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Background: The association of ABO blood group with prognosis of several malignancies has 

been established. However, its role in hepatocellular carcinoma (HCC) remains unclear.

Patients and methods: In this study, we investigated the prognostic role of ABO blood 

group in unresectable HCC patients receiving transarterial chemoembolization (TACE) as an 

initial treatment. Medical records of 2,611 HCC patients were collected, and clinical data of 

282 unresectable HCC patients receiving TACE were ultimately analyzed retrospectively. A 

prognostic nomogram was generated for predicting 1-, 2-, and 3-year overall survival (OS) 

probability. A total of 114 (40.4%), 69 (24.5%), 64 (22.7%), and 35 (12.4%) HCC patients had 

blood groups O, A, B, and AB, respectively.

Results: The median OS times for patients with blood groups O, A, B, and AB were 24, 23, 20, 

and 20 months, respectively. Patients with blood group AB (hazard ratio [HR]=2.050, 95% con-

fidence interval [CI], 1.331–3.157, P=0.001) or group non-O (HR=1.479, 95% CI, 1.110–1.972, 

P=0.008) had a poorer OS than those with blood group O. The prognostic nomogram, with a 

c-index of 0.701, was modest in predicting OS of unresectable HCC patients.

Conclusion: Patients with non-O blood group, particularly blood group AB, had a worse OS 

compared with those having blood type O. ABO blood group can predict the prognosis in patients 

with unresectable HCC undergoing TACE as an initial therapy. Further external validation in 

larger cohorts is necessary to confirm their usefulness in clinical practice.

Keywords: prognosis, ABO blood group, overall survival, liver cancer, transarterial 

chemoembolization

Introduction
Hepatocellular carcinoma (HCC) has been identified as one of the most common 

and lethal malignancies worldwide.1 Despite advances in diagnosis and treatment of 

HCC, many patients with HCC still present with intermediate or advanced disease at 

diagnosis and thus cannot undergo surgical resection. For these patients, transarterial 

chemoembolization (TACE) is the mainstay of treatment strategy.2–4 However, median 

survival for these individuals is only ∼1 year, much lower than expected.5 In addi-

tion, the prognoses of patients with unresectable stage HCC are variable due to the 

high heterogeneity in these populations.6 Therefore, efforts to identify new additional 

predictive markers are of great importance to improve the surveillance of prognosis 

for unresectable HCC.

Recently, there is increasing evidence showing that the ABO blood group is involved 

in the pathophysiology of various diseases such as cardiovascular and neoplastic 

disorders.7,8 The correlations of ABO blood group with survival have been evaluated 
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in various types of malignancies, including nasopharyngeal 

carcinoma,9 ovarian cancer,10,11 colon cancer,12 and breast 

cancer.13 A risk of developing cancer of the pancreas, stom-

ach, and pharynx has been shown using 1.6 million blood 

donors from Swedish and Danish populations.14 Also, another 

study showed that blood group non-O increased the risk of 

HCC.15 However, to date, very little is known concerning 

the association between ABO blood group and the survival 

for unresectable HCC patients.

To bridge the abovementioned gap, we performed a retro-

spective study to investigate the prognostic impact of ABO 

blood group in unresectable HCC patients who underwent 

TACE as their initial treatment in the Chinese population. The 

results of this study showed that patients with blood group 

non-O, particularly blood group AB, had a worse overall 

survival (OS) than those with blood type O, suggesting that 

ABO blood group might be used for prognostic stratification 

and individualized surveillance.

Patients and methods
Patients
This investigation was approved by the institutional review 

board (IRB) of the First Affiliated Hospital of Xi’an Jiaotong 

University. Written informed consent was obtained from all 

enrolled patients before the treatment. The methods were 

performed in accordance with the approved guidelines. After 

obtaining IRB approval, we retrospectively reviewed medical 

records of 2,611 patients with HCC between January 2008 

and August 2013 at our institution. The inclusion criteria 

were as follows: patients whose initial treatment is TACE; 

patients without extra-hepatic spread; patients in whom liver 

function is Child–Pugh A and B; and patients without any 

other malignant tumors. Patients with unresectable HCC met 

at least one of the following criteria: patient’s refusal resec-

tion, multiple lesions of the liver, and the presence of invasion 

of major blood vessels. Among 2,611 HCC patients in the 

database, a total of 282 unresectable HCC patients receiving 

TACE as an initial therapy were ultimately included.

TaCe procedures
TACE procedures were performed by two experienced 

interventional radiologists following the standard practice.16 

Briefly, hepatic arteriography was conducted to evaluate 

the tumor vessels. Subsequently, a catheter was selectively 

inserted into tumor-feeding artery to close the tumor. A mix-

ture of lipiodol and chemotherapeutic agents (epirubicin and 

cisplatin) was administered into the tumor-feeding branch. 

The doses of anticancer agents were adjusted according to 

liver function and vasculature of the tumor. TACE procedures 

were repeated thereafter until the tumor was stable.

Clinical variables
Factors that may potentially be related to survival were 

collected, including age, sex, place of residence, liver 

cirrhosis, tumor size, differentiation, stage, Child–Pugh 

grades, hepatitis status, ascites, and pre-operative serum 

α-fetoprotein (AFP) levels. Information on alcohol con-

sumption and tobacco use was obtained from the patients. 

Their blood types were obtained from the medical records 

in the hospital.

study end points and survival data
Serum AFP level, liver function, and computed tomography 

(CT) were performed every 3–4 months to assess treatment 

response. OS was defined as the time from the start of TACE 

to death from any cause or the last follow-up date. Patients 

who were still alive at the end of our follow-up were defined 

as censored data. Outcome data were collected until October 

2014 or patient’s death.

statistical analysis
Data were analyzed using SPSS 23.0 for Windows (IBM 

Corporation, Armonk, NY, USA). Prognostic nomogram was 

constructed and analyzed by R 3.3.1 with rms packages.39 

Categorical data were grouped and analyzed by using the 

Pearson χ2 test. The Kaplan–Meier method was applied to 

estimate the cumulative OS rate, and the differences in sur-

vival distributions were tested by the log-rank test. Variables 

that affected OS (P-value ,0.05) on univariate analysis were 

subsequently included in multivariate analysis by using Cox’s 

proportional hazards model. All tests were two-sided, and 

statistical significance was set at P,0.05.

Results
Clinical characteristics
The basic characteristics of enrolled patients are listed in 

Table 1. This study included 282 HCC patients (230 males 

and 52 females) following TACE as an initial treatment 

with a median age of 56 years (range: 22–82 years). The 

distribution of ABO blood group was as follows: O in 

114 (40.4%) patients, A in 69 (24.5%), B in 64 (22.7%), 

and AB in 35 (12.4%). Patient baseline characteristics were 

well balanced across individual ABO blood group, but 

significant differences were found between patients with 

blood type O and non-O group in terms of tumor staging 

(Table 1).
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Correlation of Os with aBO blood group 
status
Among the 282 patients, there were 212 deaths after a median 

follow-up of 22 months (range: 4–67 months). The 1-, 2-, 

and 3-year OS rates for the cohort were 81.2%, 43.2%, and 

22.6%, respectively. The median OS times were as follows: 

blood group O, 24 months (95% confidence interval [CI], 

20.05–27.95 months); blood group A, 23 months (95% 

CI, 19.83–26.16 months); blood group B, 20 months (95% CI, 

17.23–22.76 months); blood group AB, 20 months (95% CI, 

14.52–25.47 months). As shown in Figure 1A, there were no 

statistically significant differences between individual ABO 

blood group and OS (P=0.095). Notably, patients with blood 

group O had more favorable OS than patients with blood group 

A, B, or AB. Therefore, we divided the entire cohort into two 

subgroups (blood group O vs non-O [A, B, and AB]). The 

median OS was 24 months (95% CI, 20.05–27.95 months) 

for patients with blood group O and 21 months (95% CI, 

18.46–23.53 months) for patients with blood group non-O. 

As shown in Figure 1B, the OS of patients with blood groups 

O and non-O was significantly different (P=0.032).

Univariate and multivariate analyses
The univariate analyses suggested that Child–Pugh stage 

(P,0.001), serum AFP concentration (P=0.001), portal 

vein tumor thrombus (P=0.050), stage (P,0.001), ascites 

Table 1 Clinicopathological characteristics of patients, stratified by ABO blood type

Variables, n (%) Over 
cohort

Blood group P-value Blood group P-value

O A B AB O Non-O

Total case 282 114 (40.4) 69 (24.5) 64 (22.7) 35 (12.4) 114 (40.4) 168 (59.6)
Median age (years) 0.782 0.922

$56 142 (50.4) 57 (50.0) 36 (52.2) 34 (53.1) 15 (42.9) 57 (50.0) 85 (50.4)
,56 140 (49.6) 57 (50.0) 33 (47.8) 30 (46.9) 20 (57.1) 57 (50.0) 83 (49.6)

sex 0.665 0.749
Male 230 (81.6) 94 (82.5) 57 (82.6) 49 (76.6) 30 (85.7) 94 (82.5) 136 (81.0)
Female 52 (18.4) 20 (17.5) 12 (17.4) 15 (23.4) 5 (14.3) 20 (17.5) 32 (19.0)

Place of residence 0.492 0.142
Rural 131 (46.5) 59 (51.8) 31 (44.9) 26 (40.6) 15 (42.9) 59 (51.8) 72 (42.9)
Urban 151 (53.5) 55 (48.2) 38 (55.1) 38 (59.4) 20 (57.1) 55 (48.2) 96 (57.1)

Child–Pugh stage 0.726 0.705
a 216 (76.6) 86 (75.4) 54 (78.3) 47 (73.4) 29 (82.9) 86 (75.4) 130 (77.4)
B 66 (23.4) 28 (24.6) 15 (21.6) 17 (26.6) 6 (17.1) 28 (24.6) 38 (22.6)

smoking 0.945 0.988
never 126 (44.7) 51 (44.7) 31 (44.9) 27 (42.2) 17 (48.6) 51 (44.7) 75 (44.6)
ever (former+current) 156 (55.3) 63 (55.3) 38 (55.1) 37 (57.8) 18 (51.4) 63 (55.3) 93 (55.4)

etiology 0.477 0.663
hBV/hCV 231 (81.9) 92 (80.7) 56 (81.2) 51 (79.7) 32 (91.4) 92 (80.7) 139 (82.7)
none 51 (19.1) 22 (19.3) 13 (19.8) 13 (20.3) 3 (8.6) 22 (19.3) 29 (17.3)

serum aFP level (ng/ml) 0.422 0.245
,400 144 (51.1) 63 (55.3) 31 (44.9) 30 (46.9) 20 (57.1) 63 (55.3) 81 (48.2)
.400 138 (48.9) 51 (44.7) 38 (55.1) 34 (53.1) 15 (42.9) 51 (44.7) 87 (51.8)

PVTT 0.280 0.079
Yes 85 (30.1) 41 (36.0) 16 (23.3) 17 (26.6) 11 (31.4) 41 (36.0) 44 (26.2)
no 197 (69.9) 73 (64.0) 53 (76.8) 47 (73.4) 24 (68.8) 73 (64.0) 124 (73.8)

liver cirrhosis 0.343 0.852
Yes 207 (73.4) 83 (72.8) 48 (69.6) 46 (71.9) 30 (85.7) 83 (72.8) 124 (73.8)
no 75 (26.6) 31 (27.2) 21 (30.4) 18 (28.1) 5 (14.3) 31 (27.2) 44 (26.2)

ascites 0.126 0.273
Yes 87 (30.9) 31 (27.2) 23 (33.3) 26 (40.6) 7 (20.0) 31 (27.2) 56 (33.3)
no 195 (69.1) 83 (72.8) 46 (66.7) 38 (59.4) 28 (80.0) 83 (72.8) 112 (66.7)

Tumor size (cm) 0.419 0.417
#5 118 (41.8) 51 (44.7) 30 (43.5) 21 (32.8) 16 (45.7) 51 (44.7) 67 (39.9)
.5 164 (58.2) 63 (55.3) 39 (56.5) 43 (67.2) 19 (54.3) 63 (55.3) 101 (60.1)

Tumor stage 0.678 0.012
i+ii 69 (24.5) 19 (16.7) 23 (33.3) 17 (26.6) 10 (28.6) 19 (16.7) 50 (29.8)
iii+iV 213 (75.5) 95 (83.3) 46 (66.7) 47 (73.4) 25 (71.4) 95 (83.3) 118 (70.2)

Note: Tumor stage, TnM seventh edition.
Abbreviations: aFP, α-fetoprotein; hBV, hepatitis B virus; hCV, hepatitis C virus; PVTT, portal vein tumor thrombus.
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(P=0.001), tumor size (P=0.006), and blood group (group 

AB vs group O, P=0.028; group non-O vs group O, P=0.037) 

were prognostic predictors of OS. Further multivariate 

analyses identified serum AFP level, tumor stage, tumor size, 

and ascites as significant prognostic factors of OS. Specifi-

cally, compared to blood group O, the hazard ratios (HRs) for 

patients with blood group AB or non-O were 2.050 (95% CI, 

1.331–3.157, P=0.001) and 1.479 (95% CI, 1.110–1.972, 

P=0.008), respectively, suggesting that these HCC patients 

with blood group AB or non-O have a worse survival. The 

details of this analysis are depicted in Table 2.

Prognostic nomogram for Os
As shown in Figure 2, we further conducted a nomogram to 

predict the probability of death for individual HCC patients 

within 1, 2, and 3 years after TACE. The significant prog-

nostic variables (AFP level, tumor stage, tumor size, ascites, 

and blood group) were used to build the nomogram. Cali-

bration curves for nomogram are shown in Figure 3, which 

performed well with the ideal model. Harrell’s c-index was 

0.701 for OS, indicating that the nomogram had an excellent 

predictive accuracy.

Discussion
Prognostic biomarkers are expected to guide therapeutic 

options and surveillance strategies. Although prognostic 

factors have been identified for the whole HCC population, 

including AFP, tumor size, vascular invasion, and cirrhosis, 

useful clinical factors are not validated for predicting the 

outcomes of unresectable HCC receiving TACE.17 Recently, 

ABO blood group has been reported to correlate with increas-

ing the risk of HCC.18,19 However, few investigations have 

examined its prognostic role in unresectable HCC patients 

following TACE. Therefore, we assess the association of 

ABO blood group and the prognosis of unresectable HCC 

patients who underwent TACE as an initial treatment in the 

Chinese population for the first time.

In this study, the results suggested that patients with AB 

blood group or non-O have a poorer OS than those with 

blood group O. Also, we developed a novel nomogram 

incorporating tumor stage, tumor size, ascites, serum AFP 

level, and blood type, which predicts OS for HCC patients 

receiving TACE more precisely. Our results are consistent 

with the previous findings in nasopharyngeal carcinoma,20 

pancreatic, and renal cancer patients.21,22 These studies indi-

cated that the clinical outcome of patients with blood O is 

better than that of non-O patients. Particularly, individuals 

with blood group non-O may have a genetic background 

that predisposes to the risk of cancer. A recent large-scale 

epidemiologic study reported that blood group A correlated 

with the elevated risk of stomach cancer and blood group 

non-O correlated with the development of pancreatic can-

cer.23 Similarly, Kakava et al24 showed that head and neck 

cancer was more common in a population with blood group 

Figure 1 Kaplan–Meier survival analysis for Os: (A) different aBO blood groups and (B) blood groups O and non-O.
Abbreviation: Os, overall survival.
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Table 2 Cox regression analysis of potential prognosticators

Variables Univariate analysis Multivariate analysis

HR (95% CI) P-value HR (95% CI) P-value

age (years)
$56 vs ,56 1.179 (0.899–1.545) 0.233

sex
Male vs female 0.916 (0.653–1.286) 0.612

Place of residence
Rural vs urban 1.302 (0.991–1.711) 0.058

smoking
never vs ever 
(former+current)

0.953 (0.726–1.252) 0.730

Child–Pugh stage
a vs B 0.578 (0.425–0.787) ,0.001 0.823 (0.589–1.151) 0.254

etiology
hBV/hCV vs none 0.954 (0.676–1.347) 0.791

serum aFP level (ng/ml)
#400 vs .400 0.624 (0.474–0.822) 0.001 0.657 (0.496–0.871) 0.003

PVTT
Yes vs no 1.331 (1.000–1.771) 0.050 1.133 (0.828–1.549) 0.436

liver cirrhosis
Yes vs no 1.250 (0.916–1.707) 0.159

ascites
Yes vs no 2.109 (1.615–2.886) ,0.001 1.911 (1.401–2.605) ,0.001

Tumor size (cm)
.5 vs #5 1.482 (1.122–1.957) 0.006 1.457 (1.094–1.942) 0.010

Tumor stage
i+ii vs iii+iV 0.458 (0.325–0.646) ,0.001 0.470 (0.325–0.680) ,0.001

Blood group
a vs O 1.210 (0.853–1.718) 0.286 1.364 (0.947–1.967) 0.096
B vs O 1.372 (0.953–1.974) 0.089 1.349 (0.931–1.953) 0.114
aB vs O 1.610 (1.054–2.460) 0.028 2.050 (1.331–3.157) 0.001
non-O vs O 1.345 (1.018–1.777) 0.037 1.479 (1.110–1.972) 0.008

Abbreviations: CI, confidence interval; HBV, hepatitis B virus; HCV, hepatitis C virus; HR, hazard ratio; PVTT, portal vein tumor thrombus.

Figure 2 nomogram predicting 1-, 2-, and 3-year Os probability.
Abbreviations: aFP, α-fetoprotein; Os, overall survival.
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Figure 3 Calibration of nomogram-predicted Os probability: (A) the probability of 1-year Os; (B) the probability of 2-year Os; (C) the probability of 3-year Os.
Abbreviations: CI, confidence interval; OS, overall survival.

A compared to other blood groups. Another study indicated 

that blood group A was related to the increased risk of devel-

oping glioblastoma, while blood group O reduced the risk.25 

However, some research suggested that ABO blood group 

had no significant prognostic impact on non-small-cell lung 

cancer,26 urothelial carcinoma of the bladder,27 and triple-

negative breast cancer.28 Racial variability, heterogeneity of 

blood group distribution, and differences in demographics 

may lead to these conflicting results.

The underlying mechanisms by which ABO blood group 

influences the survival of HCC patients remain largely 

unknown. Several hypotheses may explain the underlying 

biological basis. ABO antigens have been recognized for their 

role as cancer-associated antigens.29,30 Terada and Nakanuma31 

revealed that ABO antigens are usually present on HCC tissue 

but not expressed on normal liver. Thus, the aberrant antigen 

changes might be involved in HCC progression. Second, 

non-O blood group individuals have higher circulating plasma 

levels of vWF and factor VIII, and consequently contribute 

to developing venous thromboembolism.32 These coagula-

tion factors are modulators of angiogenesis and are involved 

in carcinogenesis.33 In addition, hypercoagulability plays 

significant roles in tumor metastasis and poor prognosis.34 

Third, there is a close link between blood group antigens 

and systemic inflammation response, which facilitates the 

development and progression of HCC. Studies revealed that 

single-nucleotide polymorphisms (SNPs) at the ABO gene 

locus correlated with circulating levels of inflammatory 

markers, including tumor necrosis factor-alpha (TNF-α) 

and soluble intercellular adhesion molecule-1 (sICAM-1).35 

These inflammatory cytokines are involved in the regula-

tion of hepatocarcinogenesis. Particularly, sICAM-1 has 

been associated with occurrence and prognosis of HCC.36 

The low sICAM-1 level may promote tumor progression.37 

Individuals with non-O blood group express low level of 

sICAM-1 in comparison with those with blood group O.38 

These biological bases may partially explain the correlation 

of blood group with OS of HCC.
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To the best of our knowledge, there are few reports on 

the association of blood group and survival for HCC. More-

over, it remains unclear whether blood group plays a role in 

the biological behavior of HCC cells or the TACE surgery 

process. Further investigations are needed to figure out 

these questions. The present study can provide an important 

reference for future research and can inspire more works to 

explore the correlation and mechanism between blood group 

and prognosis of HCC.

There are several limitations in this study. First, the 

patient cohort in this retrospective study is not representa-

tive of the general population. Selection bias may exist. 

Second, although ABO blood group is linked to race, the 

ethnic makeup in this study is Chinese, perhaps limiting 

the universality of our findings. Third, because sample size 

of the study was relatively small, we did not explore the 

impact of ABO blood group on survival based on different 

clinicopathological features. Despite the abovementioned 

limitations, the results of this study expand the current under-

standing of the relationship between ABO blood group and 

prognosis of HCC. Obtaining serum blood type is convenient; 

the effect of blood group on tumor biology or response to 

therapy should be further explored.

Conclusion
ABO blood group correlates with the prognosis of patients 

receiving TACE as an initial treatment for unresectable 

HCC. Patients with blood group non-O, particularly blood 

group AB, had a worse OS than those with blood group O. 

Further clinical and experimental investigations are neces-

sary to confirm this association and to elucidate the related 

mechanisms.
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