54 34
<40 54 21

AFP (ng/mL) 0.084
>400 40 13
<400 68 42

Cirrhosis 0.966
-) 14 7
(+) 94 48

HBsAg 0.591
+) 99 49
©) 9 6

Number of tumors 0.005
>3 4 9
<3 104 46

Prothrombin time (s) 0.061
>13 50 34
<13 58 21

Total bilirubin (umol/L) 0.003
>20 14 18
<20 94 37

Tumor site 0.007
Single lobe of liver 71 24
Both lobes of liver 37 31

AFP, alpha-fetoprotein; ALT, alanine transaminase; AST, aspartate aminotransferase; TACE, transcatheter arterial chemoembolization.
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Figure 1 Comparison of the overall survival rates between patients
who met the up-to-7 criterion who were treated by hepatectomy
or TACE. TACE, transcatheter arterial chemoembolization.
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chemoembolization.

773

the up-to-7 criterion, that patient is likely to benefit more
from hepatectomy than TACE, and that if a patient exceeds
the up-to-7 criterion, surgery should not automatically be
excluded, especially if that patient is chronically infected
with the hepatitis B virus. Among patients with stage B
disease, the tumor number appears to influence the post-
surgery prognosis much more than the tumor size.

The BCLC system, which is widely accepted for
HCC staging and the treatment selection (16), does not
recommend hepatectomy for stage B disease patients.
However, several studies have suggested that potentially
curative treatments, such as resection, can be safe and
effective for stage B disease patients (17-19). However, the
use of TACE in BCLC-B patients has been questioned in
recent years (20). The BCLC system was developed based
on an analysis of patients in which HCC was predominantly
related to chronic infection with the hepatitis C virus.
In China, HCC is predominantly related to chronic
infection with the hepatitis B virus, and often co-occurs
with cirrhosis. A previous study showed that many patients
with stage B disease who meet the up-to-7 criterion are
treated with hepatectomy, which may lead to surprising
improvements in OS (17).

The difficulty of hepatectomy depends on several factors,
including the tumor numbers, size, and location (21);
however, our results suggest that the number of tumors is
the main factor affecting the post-hepatectomy survival of
HCC patients in BCLC-B. Similarly, a previous study of
patients with HCC who underwent surgery showed that
the number of tumors was significantly associated with the

Table 2 Univariate and multivariate Cox regression analysis of overall survival in patients who met the up-to-7 criterion

Univariate analysis

Multivariate analysis

Variable
HR (95% Cl) P value HR (95% Cl) P value

AFP (ng/mL) 1.103 (0.666-1.828) 0.703

Albumin (g/L) 2.174 (1.282-3.687) 0.004 2.147 (1.263-3.649) 0.005
ALT (U/L) 0.851 (0.523-1.385) 0.517

AST (U/L) 1.293 (0.797-2.097) 0.299

Cirrhosis 2.615 (0.951-7.188) 0.062

HBsAg 0.457 (0.225-0.928) 0.030 0.547 (0.264-1.332) 0.104
Number of tumors 1.767 (0.806-3.874) 0.155

Prothrombin time (s) 1.780 (1.084-2.923) 0.023 1.708 (1.026-2.842) 0.039
Sex 0.706 (0.305-1.633) 0.416

Total bilirubin (umol/L) 1.232 (0.681-2.227) 0.490

Tumor site 1.664 (1.030-2.688) 0.037 1.640 (1.014-2.652) 0.044

AFP, alpha-fetoprotein; ALT, alanine transaminase; AST, aspartate aminotransferase; Cl, confidence interval; HR, hazard ratio.
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Table 3 Baseline comparison of the patients who underwent hepatectomy, stratified by the up-to-7 criterion

Characteristic Met criterion (n=108) Exceeded criterion (n=177) P value

Age (years) 0.116
>50 61 83
<50 a7 94

Sex 0.847
Male 96 156
Female 12 21

Albumin (g/L) 0.164
>35 92 139
<35 16 38

ALT(U/L) 0.807
>40 46 78
<40 62 99

AST(U/L) 0.058
>40 54 107
<40 54 70

AFP (ng/mL) 0.008
>400 40 94
<400 68 83

Cirrhosis 0.593
-) 14 27
(+) 94 150

HBsAg 0.143
+) 99 152
-) 9 25

Intraoperative bleeding (mL) 0.042
>500 19 50
<500 89 127

MVI 0.008
) 67 81
(+) 4 96

Number of tumors <0.001
>3 4 44
<3 104 133

Table 3 (continued)
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Table 3 (continued)
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Characteristic Met criterion (n=108) Exceeded criterion (n=177) P value
Prothrombin time (s) 0.073
>13 50 63
<13 58 114
Total bilirubin (umol/L) 0.366
>20 14 30
<20 94 147
Tumor envelope 0.036
Complete 84 117
Incomplete 24 60
Tumor site 0.819
Single lobes of the liver 71 114
Both lobes of the liver 37 63

Values are n, unless otherwise noted. AFP, alpha-fetoprotein; ALT, alanine transaminase; AST, aspartate aminotransferase; MVI,

microvascular invasion.
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Figure 3 Comparison of the overall survival rates between patients
who underwent hepatectomy and who either met or exceeded the

up-to-7 criterion.

prognosis of patients with HCC, the 5-year survival rate of
BCLC-B patients with 2 or 3 tumors is 52.3%, while the
S-year postoperative survival rate is only 29.0% in patients
with more than 4 tumors (22). As the number of tumors
increases, the risk of intrahepatic metastasis increases, which
can reduce treatment efficacy. Based on a consideration of
our present findings, it appears that patients with stage B
disease who have <3 tumors may achieve better survival
after surgery than the patients who have >3 tumors.

In the analysis of the factors affecting survival prognosis,

© Journal of Gastrointestinal Oncology. All rights reserved.
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Figure 4 Comparison of the recurrence rates between patients
who underwent hepatectomy and who either met or exceeded the

up-to-7 criterion.

the tumor site was a risk factor affecting the prognosis
of the patients who met the up-to-7 criterion, those who
underwent hepatectomy or TACE. As the growth site of
the tumor varies, the recurrence rate is relatively high if the
tumor is not in the same liver lobe, the choice of surgery
(e.g., hemi-hepatectomy, hepatic segmentectomy, and
local resection of tumor) varies, and the choice of surgery
will have a different effect on the prognosis of patients.
The number of tumors and MVI were independent risk
factors for postoperative survival in the surgical group of
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Table 4 Univariate and multivariate Cox regression analysis of overall survival in BCLC-B patients treated by hepatectomy

Univariate analysis

Multivariate analysis

Variable
HR (95% ClI) P value HR (95% Cl) P value

AFP (ng/mL) 1.276 (0.888-1.835) 0.188

Albumin (g/L) 1.159 (0.733-1.833) 0.527

ALT (U/L) 1.274 (0.887-1.831) 0.190

AST (U/L) 1.772 (1.212-2.591) 0.003 1.492 (1.006-2.212) 0.047
Cirrhosis 1.565 (0.861-2.844) 0.142

HBsAg 0.577 (0.352-0.943) 0.028 0.632 (0.385-1.040) 0.071
Number of tumors 1.989 (1.289-3.068) 0.002 1.832 (1.181-2.844) 0.007
Prothrombin time (s) 1.042 (0.719-1.510) 0.830

Sex 0.841 (0.472-1.497) 0.555

Total bilirubin (umol/L) 1.092 (0.668-1.786) 0.725

Intraoperative bleeding (mL) 1.945 (1.312-2.881) 0.001 1.666 (1.110-2.502) 0.014
Tumor site 1.077 (0.740-1.569) 0.698

MVI 1.942 (1.345-2.802) <0.001 1.799 (1.242-2.606) 0.002
Tumor envelope 0.876 (0.592-1.298) 0.510

AFP, alpha-fetoprotein; ALT, alanine transaminase; AST, aspartate aminotransferase; Cl, confidence interval; HR, hazard ratio; MVI,

microvascular invasion.
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Figure 5 Comparison of the overall survival in patients who underwent hepatectomy, stratified by number of tumors.

the patients who met or exceeded the up-to-7 criterion.
The number of tumors is one of the most important factors
affecting patient prognosis. A previous study showed that
the recurrence rate after surgery in patients with >3 tumors
was significantly higher than that in patients with 2 to 3
tumors or a single large tumor (23). Another study reported
a higher risk of postoperative recurrence in patients with
HCC with >4 tumors (24). MVI is a major predictor of

HCC prognosis and is associated with a more advanced

© Journal of Gastrointestinal Oncology. All rights reserved.

tumor stage, disease progression, local invasion, and distant
metastasis, MVI also increases the risk of postoperative
recurrence and metastasis in patients with HCC
(25-27), and MVI has significant clinical value for prognosis
evaluations in HCC (28).

Initial treatment has a great impact on the long-term
survival of patients with liver cancer. This paper mainly
compares and evaluates the efficacy of BCLC-B patients
with up-to-seven criterion from the perspective of surgery
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Figure 6 Comparison of the overall survival between patients with <3 tumors who underwent hepatectomy and who either met or exceeded

the indicated “up-to” criterion.

and TACE, so we use OS as the main evaluation standard.
However, due to the high recurrence rate of BCLC-B
patients after surgical resection, the reason of recurrence is
related to the theory of intrahepatic diffusion or multicenter
recurrence of the tumor, and there are various options for
the treatment of tumor recurrence, which will affect the
survival of patients, so we believe that OS should be used as
an important criterion for the efficacy evaluation of cancer
patients.

From our existing data, all patients who met up-to-seven
criterion in BCLC-B underwent hepatectomy was superior
to TACE. From the point of view of exceeding the up-to-
seven criterion, the recurrence rate was higher than that
of met up-to-seven criterion group, which suggests that
the risk of recurrence was relatively high. If the tumor was
not located in the same liver lobe, the recurrence rate was
relatively high. Based on the progress of targeted therapy
and immunotherapy, for the patients who exceeded up-to-
seven criterion, we tend to perform neoadjuvant TACE,
targeted therapy, or immunotherapy first, and then perform
surgical resection after the tumor is appropriately reduced,
which may improve the prognosis of the patient. Because it
is very difficult to judge MVI before surgery, it can only be
detected by postoperative pathology. If patients who meet

© Journal of Gastrointestinal Oncology. All rights reserved.

the up-to-seven criterion confirm the existence of MVI
after surgery, we recommend adjuvant TACE treatment
after surgery.

Conclusions

In summary, despite the small sample size of our
retrospective analysis, our findings suggest that surgery may
be the best primary treatment for patients with BCLC-B
HCC who meet up-to-7 criterion, but this criterion should
not serve as a deciding factor in determining whether to
treat patients with BCLC-B surgically. Indeed, the criterion
may not be suitable as an indication for surgery in HCC
patients with the chronic hepatitis B virus. Based on the
up-to-7 criterion, which was developed based on the 2
dimensions of tumor number and tumor size, for HCC
patients with BCLC-B, tumor size is not a decisive factor
for surgical treatment, but the number of tumors has a
significant effect on the prognosis of patients who have
undergone surgery. Patients with multiple tumors may
also first consider Radiofrequency Ablation (RFA), TACE,
immune, targeted, and other therapeutic modalities for
translational therapy to obtain the opportunity of surgical
treatment. To further validate our findings, more clinical
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data should continue to be accumulated and large-sample,
multicenter studies should be conducted to support the
conclusions drawn.
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