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Abstract

Background: Previous studies have shown that tumor size has an impact on the prognosis of hepatocellular carci-
noma (HCC). Whether tumor size is related to the prognosis of distant metastatic HCC is unclear. The purpose of this
study was to investigate the effect of tumor size on the prognosis of distant metastatic HCC.

Methods: Data on patients with HCC were collected from the (SEER) database of surveillance, epidemiology and
final results. Propensity score matching (PSM) was used to reduce confounding factors and comprehensively evaluate
the clinicopathological features and prognosis of distant metastatic HCC.

Results: There were 189 patients with distant metastatic HCC whose tumor size was <50 mm and 615 patients with
a tumor size > 50 mm. The tumor sizes of distant metastatic HCC patients were associated with race, grade, surgical
treatment, N and AFP. The Kaplan—-Meier analysis showed that the mortality rate of patients with a tumor size >50 mm
was higher than that of patients with a tumor size <50 mm (p =0.00062). However, there were no significant differ-
ences in mortality rates after adjusting for confounding variables by using propensity score matching (p=0.23).

Conclusion: This propensity score matching study provides the best data in support of the following assertions:
tumor size is not an independent prognostic factor for distant metastatic HCC.
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Introduction

Hepatocellular carcinoma (HCC) accounts for 75-85%
of primary liver cancer (PLC), and is the main histologi-
cal type of primary liver cancer [1, 2]. HCC ranks third
in cancer-related mortality, causing over 500,000 deaths
worldwide annually [3]. The prevalence of HCC is sig-
nificantly higher in North and West Africa, and East and
South-East Asia, and 50% of reported HCC cases origi-
nate in China. HCC is associated with poor prognosis,
and the incidence of HCC is increasing in many countries
[4]. Although hepatectomy provides a chance of cure or a
prolonged life expectancy;, it is only feasible in 20-40% of
patients. Other local treatments, such as radiofrequency
ablation, transcatheter arterial chemoembolization, etha-
nol injection and sorafenib, prolong the lives of patients
with resectable tumors [5]. Although progress has been
made in the diagnosis and treatment of HCC, the median
survival time of patients with HCC is 33 months [6], and
the prognosis can still be improved. There are many fac-
tors affecting the prognosis of HCC, including portal
hypertension, the level of bilirubin, the tumor number
and vascular invasion [7]. Therefore, it is critical to deter-
mine the prognostic factors related to clinical outcomes.

Many studies have shown that tumor size is a poor
prognostic factor for various cancers, such as colon can-
cer [8-11], esophageal cancer [12], breast cancer [13, 14]
and thyroid cancer [15]. Therefore, many scholars have
explored the relationship between tumor size and HCC
patient prognosis. However, whether tumor size can be
used as an independent factor to predict the prognosis of
hepatocellular carcinoma (HCC) patients is still contro-
versial. Some researchers have suggested that tumor size
is a prognostic factor in HCC. In most cases, the larger
the tumor is, the worse the prognosis will be. Tumor size
has been included in most HCC surgical staging systems
[16, 17]. However, several large studies [18, 19] subse-
quently showed that tumor size is not a single independ-
ent prognostic factor in HCC, and large hepatocellular
carcinoma is associated with poor prognosis because
of its association with other adverse prognostic factors,
such as vascular invasion, tumors with higher multifocal-
ity and tumors of higher, grades. A recent study showed
that tumor size at diagnosis can be used as an independ-
ent risk predictor of histological grade, staging, surgical
choice and survival outcome in HCC patients [20].

In this study, we collected data on HCC patients from
the SEER database from 2010 to 2015, and screened the
data of advanced liver cancer patients for analysis. The
propensity matching score was used to evaluate whether
tumor size could be used as an independent prognostic
factor to predict the survival outcome of advanced HCC
patients.
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Materials and methods

Data source

The SEER database is an authoritative cancer statistics
database in the United States, that records the morbidity
rate, mortality rate and disease characteristics of millions
of malignant tumor patients across the United States.
The SEER database aims to reduce the cancer burden in
the American population. The tumor information in the
database is unified and standardized by SEER*Stat soft-
ware and updated regularly. The data used in this study
were all obtained from this database.

Patient selection process

In this study, we used SEER*Stat software (version 8.3.2)
to extract the clinical information of 114,873 patients
with liver cancer from 1973 to 2015 from the SEER data-
base. First, a total of 70,101 patients without liver cancer
who were diagnosed before 2010 were excluded. Then,
we removed patients with liver cancer tissue types that
were not hepatocellular carcinoma. In addition, patients
with nonadvanced liver cancer whose pathological stages
were classified according to the AJCC 7th edition TNM
staging system of the American Joint Commission on
Cancer were excluded. The additional exclusion crite-
ria included the following: unknown grade information,
unknown survival time, unknown tumor size, age at diag-
nosis <18, and unknown race information. The selection
criteria for patients are shown in (Fig. 1).

Propensity score matching

In observational studies, propensity score matching (PSM)
is a statistical method which used to reduce the influence
of these biases and confounding variables, and allow for
a more reasonable comparison between the experimental
group and the control group [21]. The number of patients
with >50 mm tumors was much larger than the number
of patients with <50 mm tumors. Therefore, the imbal-
ance in the baseline characteristics associated with prog-
nosis may influence the estimation of the prognostic
impact of tumor size. To adjust these key covariates, we
implemented PSM. In order to prevent the emergence of
new confounding factors, all variables were included in
PSM. The PSM analysis included 8 unbalanced covariates
(Age, Race, Grade, Sex, Surgical treatment, T, N, AFP).
PSM uses 1:1 nearest neighbor matching to establish a
pair of matches between the experimental group and the
control group. Each PSM covariable was estimated using
a logistic regression model.

Statistical analysis

We used SPSS Statistics version 21.0 (SPSS Inc., Chi-
cago, IL) and the R statistical computing environment (R
Foundation for Statistical Computing, Vienna, Austria))
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Patients with liver cancer in SEER database from 1973 to 2015 (n=114873)

Exclusion(n=70101)
1. Non-HCC malignancies (n=70)
2. Diagnosed before 2010 (n=70031)

HCC cases included (n=44772)

39 Q00X O D i 9] =

Exclusion(n=43968)

Histologic type !=8170-8175 (n=4808)

Grade unknown (n=26770)

Race unknown (n=37)

Age at diagnosis < 18 (n=34)

Survival months unknown (n=9)

CS factor 1 1=10,20 (n=2193)

CS tumor size 888,999 (n=678)

ATCC stage group blank,NA and UNK (n=1283)

T of the United States Joint Cancer Commission (AJCC) blank,NA
and TX (n=295)

N of the United States Joint Cancer Commission (AJCC) NX (n=140)
M of the United States Joint Cancer Commission (AJCC) MO
(n=7721)

| Eligible patients with advanced HCC (n=804) |

| Tumor sizes50mm (n=189) |

Tumor size>50mm (n=615) |

Fig. 1 Patient selection process

for data analysis. Continuous variables are expressed as
the mean and standard deviation, and classified data are
expressed as counts and percentages, which are used in
survival analysis. The Matchlt package was used to per-
form PSM, propensity scores estimated with logistic
regression. The caliper width is set to 0.1. The stand-
ardized mean difference method (SMD) was used to
compare the balance between the tumor size <50 mm
group and the tumor size >50 mm group, with a value
greater than 0.10 indicating imbalance [22]. The MBESS
package was used to calculate the SMD value. Pearson’s
chi-square test was used to compare the baseline charac-
teristics and differences between the two groups. Contin-
uous variables were analyzed by a t-test. The multivariate
analysis was performed using the Cox proportional haz-
ard model. Cox regression analysis was used to calculate
the hazard ratio (HR) and 95% confidence interval (95%
CI).

Results
Clinicopathological characteristics of distant metastatic
hepatocellular carcinoma patients.

A total of 804 patients with HCC treated from 2010
to 2015 were divided into two groups with 50 mm as
the cut-off point for tumor size. The baseline character-
istics of 189 patients with tumor size <50 mm and 615
patients with tumor size >50 mm are shown in (Table 1).

We selected HCC patients with distant metastasis in
stage M1. The average age of patients with tumors
<50 mm was 63.4 years, and the average age of patients
with tumors >50 mm was 64.6 years. We observed that
regardless of the size of the tumor, most of the patients
with advanced hepatocellular carcinoma were male, and
most of them were AFP-positive patients who had not
undergone surgery. Both before and after propensity
score matching, the tumor size of HCC patients was not
related to age, sex, race (American Indian / AK Native,
Asian / Pacific Islander), grade, surgical treatment, N, or
AFP (p>0.05). However, before PSM, the SMD values
of race » grade > surgical treatment, N and AFP were all
greater than 0.1, indicating that these factors had a cer-
tain impact on our analysis. Therefore, the PSM method
was used to reduce the influence of confounding fac-
tors. The propensity scores of hepatocellular carcinoma
patients in different groups in the selected SEER data-
base were matched (Fig. 2). After PSM, all of the SMD
values were lower than 0.1 (Table 2), indicating that all
baseline variables were matched completely among the
186 selected patients with tumors <50 mm and the 186
matched patients with tumors >50 mm.

Effect of tumor size on the overall survival (OS) rate of
patients with advanced hepatocellular carcinoma.

We performed Kaplan—Meier analysis before and after
PSM. The Kaplan—Meier analysis and log-rank test showed
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Table 1 Characteristics of the distant metastatic HCC patients before propensity score matching
Characteristic Before matching
Tumor size <50mm Tumor size >50mm P value SMD
n=189(23.5%) n=615(76.5%)
Age (year) 634+£11.5 64.6+£120 0.585 0.094
Race 0.178 0.149
Black 37 (19.6) 89 (14.5)
White 123 (65.1) 410 (66.7)
Other 29 (15.3) 116 (18.9)
Grade 0.088 0.142
Well differentiated 50 (26.5) 117 (19)
Moderately Differentiated 66 (34.9) 240 (39)
Poorly differentiated and undifferentiated 73 (38.6) 258 (42)
Sex 0.666 0.036
Male 153 (81) 489 (79.5)
Female 36 (19) 126 (20.5)
Surgical treatment 0.052 0.139
Wedge or segmental resection 16 (8.5) 38(6.2)
Local tumor destruction 8(4.2) 10(1.6)
No surgery 165 (87.3) 567 (92.2)
T <0.001 0.657
T0,T1 53 (28) 151 (24.6)
T 98 (51.9) 19 (3.1)
T3 27 (14.3) 367 (59.7)
T4 11(5.8) 78 (12.7)
N 0423 0.666
NO 134 (70.9) 417 (67.8)
N1 55(29.1) 198 (32.2)
AFP 0.167 0.115
Negative 45(23.8) 118(19.2)
Positive 144 (76.2) 497 (80.8)
M Allis M1

that before PSM, the mortality rate of patients with tumor
size >50 mm was significantly higher than that of patients
with tumor size <50 mm (P=0.00062) (Fig. 3a). Pro-
pensity score matching was performed to minimize any
deviations resulting from the influence of age, race, sex,
surgical treatment, tumor grade, and AFP. After matching
all potential confounding factors, there was no significant
difference in the survival rate of patients with advanced
liver cancer with a tumor size >50 mm and that of those
with a tumor size <50 mm (P=0.23) (Fig. 3b).

Discussion

In this study, we collected and analyzed the SEER data-
base data on 804 patients with type M1 hepatocellular
carcinoma. The results showed that the p values of all
the influencing factors were below 0.05, but the distance
balance distribution curve revealed an imbalance, thus,

we used the SMD value for the analysis. We used PSM
to exclude all confounding factors, and we observed that
all clinical features were matched between the group with
tumor sizes <50 mm and the group with tumor sizes
>50 mm. In addition, we analyzed the survival rates of
the two groups before and after matching. The results
showed that tumor size could not independently predict
the prognosis of M1 hepatocellular carcinoma patients.
The incidence of HCC increasing worldwide. HCC is
an invasive malignant tumor and one of the most com-
mon causes of cancer-related death. Surgery is the main
choice for the treatment of hepatocellular carcinoma and
is, most effective treatment, for obtaining the best over-
all survival rate and recurrence-free survival rate [23]. A
considerable proportion of HCC patients present with
advanced large hepatocellular carcinoma at the time
of the initial diagnosis. When liver function is main-
tained within an acceptable range, surgical treatment
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is considered to be the first choice for these large liver
cancers [24]. Radiofrequency ablation (RFA) is the pre-
ferred treatment for patients who are not eligible for sur-
gery or orthotopic liver transplantation. Postoperative
recurrence is closely related to patient survival [25], and
angiotensin receptor blockers can improve the survival
outcomes of HCC patients after RFA [26]. However, in
our study, the vast majority of advanced HCC patients
did not receive surgical treatment, and we speculate that
some patients may have died before receiving surgery or
that their bodies deteriorated to the extent that they were
unable to withstand surgical treatment. We also observed
that the survival rate of AFP-positive patients was lower
than that of AFP-negative patients. This finding is in
agreement with the conclusion of a previous study in
which it was shown that AFP level is an independent risk
factor associated with tumor differentiation, TNM stage,
tumor size and survival outcome among in patients with
liver cancer. Compared with AFP-negative tumors, AFP-
positive tumors had lower differentiation levels [27, 28],
were of later TNM stage [29, 30], and patients had larger
tumors and lower survival rates [29, 31-34]. In addition,
some comorbidities can also affect the occurrence and
prognosis of HCC. For example, due to the prevalence

of obesity and type-2 diabetes mellitus, Non Alcoholic
Fatty Liver Disease (NAFLD) /is now becoming a major
risk factor of HCC, and distant metastasis is more likely
to occur in HCC patients complicated with diabetes, thus
affecting patient survival [35].

The typical feature of most malignant tumors is growth
accompanied by distant organ metastasis, which is the
main factor leading to death. Hepatocellular carcinoma
most frequently metastasizes to the lungs, followed by
the bones and other sites [32—34]. When distant metasta-
sis occurs, adverse reactions in various tissues and organs
of the body aggravate the patient’s condition and even-
tually lead to death. Relatively speaking, the size of the
tumor may have little effect on the patient. The purpose
of this study was to better understand the effect of tumor
size on the prognosis of liver cancer patients with distant
metastases. Larger tumors are generally associated with
poorer survival outcomes, this may make patients with
larger tumors more anxious. Emotions have an impact
on survival in patients with advanced cancer [36]. This
study may reduce anxiety in some patients with large
tumor and provide guidance for clinicians in choosing
treatment options. Further understanding of the effect
of tumor size on the survival rate of patients with distant
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Table 2 Characteristics of the distant metastatic HCC patients after propensity score matching
Characteristic After matching
Tumor size <50mm Tumor size >50mm P value SMD
n=186 (50%) n=186 (50%)
Age (year) 635+11.6 62.7+£123 0.586 0.067
Race 0513 0.038
Black 35(18.8) 28 (15)
White 122 (65.6) 132 (71)
Other 29 (15.6) 26 (14)
Grade 0.541 0014
Well differentiated 48 (25.8) 42 (22.6)
Moderately differentiated 65 (34.9) 75 (40.3)
Poorly differentiated and undifferentiated 73 (39.3) 69 (37.1)
Sex 0.895 0014
Male 150 (80.6) 151 (81.2)
Female 36 (19.4) 35(18.8)
Surgical treatment 0.309 0.049
Wedge or segmental resection 14 (7.5) 14 (7.5)
Local tumor destruction 8 (4.3) 3(1.6)
No surgery 164 (88.2) 169 (90.9)
T <0.001 0.657
T0,T1 52 (28) 48 (25.8)
T 97(522) 6(3.2)
T3 26 (14) 108 (58.1)
T4 11 (6) 24129
N 0.731 0.036
NO 131(794) 134 (72)
N1 55(20.6) 52(28)
AFP 0.543 0.063
Negative 42 (22.6) 47 (25.3)
Positive 144 (77 4) 139 (74.7)
M All'is M1

metastasis will help to correctly classify advanced HCC
patients and may provide a reference for individualized
and targeted therapy.

Most previous studies focused on the effect of tumor
size on the prognosis of patients with hepatocellular
carcinoma (HCC). This is the first study of the effect
of tumor size on the survival rate of HCC patients with
distant metastases. This study also has some short-
comings. First, after performing PSM, the patient’
sample size decreased. Second, the SEER HCC data-
base does not include information regarding recur-
rence; therefore, the relationship between tumor size

and recurrence could not be analyzed. Both before
and after propensity score matching, the tumor size of
HCC patients was not related to age, sex, race (Ameri-
can Indian / AK Native, Asian / Pacific Islander),
grade, surgical treatment, N, or AFP (p>0.05). Third,
although our study population included white, black,
and other (American Indian / AK Native, Asian /
Pacific Islander), they were all treated in the United
States, so there may exist regional differences.
Whether the conclusions of this study are applicable to
other regions, such as Europe and Asia, needs further
discussion.



Xie et al. BMC Gastroenterology — (2022) 22:274 Page 7 of 8
a group <=50 == >50 b group <=50 == >50
1.004 1.004
0.754 0.754
£ £
8 g
S °
a 0.504 S 0.504 S
T T |
3 @ ‘
0.254 0.254 1
p=023
:
1 -
0.004 0.004 '
0 20 40 60 0 20 40 60
Time Time
Number at risk Number at risk
189 2F 10 2 186 25 9 2
50 | 615 35 8 >50 | 186 14 5 1
Fig. 3 Comparison of overall survival between the tumor size <50 mm group and the tumor size >50 mm group before (a) and after (b)
propensity score matching

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512876-022-02355-1.

Additional file 1. Primary data of this study.

Additional file 2. Table S1. Univariate Cox regression analyses of prog-
nostic factors in patients with distant metastatic HCC after PSM.

Acknowledgements
No.

Author contributions

Yuchen Song designed the research and controlled the structure and quality
of the manuscript. Sihai Chen made a great contribution to the revision. Jun
Xie proposed the study, collected and analyzed the data, and wrote the first
manuscript draft. Sihai Chen, Fangfei Wang, Jinliang Xie, Dingwei Liu and Rong
Zeng enriched and improved the discussion section. Chunyao Zheng came
up with some suggestions during this revision discussion. All authors read and
approved the final manuscript.

Funding
This study was supported by the Applied Research Incubation Program of
Jiangxi Province, China (No. 20171BBG70083).

Availability of data and materials

The datasets used and/or analysed during the current study available from the
corresponding author on reasonable request. The data used in this study are
available free of charge online at http://www.seer.cancer.gov on request.

Declarations

Ethics approval and consent to participate

The study protocol was approved by the Ethics Committee of First Affiliated
Hospital of Nanchang University. All patients from the SEER database gave
consent to participate in any scientific researches. All procedures were per-
formed in accordance with relevant guidelines.

Consent for publication
Not applicable.

Competing interests
No.

Author details

'Department of Gastroenterology, The First Affiliated Hospital of Nanchang
University, No. 17 Yongwaizheng Street, Nanchang, Jiangxi Province, China.
“Gastroenterology Institute of Jiangxi Province, Nanchang, Jiangxi Province,
China. *Nanchang University, Nanchang, China.

Received: 6 September 2021 Accepted: 23 May 2022
Published online: 02 June 2022

References

1. El Serag HB, Rudolph KL. Hepatocellular carcinoma: epidemiology and
molecular carcinogenesis. Gastroenterology. 2007;132(7):2557-76.

2. Stockdale AJ, Chaponda M, Beloukas A, Phillips RO, Matthews PC,
Papadimitropoulos A, King S, Bonnett L, Geretti AM. Prevalence of
hepatitis D virus infection in sub-Saharan Africa: a systematic review and
meta-analysis. Lancet Glob Health. 2017;5(10):2992-1003.

3. GaoQ ZhuH,DongL, ShiW, Chen R, Song Z, Huang C, Li J, Dong X,
ZhouY, et al. Integrated proteogenomic characterization of HBV-related
hepatocellular carcinoma. Cell (Cambridge). 2019;179(2):561-77.

4. Siegel RL MKJA: Cancer Statistics, 2018. CA 2018.

5. Dong W. Clinical outcome of small hepatocellular carcinoma after differ-
ent treatments: a meta-analysis. World J Gastroenterol. 2014;20(29):10174.

6. Kulik L, El-Serag HB. Epidemiology and management of hepatocellular
carcinoma. Gastroenterology. 2019;156(2):477-91.

7. Llovet JM, Bru C, Bruix J. Prognosis of hepatocellular carcinoma: the BCLC
staging classification. Semin Liver Dis. 1999;19(3):329.

8. Steinberg SM, Barwick KW, Stablein DM. Importance of tumor pathol-
ogy and morphology in patients with surgically resected colon cancer.
Cancer-AM Cancer Soc. 1986.

9. SpeltL, Sasor A, Ansari D, Andersson R. Pattern of tumour growth of the

primary colon cancer predicts long-term outcome after resection of liver

metastases. Scand J Gastroenterol. 2016;51(10):1233-8.

DaiW, Mo S, Xiang W, Han L, Li Q, Wang R, Xu Y, Cai G. The critical role

of tumor size in predicting prognosis for T1 colon cancer. Oncologist.

2020;25(3):244-51.

11. SahaS, Shaik M, Johnston G, Saha SK, Berbiglia L, Hicks M, Gernand J,
Grewal S, Arora M, Wiese D. Tumor size predicts long-term survival in


https://doi.org/10.1186/s12876-022-02355-1
https://doi.org/10.1186/s12876-022-02355-1
http://www.seer.cancer.gov

Xie et al. BMC Gastroenterology

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

(2022) 22:274

colon cancer: an analysis of the National Cancer Data Base. Am J Surg.
2015;209(3):570-4.

Wu Z, Yu B. Tumor size as a critical prognostic factor in T1-2 stage
esophageal cancer. Gastroent Res Pract. 2020;2020:1-11.

Foulkes WD, Reis-Filho JS, Narod SA. Tumor size and survival in breast
cancer-: a reappraisal. Nat Rev Clin Oncol. 2010.

Kasangian AA, Gherardi G, Biagioli E, Torri V, Moretti A, Bernardin E, Cor-
dovana A, Farina G, Bramati A, Piva S, et al. The prognostic role of tumor
size in early breast cancer in the era of molecular biology. PLoS ONE.
2017;12(12):€189127.

Wang Z, Zhang Q, Ye H, Jia C, Lv Z, Liu J, Yin Z. Tumor size is an independ-
ent predictor of mortality risk in differentiated thyroid cancer patients
with T4 disease. Endocr Pract. 2020;26(5):499-507.

Goh BKP, Teo J, Chan C, Lee S, Jeyaraj P, Cheow P, Chow PKH, Ooi LLPJ,
Chung AYF. Importance of tumor size as a prognostic factor after partial
liver resection for solitary hepatocellular carcinoma: Implications on the
current AJCC staging system. J Surg Oncol. 2016;113(1):89-93.
Minagawa M, Ikai |, Matsuyama Y, Yamaoka Y, Makuuchi M. Staging of
hepatocellular carcinoma assessment of the Japanese TNM and AJCC/
UICCTNM systems in a cohort of 13,772 patients in Japan. Ann Surg.
2007;245(6):909-22.

Zhang H, Zhang H, Yuan S, Yuan S, Dai S, Dai S, Zhang J, Zhang J, Huang
X, Huang X, et al. Tumor size does not independently affect long-term
survival after curative resection of solitary hepatocellular carcinoma
without macroscopic vascular invasion. World J Surg. 2014;38(4):947-57.
Vauthey JN, Klimstra D, Blumgart LH. A simplified staging system for
hepatocellular carcinomas. Gastroenterology. 1995;108(2):617-8.

Wu G, Wu J, Wang B, Zhu X, Shi X, Ding Y. Importance of tumor size at
diagnosis as a prognostic factor for hepatocellular carcinoma survival: a
population-based study. Cancer Manag Res. 2018;10:4401-10.

Austin PC. A critical appraisal of propensity-score matching in the medi-
cal literature between 1996 and 2003. Stat Med. 2008;27(12):2037-49.
Normand ST, Landrum MB, Guadagnoli E, Ayanian JZ, Ryan TJ, Cleary PD,
McNeil BJ. Validating recommendations for coronary angiography follow-
ing acute myocardial infarction in the elderly: a matched analysis using
propensity scores. J Clin Epidemiol. 2001;54(4):387-98.

Song T. Recent advances in surgical treatment of hepatocellular carci-
noma. Drug Discoveries Therap. 2015;9(5):319-30.

Hwang S. DMAS: Liver transplantation and conventional surgery for
advanced hepatocellular carcinoma. Transpl Int. 2010.

Facciorusso A, Del Prete V, Antonino M, Crucinio N, Neve V, Di Leo A,
Carr BI, Barone M. Post-recurrence survival in hepatocellular carci-

noma after percutaneous radiofrequency ablation. Digest Liver Dis.
2014;46(11):1014-9.

Facciorusso A, Del Prete V, Crucinio N, Muscatiello N, Carr Bl, Di Leo A,
Barone M. Angiotensin receptor blockers improve survival outcomes
after radiofrequency ablation in hepatocarcinoma patients. J Gastroen
Hepatol. 2015;30(11):1643-50.

Sauzay C, Petit A, Bourgeois A, Barbare J, Chauffert B, Galmiche A,
Houessinon A. Alpha-foetoprotein (AFP): a multi-purpose marker in
hepatocellular carcinoma. Clin Chim Acta. 2016;463:39-44.

Blank S, Wang Q, Fiel MI, Luan W, Kim KW, Kadri H, Mandeli J, Hiotis SP.
Assessing prognostic significance of preoperative alpha-fetoprotein in
hepatitis B-associated hepatocellular carcinoma: normal is not the new
normal. Ann Surg Oncol. 2014;21(3):986-94.

An 'S, Xiao T, Wang L, Rong W, Wu F, Feng L, Liu F, Tian F, Wu J. prognostic
significance of preoperative serum alpha-fetoprotein in hepatocel-

lular carcinoma and correlation with clinicopathological factors:

a single-center experience from China. Asian Pac J Cancer Prev.
2015;16(10):4421-7.

Farinati F, Marino D, De Giorgio M, Baldan A, Cantarini M, Cursaro C,
Rapaccini G, Del Poggio P, Di Nolfo MA, Benvegnu L, et al. Diagnostic and
prognostic role of alpha-fetoprotein in hepatocellular carcinoma: both or
neither? Am J Gastroenterol. 2006;101(3):524-32.

Abbasi A, Bhutto AR, Butt N, Munir SM. Corelation of serum alpha
fetoprotein and tumor size in hepatocellular carcinoma. J Pak Med Assoc.
2012;62(1):33-6.

Natsuizaka M, Omura T, Akaike T, Kuwata Y, Yamazaki K, Sato T, Karino Y,
Toyota J, Suga T, Asaka M. Clinical features of hepatocellular carcinoma
with extrahepatic metastases. J Gastroen Hepatol. 2005;20(11):1781-7.

33.

34.

35.

36.

Page 8 of 8

Kanda M, Tateishi R, Yoshida H, Sato T, Masuzaki R, Ohki T, Imamura J, Goto
T, Yoshida H, Hamamura K, Obi S. Extrahepaticmetastasisof hepatocellular
carcinoma: incidenceand risk factors. Liver int 2008.

Uchino K, Tateishi R, Shiina S, Kanda M, Masuzaki R, Kondo Y, Goto T,
Omata M, Yoshida H, Koike K. Hepatocellular carcinoma with extrahepatic
metastasis. Cancer-AM Cancer Soc. 2011;117(19):4475-83.

Facciorusso A. The influence of diabetes in the pathogenesis and the
clinical course of hepatocellular carcinoma: recent findings and new
perspectives. Curr Diabetes Rev. 2013;9(5):382.

Greer JA, Applebaum AJ, Jacobsen JC, Temel JS, Jackson VA. Review
understanding and addressing the role of coping in palliative care for
patients with advanced cancer. J Clin Oncol. 2020.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	No significant relationship exists between tumor size and prognosis in distant metastatic hepatocellular carcinoma: a propensity score matching analysis based on SEER database
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Materials and methods
	Data source
	Patient selection process
	Propensity score matching

	Statistical analysis
	Results
	Discussion
	Acknowledgements
	References


