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Abstract

Background: Vascular invasion, rather than tumor size, was applied into the 7th edi-
tion of the AJCC TNM staging system to predict survival of solitary hepatocellular
carcinoma (HCC) patients. However, does this mean tumor size is of little value in
prognostic prediction? The current study was designed to explore the prognostic
ability of tumor sizes in solitary HCC.

Methods: A total of 18 591 patients with solitary HCC categorized as T1 and T2
were retrieved from the Surveillance Epidemiology and End Results (SEER) data-
base. The Cox proportional hazards regression model was adopted to evaluate the
impact of tumor sizes on overall survival (OS) and disease-specific survival (DSS) in
general and in subgroups stratified by vascular invasion and surgery type.

Results: Large tumor sizes (>39 mm) were associated with unfavorable clinico-
pathologic characteristics. Compared with tumors <30 mm, tumors between
31-50 mm and tumors >50 mm showed significantly worse OS and DSS in general
using multivariate analysis (all P < 0.001). In subgroup analyses, for patients with-
out vascular invasion, tumor size was a notable prognostic indicator for OS in the
radiofrequency ablation group (P < 0.001), rather than in the liver resection or trans-
plantation group. Nevertheless, for patients with vascular invasion, tumor sizes ex-
hibited a notable impact on OS in the liver resection and transplantation group.
Conclusions: The AJCC TNM staging system for solitary HCC would be more com-

prehensive if tumor sizes were integrated into the T2 classification. Additionally, for
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T1 patients, tumor sizes play no role in the choice between resection and
transplantation.
KEYWORDS
liver resection, liver transplantation, prognosis, radiofrequency ablation, solitary hepatocellular
carcinoma, tumor sizes
1 | INTRODUCTION 2 | MATERIALS AND METHODS
2.1 | Ethics statement

As the second largest contributor to cancer-related mortal-
ity, hepatocellular carcinoma (HCC) ranked sixth among
the most commonly occurring cancers in the world." In the
United States, the age-adjusted incidence of HCC was at
least 6/100 000 in 2010, and its morbidity has continued
rising 1recently.3 With increased surveillance of high-risk
populations, the proportion of early-staged HCC has in-
creased dramatically in recent years.“’5 Radiofrequency ab-
lation (RFA), liver resection (LR), and liver transplantation
(LT) are three major treatments for HCC.? The selection
of therapy had profound effects on HCC prognosis, which
therefore should be made after comprehensive and careful
consideration.

There are several staging systems applied in HCC,
among which the Barcelona Clinic Liver Cancer (BCLC)
classification and American Joint Committee on Cancer
(AJCC) tumor-node-metastasis (TNM) staging systems
are most widely recognized. Numerous factors have been
identified as prognostic indicators and are incorporated
into various staging systems. These factors include lesion
numbers,6 vascular invasion,7'9 portal hypertension,m’11
regional lymph node metastases,'>'* distant metastases,
laboratory examination indicators such as serum albu-
min'>" 1516 and so on. Tumor size has been
included in several staging systems, such as the Liver
Cancer Study Group of Japan TNM staging system'® and
the Hong Kong staging system.19 However, it has been
partially removed from the 6th and 7th editions of the
AJCC TNM staging system because of its controversial
prognostic ability in HCC.®

In the 7th edition of the AJCC TNM staging system,
50 mm was the cut-off point in dividing multiple lesions
HCC into T2 (none larger than 50 mm) and T3 (at least
one >50 mm) classifications. However, in terms of soli-
tary HCC, tumor size was not included in T classification.
Instead, vascular invasion was used to divide HCC with
solitary tumor into T1 (no vascular invasion) and T2 (with
vascular invasion) classifications. With data retrieved from
the Surveillance Epidemiology and End Results (SEER) da-
tabase, this study aims to explore the prognostic ability of
tumor sizes for HCC with solitary tumor stratified by vascu-
lar invasion and surgery type.

and bilirubin,

This study was deemed exempt from institutional review
board approval by The First Affiliated Hospital of Sun Yat-
sen University, thus informed consent was waived. The study
was conducted in accordance with the ethical standards of the
World Medical Association’s Declaration of Helsinki.

2.2 | Database and patient selection

The SEER database (https://seer.cancer.gov/data/) consists
of 18 population-based cancer registries in the United States
and it represents approximately 16% of the whole population.
As the largest publicly available cancer dataset worldwide,
SEER research data contains demographic information and
several clinicopathologic characteristics.

Pathologically diagnosed HCC (ICD-O-3 site code:
C22.0, ICD-0O-3 histologic type: 8170-8175) from 1973 to
2013 was extracted from the SEER database. There were
83,565 cases in total. Among them, only those with known
tumor sizes were included (N =41 144). After that, patients
with single lesions, known status of vascular invasion, and
T1 or T2 classifications (AJCC 6th) were further selected
into the study population (N = 19 819). Finally, subjects with
missing data for M classification (AJCC 6th, N = 517) and
N classification (AJCC 6th, N = 657) were excluded, leaving
18,591 HCC patients enrolled as the final study population.
Detailed inclusion and exclusion criteria are described in
Figure 1.

2.3 | Statistical analyses

Statistical analyses were all performed with SPSS for Windows
V.13.0. (SPSS Inc, Chicago, IL, USA). Comparisons of char-
acteristics between groups were conducted by chi-square test
or Kruskal-Wallis H test. The latter was used for ordinal var-
iables. Overall survival (OS) was defined as the time interval
between diagnosis of HCC and death attributed to any cause,
while disease-specific survival (DSS) was defined as the
time interval between diagnosis of HCC and death attributed
to HCC only. Univariate and multivariate Cox proportional
hazards regression models were applied to evaluate predic-
tive values of tumor sizes for OS and DSS.?! The hazard ratio
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(HR) or adjusted hazard ratio (AHR) and 95% confidence in-
terval (CI) were estimated by the Cox proportional hazards
model. Adjusted survival curves were plotted by the Kaplan-
Meier method and compared by log-rank test. P values <0.05
were considered to indicate statistical significance.

3 | RESULTS
3.1 | Demographic and clinicopathologic
association of tumor sizes

A total of 18,591 patients with solitary HCC classified as T1
or T2 by the AJCC 6th staging system were included in the
final study population, of which the median tumor size was
39 mm. The study population was then divided into two sub-
groups: small tumor sizes (<39 mm) and large tumor sizes
(>39 mm). Demographic and clinicopathologic character-
istics were compared between the two aforementioned sub-
groups of patients (Table 1). Large tumor sizes (>39 mm)
were found to be associated with male gender (P < 0.001),
older age (P < 0.001), lower fibrosis score (P < 0.001), and
lower rates of RFA and LT treatment (P < 0.001). Moreover,
large tumor sizes (>39 mm) were associated with many un-
favorable characteristics, including regional lymph node me-
tastases (P < 0.001), distant metastases (P < 0.001), vascular
invasion (P < 0.001), elevated alpha-fetoprotein (AFP) level
(P <0.001), and higher rate of widowed marriage status
(P < 0.001). Detailed information is shown in Table 1.

SEER Research Database 1973-2013
Hepatocellular carcinoma (ICD-O-3 site code: C22.0, ICD-
O-3 histologic type: 8170-8175)

N = 83565
* Known size of tumor
N=41144
* TI or T2 classification (AJCC 6th)
* Single lesion
* Known status of vascular invasion
[ N=19819 |
*  Known status of distant metastasis (M
classification by AJCC 6th)
| N=19248 |
* Known status of regional lymph node
metastasis (N classification by AJCC 6th)
[N = 18591 |
FIGURE 1 The flow chart for selection of study population.

SEER, Surveillance, Epidemiology, and End Results; ICD-0O-3,
international classification of diseases for oncology, 3rd edition; AJCC,
American Joint Committee on Cancer

3.2 | Prognostic ability of tumor sizes in
general population

The general population was categorized into three sub-
groups with two cut-off points in tumor sizes, 30 mm and
50 mm, which were adopted to define small HCC and
acted as tumor size limitations between RFA and LT.**
24 Consequently, there were three subgroups of patients:
<30 mm group, 31-50 mm group, and >50 mm group. The
median OS of the <30 mm group was 46.0 months with 95%
CI of 43.4-48.6 months, the median OS of the 31-50 mm
group was 26.0 months with 95% CI of 24.5-27.5 months,
and the median OS of the >50 mm group was 10.0 months
with 95% CI of 9.4-10.6 months. In univariate analysis,
compared with the <30 mm group, the other two groups
had inferior OS, with HR and 95% CI as 1.48 (1.41-1.56)
and 2.48 (2.37-2.60), respectively. Other remarkable prog-
nostic factors identified by univariate analyses included age
(£63/>63 years), year of diagnosis (2004-2007/2008-201
0/2011-2013), N classification (NO/N1), M classification
(M0/M1), AFP level (Normal and Borderline/Elevated), fi-
brosis score (0-4/5-6), surgery type (No surgery/RFA/LR/
LT/Other surgery), race ([American Indian/Alaska Native]/
White/Black/Asian or Pacific Islander), marriage status
(Widowed/Divorced or separated or single/Married), and
insurance status (Uninsured/Insured) (almost all P < 0.001).

After being adjusted by the above prognostic factors in
multivariate analyses, it was found that tumor size was an
independent and pronounced prognostic factor for OS.
Compared with the <30 mm group, the other two groups had
inferior OS in multivariate analyses, with AHR and 95% CI
as 1.53 (1.35-1.75) and 2.23 (1.94-2.56), respectively. The
adjusted survival curves for OS stratified by tumor sizes are
shown in Figure 2. Other independent and marked prognostic
factors for OS included year of diagnosis (2004-2007/2008-
2010/2011-2013), N classification (NO/N1), M classification
(M0/M1), AFP level (Normal and Borderline/Elevated), fi-
brosis score (0-4/5-6), surgery type (No surgery/RFA/LR/LT/
Other surgery), and race ([American Indian/Alaska Native]/
White/Black/Asian or Pacific Islander). Details of univariate
and multivariate analyses on OS in the general population are
shown in Table 2.

To clearly distinguish the impact of HCC rather than
comorbidities, the univariate and multivariate analyses for
DSS in the general population were repeated (Table S1).
The results were similar to those of the OS analyses. The
median DSS (95% CI) of the <30 mm group, 31-50 mm
group, and >50 mm group were 86.0 (NA) months, 39.0
(35.8-42.2) months, and 13.0 (12.0-14.0) months, respec-
tively. Additionally, tumor size was an outstanding and inde-
pendent prognostic factor for DSS in the general population.
Details are presented in Table S1 and the survival curves for
DSS stratified by tumor sizes are shown in Figure S1.
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TABLE 1 Demographic and clinicopathologic relevance of tumor size in solitary hepatocellular carcinoma

Tumor size (median: 39 mm)

Characteristics <39 >39 P value

Gender
Male 6695 (71.9) 6946 (74.8) <0.001
Female 2614 (28.1) 2336 (25.2)

Age (median: 63 y)
<63 5727 (61.5) 4145 (44.7) <0.001
>63 3582 (38.5) 5137 (55.3)

Year of diagnosis
2004-2007 2391 (25.7) 3030 (32.6) <0.001
2008-2010 2945 (31.6) 2846 (30.7)
2011-2013 3973 (42.7) 3406 (36.7)

N classification
NO 9150 (98.3) 8822 (95.0) <0.001
N1 159 (1.7) 460 (5.0)

M classification
MO 9059 (97.3) 8339 (89.8) <0.001
Ml 250 (2.7) 943 (10.2)

Vascular invasion
No 8476 (91.1) 8072 (87.0) <0.001
Yes 833 (8.9) 1210 (13.0)

AFP level
Normal and Borderline 2633 (35.5) 2149 (30.5) <0.001
Elevated 4780 (64.5) 4900 (69.5)

Unknown (n = 4129)

Fibrosis score

0-4 568 (17.1) 671 (32.8) <0.001
5-6 2749 (82.9) 1373 (67.2)
Unknown (n = 13230)
Surgery type
No surgery 4612 (49.7) 6318 (68.4) <0.001
RFA 1850 (19.9) 527 (5.7)
Liver resection 1152 (12.4) 1822 (19.7)
Liver transplantation 1252 (13.5) 253 (2.7)
Other surgery 416 (4.5) 317 (3.4)
Unknown (n = 72)
Race
American Indian/Alaska 102 (1.1) 99 (1.1) 0.01
Native
White 6457 (69.4) 6275 (67.6)
Black 1103 (11.8) 1125 (12.1)
Asian or Pacific 48 (0.5) 1761 (19.0)
Islander

Unknown (n = 70)

(Continues)
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TABLE 1 (Continued)

Tumor size (median: 39 mm)

Characteristics <39

Marriage status

Widowed 786 (8.9)
Divorced 1219 (13.7)
Separated 199 (2.2)
Single 1805 (20.3)
Married 4872 (54.9)

Unknown (n = 798)

Insurance status
Uninsured 207 (3.3)
Insured 6130 (96.7)
Unknown (n = 6500)

AFP, alpha-fetoprotein; RFA, radiofrequency ablation.

>39 P value

1145 (12.8) <0.001
963 (10.8)
132 (1.5)

1708 (19.2)

4964 (55.7)

256 (4.4) 0.001
5498 (95.6)

0s
10 — Tumor size (mm)
=30
. _[31-50
08— i, =
€ 06 FIGURE 2 Adjusted OS of
-% patients with solitary HCC by tumor size
a (<30 mm/31-50 mm/>50 mm) in the whole
E 04— \ study population. Compared with tumors
© <30 mm, tumors between 31-50 mm had
L‘\\"‘—\—‘ inferior adjusted OS in multivariate analyses
02— (AHR and 95% CI: 1.53 [1.35-1.75]), and
tumors >50 mm also showed worse adjusted
OS in multivariate analyses (AHR and 95%
00— CI: 2.23 [1.94-2.56]). HCC, hepatocellular
T T T T T carcinoma; OS, overall survival; AHR,
0 20 40 €0 80 adjusted hazard ratio; CI, confidence
Survival time (mo) interval
3.3 | Prognostic ability of tumor sizes in and surgery type (RFA/LR/LT). The results of the multivari-

subgroups stratified by vascular invasion and
surgery type

In the 7th edition of the AJCC TNM staging system for HCC,
solitary tumors without vascular invasion were classified as
T1, while those with vascular invasion were classified as T2.
It was interesting to determine whether tumor sizes could
contribute to a further refined T classification. Moreover, the
choice of the three main surgery types had certain interac-
tions with tumor sizes on HCC patients’ survival. Therefore,
the prognostic ability of tumor sizes on OS was further ex-
plored in subgroups stratified by vascular invasion (No/Yes)

ate analyses are listed in Table 3.

Tumor size remained an independent and striking prog-
nostic factor for OS regardless of the status of vascular in-
vasion (No/Yes) (all P < 0.001). In RFA patients without
vascular invasion, tumor sizes were independent and distinct
prognostic indicators for OS (all P < 0.001), while in those
with vascular invasion, a trend of worse OS was only found
in the 31-50 mm group compared with the <30 mm group
(HR and 95%CT: 1.70 [0.97-2.98], P = 0.07). In contrast, for
LR patients without vascular invasion, tumor sizes had no
prognostic impact on OS, but for those with vascular inva-
sion, the 31-50 mm group had a trend of worse OS (HR and
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TABLE 2  Univariate and multivariate Cox proportional hazards regression analyses for the impact of tumor size on OS

Characteristics

Gender (Male/Female)

Age (£63/>63)

Year of diagnosis
2004-2007
2008-2010
2011-2013

Tumor size (mm)
<30
31-50
>50
N classification (NO/N1)
M classification (MO/M1)
Vascular invasion (No/Yes)

AFP level (Normal and
Borderline/Elevated)

Fibrosis score (0-4/5-6)
Surgery type

No surgery

RFA

Liver resection

Liver transplantation

Other surgery
Race

American Indian/Alaska
Native

White

Black

Asian or Pacific Islander
Marriage status

Widowed

Divorced or separated or
single
Married

Insurance status
(Uninsured/Insured)

Number (%)

13641 (73.4)/4950 (26.6)
9872 (53.1)/8719 (46.9)

5421 (29.2)
5791 (31.1)
7379 (39.7)

7119 (38.3)
5006 (26.9)
6466 (34.8)
17972 (96.7)/619 (3.3)
17398 (93.6)/1193 (6.4)
16548 (89.0) /2043 (11.0)
4782 (33.1)/9680 (66.9)

1239 (23.1)/4122 (76.9)

10930 (59.0)
2377 (12.8)
2974 (16.1)
1505 (8.1)

733 (4.0)

201 (1.1)

12732 (68.7)
2228 (12.0)
3360 (18.1)

1931 (10.9)
6026 (33.9)

9836 (55.3)
463 (3.8)/11628 (96.2)

Univariate Multivariate
Adjusted HR (95%
HR (95% CI) P value CI) P value
0.98 (0.94-1.02) 0.35
1.48 (1.42-1.54) <0.001 1.28 (1.15-1.43) <0.001
1 (reference) <0.001 1 (reference) 0.02
0.95 (0.91-1.00) 0.04 0.81 (0.68-0.95) 0.01
0.85 (0.81-0.90) <0.001 0.77 (0.64-0.92) 0.004
1 (reference) <0.001 1 (reference) <0.001
1.48 (1.41-1.56) <0.001 1.53 (1.35-1.75) <0.001
2.48 (2.37-2.60) <0.001 2.23 (1.94-2.56) <0.001
2.39 (2.18-2.61) <0.001 1.40 (1.03-1.90) 0.03
3.55 (3.32-3.78) <0.001 2.78 (2.22-3.49) <0.001
0.96 (0.90-1.02) 0.16
1.55 (1.48-1.63) <0.001 1.40 (1.25-1.58) <0.001
1.28 (1.17-1.41) <0.001 1.35 (1.16-1.58) <0.001
1 (reference) <0.001 1 (reference) <0.001
0.41 (0.39-0.44) <0.001 0.54 (0.45-0.64) <0.001
0.30 (0.29-0.32) <0.001 0.37 (0.31-0.45) <0.001
0.15 (0.14-0.17) <0.001 0.17 (0.13-0.23) <0.001
0.59 (0.54-0.65) <0.001 0.86 (0.62 - 1.19) 0.36
1 (reference) <0.001 1 (reference) <0.001
0.99 (0.83-1.19) 0.93 0.88 (0.56-1.39) 0.58
1.10 (0.91-1.33) 0.31 0.97 (0.60-1.56) 0.89
0.70 (0.58-0.84) <0.001 0.48 (0.30-0.77) 0.002
1 (reference) <0.001
0.76 (0.71-0.81) <0.001
0.62 (0.59-0.66) <0.001
0.64 (0.57-0.73) <0.001

OS, overall survival; HR, hazard ratio; AFP, alpha-fetoprotein; RFA, radiofrequency ablation.

95%CI: 1.39[0.96-2.03], P = 0.08) compared to the <30 mm
group, and the >50 mm group had obviously worse OS (HR
and 95%CI: 1.49 [1.07-2.08], P = 0.02). Furthermore, the
prognostic ability of tumor sizes in LT patients was similar
to that of LR patients. For LT patients without vascular in-
vasion, tumor sizes had no prognostic impact on OS. In LT
patients with vascular invasion, compared with the <30 mm
group, the other two groups had observably worse OS (HR

and 95%CI: 1.86[1.08-3.21] and 3.75[1.41-10.00], P = 0.03
and P = 0.01, respectively). Detailed results of multivariate
analyses for OS in various subgroups are presented in Table
3. The adjusted survival curves of OS stratified by vascular
invasion and surgery type are shown in Figure 3.

The sample size was reduced in the analyses for DSS
(N =16032) compared with those for OS (N = 18 591).
Due to the further limited number of patients in the vascular
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invasion subgroup, only the prognostic impact of tumor sizes
on DSS was analyzed in subgroups stratified by vascular in-
vasion (no/yes), rather than surgery type. It was found that,
regardless of whether there was vascular invasion, the other
two groups had notably worse DSS compared with <30 mm
groups (All P < 0.001). The adjusted survival curves of DSS
stratified by vascular invasion are shown in Figure S2.

4 | DISCUSSION

The current study explored the clinical significance of tumor
sizes in solitary HCC classified as T1 and T2 by the 7th AJCC
TNM staging system. It demonstrated that tumor size was a
prominent and independent prognostic factor for HCC with or
without vascular invasion in the whole population, which was
associated with unfavorable clinicopathologic characteristics
in solitary HCC. However, the prognostic ability of tumor
sizes in patients receiving different surgery types (RFA/LR/
LT) was dependent on the status of vascular invasion.

In RFA patients without vascular invasion, both tumors
between 31-50 mm and tumors >50 mm were associated
with obviously inferior OS compared to tumors <30 mm. By
contrast, in RFA patients with vascular invasion, a trend of
worse OS was identified only in the 31-50 mm group com-
pared with the <30 mm group. Though it is not statistically
significant, the adjusted survival curves of three subgroups
in RFA patients with vascular invasion were separated as
shown in Figure 3. It most likely resulted from the small sam-
ple size of subgroups (N =36 in <30 mm group, N =22 in
31-50 mm group, and N = 15 in >50 mm group).

For nonvascular invasion patients receiving LR or LT,
tumor sizes were not prominent prognostic indicators.

as e
‘General, Vascular Invasion No Surgery Type: RFA; Vascular Invasion: No

)
v
u

/

Sunal tine (o)
os os
General, Vescular ivasion Yes Surgery Type: REA; Vascular Invasion Yes

Sunnal tims (mo)

Cum sureal (83

Suraval v (mo)

FIGURE 3

Whereas in LT patients with vascular invasion, tumor sizes
showed independent and notable prognostic ability. Similarly,
in LR patients with vascular invasion, compared with the
<30 mm group, the 31-50 mm group showed a trend of
worse OS, and the >50 mm group had markedly worse OS.
The small sample size of LR patients with vascular invasion
(N =43 in <30 mm group, N =75 in 31-50 mm group, and
N =202 in >50 mm group) might have led to the lack of sta-
tistical significance in comparing the <30 mm group and the
31-50 mm group.

Herein, it is concluded that tumor size was an important
prognostic factor for HCC patients receiving RFA. However,
for patients receiving LR or LT, tumor size was only a prog-
nostic element for those with vascular invasion. These find-
ings were consistent with some current consensus in clinical
practice and existing research. According to related litera-
ture, the minimum ablative margin of RFA was proposed to
be 10 mm. On the basis of the standard killzone as 50 mm,
in order to achieve eradication theoretically, the maximum
tumor size in RFA patients should be 30 mm, which has been
demonstrated by many clinical reports.24'26 Although the
optimal cut-off value in tumor size for RFA is still contro-
Versial,24 it is convincing that tumor size has a remarkable
influence on the outcome of RFA, which was supported by
this study as well. Furthermore, current criteria for LT, such
as the Milan criteria and United Network for Organ Sharing
(UNOS) criteria, put emphasis on the absence of macrovas-
cular invasion. In the current study, it was found that for LT
patients without vascular invasion, tumor sizes had no appre-
ciable effect on patients’ survival. However, for LT patients
with vascular invasion, with increased tumor sizes, patients’
survival decreased dramatically, indicating that LT should be
performed in these patients cautiously.
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Subgroup analyses for the impact of tumor size (<30 mm/31-50 mm/>50 mm) on OS stratified by vascular invasion (No/Yes) and

surgery type (RFA/LR/LT). Comparisons of OS for patients with different tumor sizes were conducted in subgroups stratified by vascular invasion
(No/Yes) and surgery type (RFA/LR/LT). AHR and 95% CI are shown in Table 3. OS, overall survival; RFA, radiofrequency ablation; LR, liver
resection; LT, liver transplantation; AHR, adjusted hazard ratio; CI, confidence interval
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Taking into consideration the consistent prognostic ability
of tumor sizes in vascular invasion patients receiving LR or
LT, it was suggested that solitary HCC of the T2 classifica-
tion could be further subdivided by tumor sizes to predict
outcomes more accurately. Several previous studies regard-
ing LR supported this proposal. Goh BK et al reported that
in solitary HCC patients receiving LR, tumor size was an
important predictive indicator for survival in the T2 classifi-
cation but not in T1.” Zhang et al demonstrated that for soli-
tary HCC patients without vascular invasion, tumor sizes did
not affect tumor recurrence and survival when they received
LR.B Compared with these studies, the current study had a
relatively large sample size. Besides, RFA and LT patients
were also included in this investigation, meaning it was not
restricted to just LR patients.

For nonvascular invasion patients, tumor sizes had no
impact on their survival regardless of receiving LR or LT.
Therefore, in such patients, tumor size should not act as a
reference factor in selection between LR and LT. According
to the National Comprehensive Cancer Network (NCCN)
guideline for HCC, the optimal tumor characteristic for LR
is solitary tumor without major vascular invasion, rather than
a specified limitation on tumor sizes. However, only those
meeting UNOS criteria (single tumor <50 mm or 2-3 tumors
<30 mm, no macrovascular involvement, no extrahepatic me-
tastasis) are recommended for LT. Although some studies had
suggested conducting LT for larger HCC, their conclusions
were debatable.””! This study disclosed that in solitary HCC
patients without vascular invasion, tumors between 31-50 mm
and even tumors >50 mm had comparable prognoses with tu-
mors <30 mm. Thus, for such patients, tumor size should not
be a limiting factor for LT. Preoperative examinations such as
computed tomography (CT) scans or magnetic resonance im-
aging (MRI) could only identify macrovascular involvement,
while microvascular invasion is conventionally confirmed by
postoperative pathological examination. Nowadays, though
technically immature, several advanced methods have been
developed to predict vascular invasion in HCC patients.”’33
The further maturity of relevant technologies could possibly
bring breakthroughs to clinical practice.

Vascular invasion has been considered an important
prognostic indicator in HCC.®® However, based on this
study, no prognostic ability for vascular invasion was
found in the whole population. Certain confounding fac-
tors were considered, such as surgery type diminishing
vascular invasion’s prognostic ability in the general popu-
lation. To verify this assumption, the prognostic ability in
each subgroup divided by surgery type was investigated.
It was found that vascular invasion was associated with
inferior OS in patients receiving LR (P < 0.001) and LT
(P = 0.06). Hence, the data were fundamentally consistent
with previous reports regarding the prognostic ability of
vascular invasion.

As previously mentioned, the major limitation of the
current study was its small sample size in positive vas-
cular invasion subgroups stratified by surgery type. For
instance, the sample size of RFA patients with vascular
invasion was too limited to achieve statistical signifi-
cance. In addition, this study was based on SEER regis-
tration, and data heterogeneity was more extensive than
those from single centers. At the same time, some import-
ant prognostic factors, including liver function, comor-
bidities, and etiology factors were missing in the SEER
database. As a result, the prognostic ability of tumor
sizes could not be adjusted by these factors in the current
study. Finally, the findings were not validated in another
independent cohort, especially for patients receiving liver
transplantation. A well-designed multicenter study with
greater patient enrollment should be performed to further
confirm these results. Nevertheless, this study demon-
strated the prognostic ability of tumor sizes in solitary
HCC was of great significance, dependent on the status of
vascular invasion and surgery type.

5 | CONCLUSION

In the current study, tumor size was found to be associated
with unfavorable clinicopathologic characteristics, and it was
a significant prognostic indicator in solitary HCC. However,
its prognostic ability was dependent on the status of vascular
invasion and surgery type. For LR or LT patients, tumor size
was not an independent prognostic factor for those without
vascular invasion, but it had notable prognostic ability for
those with vascular invasion. As suggested by this study,
tumor size should be integrated into T2 classification for soli-
tary HCC, and tumor size should not be a consideration in the
choice between LR and LT for solitary HCC patients without
vascular invasion.
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