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Background: Studies have reported that blood transfusion may have an association with survival outcomes of cancer patients. This study 
was aimed at finding the effect of intra-operative blood transfusion on the prognosis of patients of hepatocellular carcinoma (HCC).
Methods: This was a retrospective study. HCC patients who underwent tumor resection from January 2013 to November 2018 at 
Harbin Medical University Cancer Hospital were included. The survival time of patients receiving or not receiving blood transfusion 
during the operation were compared.
Results: Of HCC patients, 21.1% (102/484) received intra-operative blood transfusion. After propensity score matching, 87 pairs of 
patients were included in the study. In the subset of patients with a tumor size of >4 cm, univariable analysis found that there were 
significant differences in recurrence-free survival (RFS; P=0.004) and overall survival (OS; P=0.028) between blood transfusion and 
non-blood transfusion groups. After multivariable Cox regression analysis, intra-operative blood transfusion was an independent risk 
factor for RFS (HR: 2.011, 95% CI: 1.146–3.529, P=0.015), but not for OS (HR: 1.862, 95% CI: 0.933–3.715, P=0.078) in the subset 
of patients with a tumor size of >4 cm.
Conclusion: Intra-operative blood transfusion was associated with worse RFS in HCC patients with a tumor size of >4 cm.
Keywords: hepatocellular carcinoma, intra-operative blood transfusion, recurrence-free survival, overall survival

Introduction
Hepatocellular carcinoma (HCC) is the most common primary hepatic malignancy.1 It ranks third among causes of cancer- 
related death.1,2 Surgical removal of the tumor remains the most effective treatment method.3 Because of the complicated 
anatomical structure of the liver, the percentage of patients receiving a blood transfusion is relatively high,4,5 currently 22%.6

Initiating transfusion of allogeneic red blood cells to patients with liver cancer who have experienced life-threatening 
bleeding during the operation is currently non-negotiable. Increasing evidence suggests, however, that transfusion of blood cells 
may be associated with negative outcomes. Some studies show that peri-operative transfusion could decrease survival rates and 
increase incidence rates of cancer recurrence and metastasis in cancer patients, while other studies show the opposite.1,7–14 It 
has been hypothesized that blood transfusions may promote the metastasis and recurrence of tumors through suppressing the 
immune function. Despite common use, the impact of blood transfusions during the operation on prognosis in patients with 
liver cancer remains unclear. It is necessary to validate the risks and benefits of blood transfusions for cancer patients rather 
than using blood transfusion as routine therapy. We conducted an updated systematic review and meta-analysis to evaluate the 
influence of blood transfusions on survival outcomes of lung cancer patients. Thus, we conducted a retrospective study to 
investigated the impact of intra-operative blood transfusion on the prognosis of HCC patients who underwent surgery.

Methods
Patient Selection
From January 2013 to November 2018, 484 patients with HCC who received transfusion of red blood cells during 
liver resection at Harbin Medical University Cancer Hospital were included. This study was conducted according to 
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the Declaration of Helsinki and approved by the Institutional Review Board of Harbin Medical University Cancer 
Hospital (2021–172R). Informed consent from the patients was waived by the IRB because the nature of this 
retrospective study was reanalyzing of existing data, which does not involve any potential risks and benefits to the 
patients. Only patients who received blood transfusion during the operation were included in the study. Patients 
received blood transfusion before or after the operation were excluded. Patients who had a history of previous 
surgery, incomplete follow-up data or another type of cancer were excluded from the study.

Variables
Patient information was obtained from the electronic medical records of Harbin Medical University Cancer Hospital. 
According to the median tumor size (maximal diameter of the tumor), HCC patients were divided into the group with 
a tumor size greater than 4 cm and the group with a diameter less than or equal to 4 cm. Then the patients were divided 
into the blood transfusion group and non-blood transfusion group. Intra-operative blood transfusion was defined as 
transfusing allogeneic whole blood and/or concentrated red cells (CRCs) during surgery.12 Transfusion of albumin, fresh- 
frozen plasma or platelets was not included in this study.

Survival Outcomes
Recurrence-free survival (RFS) and overall survival (OS) were used as primary outcomes. RFS was defined as the time 
from the date of surgery to the date of first recurrence or death from any cause, whichever occurred first. OS was defined 
as the time from the date of surgery to the date of death from any cause. In the statistical model, those patients who 
remained free of disease were censored.

Statistical Analysis
Continuous variables were expressed as mean ± SD. Student’s t-test was used to analyze continuous variables. 
Percentages and frequency counts were defined as categorical variables. Categorical variables were analyzed with Chi- 
square test or Fisher’s exact test. RFS and OS were analyzed with Kaplan-Meier methods. Univariate Cox models and 
log rank tests were used to analyze all variables. Independent predictors of RFS and OS were analyzed with Cox 
proportional hazards regression models after univariate analysis. All significant factors (P<0.05) were retained in the final 
model. To ensure the comparability of baseline characteristics between the blood transfusion and non-blood transfusion 
groups, we used propensity score matching (PSM) analysis to select a nearest propensity score (caliper set to 0.2 SD of 
the logit of the PS) for all variables across blood transfusion or non-blood transfusion groups in a ratio of 1:1. SPSS 26.0 
(IBM, Armonk, NY) were used for all analyses.

Results
Demographic and Clinical Features
A total of 484 HCC patients were included in this study after selection; 21.1% (102/484) had received a blood 
transfusion. The patients were classified into two sub-sets according to lesion diameter: >4 cm (n=236, 48.8%) and 
≤4 cm (n=248, 51.2%). Patients’ baseline information is shown in Tables 1 and 2, respectively. After PSM, the matched 
cohort showed that all variables did not differ significantly between the blood transfusion group and non-blood 
transfusion group within each subset.

Impact of Blood Transfusion on Survival Outcome in the >4 Cm Subset Group
After propensity score matching, in the > 4 cm subset group, the KM curve showed that RFS (P=0.004) and OS 
(P=0.028) between the blood transfusion and non-blood transfusion groups (Figures 1 and 2) were different. There 
was no difference in RFS or OS between the blood transfusion and non-blood transfusion groups in the subset of 
patients with a tumor size of ≤4 cm (Figures 3 and 4). Univariable Cox regression analysis found that blood 
transfusion was a risk factor for both RFS (P=0.004) (Table 3) and OS (P=0.028) (Table 4). Age (P=0.005) was 
associated with lower RFS (Table 3). TNM stage was also associated with lower RFS (P=0.019) (Table 5) and OS 
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Table 1 Baseline Characteristics of Patients Who Received a Blood Transfusion and Those Who Did Not 
in Different HCC Size Subsets in the Entire Cohort (n=484)

Variables Size >4 cm (n=236) Size ≤4 cm (n=248)

Non-Blood 
Transfusion 
(n=185)

Blood 
Transfusion 
(n=51)

P-value Non-Blood 
Transfusion 
(n=197)

Blood 
Transfusion 
(n=51)

P-value

Gender 0.994 0.614

Male 145(78.4) 40(78.4) 157(79.7) 39(76.5)
Female 40(21.6) 11(21.6) 40(20.3) 12(23.5)

Age (yr) 53±9.3 55±8.8 0.647 54±8.8 55±8.6 0.841

BMI ( / ) 24.3±3.2 25.1±2.9 0.256 24.7±3.2 24.5±3.3 0.312
ASA 0.354 1.000

1 1(0.5) 0 5(2.5) 1(2.0)

2 180(97.3) 48(94.1) 189(95.9) 49(96.1)
3 4(2.2) 3(5.9) 3(1.5) 1(2.0)

TNM 0.585 0.830

I 111(60.0) 27(52.9) 131(66.5) 32(62.7)
II 19(10.3) 5(9.8) 55(27.9) 16(31.4)

III 55(29.7) 19(37.3) 11(5.6) 3(5.9)

Tumor thrombus 0.187 0.086
Yes 32(17.3) 13(25.5) 27(13.7) 12(23.5)

No 153(82.7) 38(74.5) 170(86.3) 39(76.5)

High blood pressure 0.021 0.321
Yes 36(19.5) 3(5.9) 30(15.2) 5(9.8)

No 149(80.5) 48(94.1) 167(84.8) 46(90.2)

Diabetes 1.000 0.903
Yes 15(8.1) 4(7.8) 15(7.6) 3(5.9)

No 170(91.9) 47(92.2) 182(92.4) 48(94.1)
Fentanyl equivalents 0.001 <0.001

≤1.500mg 100(54.1) 14(27.5) 114(57.9) 15(29.4)

>1.500mg 85(45.9) 37(72.5) 83(42.1) 36(70.6)
Duration of operation <0.001 <0.001

≤2.170h 98(53.0) 6(11.8) 132(67.0) 12(23.5)

>2.170h 87(47.0) 45(88.2) 65(33.0) 39(76.5)

Table 2 Baseline Characteristics of Patients Who Received a Blood Transfusion and Those Who Did Not 
in Different HCC Size Subsets in the Matched Cohort (n=174)

Variables Size >4 cm (n=88) Size ≤4 cm (n=86)

Non-Blood 
Transfusion 
(n=44)

Blood 
Transfusion 
(n=44)

P-value Non-Blood 
Transfusion 
(n=43)

Blood 
Transfusion 
(n=43)

P-value

Gender 1.000 1.000
Male 34(77.3) 34(77.3) 33(76.7) 33(76.7)

Female 10(22.7) 10(22.7) 10(23.3) 10(23.3)
Age (yr) 56±7.8 55±8.7 0.551 56±7.8 55±8.7 0.551

BMI ( / ) 24.7±3.5 24.5±2.6 0.806 24.7±3.5 24.5±2.6 0.806

ASA 0.609 1.000
1 0 0 2(4.7) 1(2.3)

2 41(93.2) 43(97.7) 40(93.0) 41(95.3)

3 3(6.8) 1(2.3) 1(2.3) 1(2.3)

(Continued)
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(except stage II) (P=0.017) (Table 4). Multivariable analysis showed that blood transfusion was an independent 
predictor for lower RFS (HR: 2.011, 95% CI: 1.146–3.529, P=0.015) (Table 5) but not for OS (HR: 1.862, 95% CI: 
0.933–3.715, P=0.078) (Table 4). Age (HR: 0.966, 95% CI: 0.934–0.998, P=0.040) was associated with lower RFS 
(Table 3). TNM stage (except stage II) was associated with both lower RFS (HR: 1.923, 95% CI: 1.097–3.371, 
P=0.022) (Table 3) and OS (HR: 2.222, 95% CI: 1.130–4.368, P=0.021) (Table 4).

Table 2 (Continued). 

Variables Size >4 cm (n=88) Size ≤4 cm (n=86)

Non-Blood 
Transfusion 
(n=44)

Blood 
Transfusion 
(n=44)

P-value Non-Blood 
Transfusion 
(n=43)

Blood 
Transfusion 
(n=43)

P-value

TNM 0.119 0.255
I 24(54.5) 26(59.1) 32(74.4) 28(65.1)

II 8(18.2) 2(4.5) 8(18.6) 14(32.6)

III 12(27.3) 16(36.4) 3(7.0) 1(2.3)
Tumor thrombus 0.437 0.559

Yes 11(25.0) 8(18.2) 6(14.0) 8(18.6)

No 33(75.0) 36(81.8) 37(86.0) 35(81.4)
High blood pressure 1.000 0.710

Yes 4(9.1) 3(6.8) 3(7.0) 5(11.6)

No 40(90.9) 41(93.2) 40(93.0) 38(88.4)
Diabetes 1.000 0.710

Yes 3(6.8) 3(6.8) 5(11.6) 3(7.0)

No 41(93.2) 41(93.2) 38(88.4) 40(93.0)
Fentanyl equivalents 0.189 0.051

≤1.500mg 20(45.5) 14(31.8) 24(55.8) 15(34.9)

>1.500mg 24(54.5) 30(68.2) 19(44.2) 28(65.1)
Duration of operation 0.764 0.808

≤2.170h 7(15.9) 6(13.6) 11(25.6) 12(27.9)

>2.170h 37(84.1) 38(86.4) 32(74.4) 31(72.1)

Figure 1 Kaplan–Meier curves for recurrence-free survival of blood transfusion and non-blood transfusion groups after PSM: >4 cm subset group.
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Figure 2 Kaplan–Meier curves for overall survival of blood transfusion and non-blood transfusion groups after PSM: >4 cm subset group.

Figure 3 Kaplan–Meier curves for recurrence-free survival of blood transfusion and non-blood transfusion groups after PSM: ≤4 cm subset group.

Figure 4 Kaplan–Meier curves for overall survival of blood transfusion and non-blood transfusion groups after PSM: ≤4 cm subset group.
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Impact of Blood Transfusion on Survival Outcome in the ≤4 Cm Subset Group
In the subset of patients with a tumor size of ≤4 cm, intra-operative blood transfusion had no association with RFS (HR: 
1.266, 95% CI: 0.702–2.282, P=0.427) or OS (HR: 1.533, 95% CI: 0.726–3.322, P=0.251) using univariable Cox 
regression analysis (Table 5).

Discussion
In the present study, we found that intra-operative blood transfusion was associated with lower RFS and OS in HCC 
patients who underwent surgery with a tumor size of >4 cm, but not in HCC patients who underwent surgery with 
a tumor size of ≤4 cm.

Previous studies have found that peri-operative blood transfusion may be associated with complications including 
allergic reaction, infection, immunosuppression, cancer recurrence and increased mortality.15–17 The impact of peri- 
operative blood transfusion on the survival outcomes of patients with HCC after hepatectomy remains controversial. 

Table 3 Univariable and Multivariable Cox Regression Analysis of Recurrence-Free Survival after 
Resection for HCC in Propensity-Matched Patients with a Tumor Size of >4 Cm

Variables Univariable Analysis Multivariable Analysis

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

Gender (ref: Male) 0.518(0.253–1.058) 0.063
Age (yr) 0.954(0.924–0.986) 0.005 0.966(0.934–0.998) 0.040

BMI ( / ) 0.985(0.904–1.073) 0.731

ASA (ref:2) 0.703(0.171–2.887) 0.619
TNM (ref:I)

II 0.871(0.336–2.256) 0.776 0.900(0.338–2.400) 0.834

III 1.954(1.115–3.425) 0.019 1.923(1.097–3.371) 0.022
Tumor thrombus (ref: Yes) 0.881(0.464–1.673) 0.695

High blood pressure (ref: No) 0.648(0.202–2.075) 0.457

Diabetes (ref: Yes) 0.711(0.256–1.973) 0.506
Fentanyl equivalents, >1.500mg (ref: ≤1.500mg) 1.176(0.679–2.038) 0.559

Duration of operation, >2.170h (ref: ≤2.170h) 0.901(0.440–1.841) 0.772

Blood transfusion (ref: No) 2.186(1.261–3.791) 0.004 2.011(1.146–3.529) 0.015

Table 4 Univariable and Multivariable Cox Regression Analysis of Overall Survival After Resection for 
HCC in Propensity-Matched Patients with a Tumor Size of >4 Cm

Variables Univariable Analysis Multivariable Analysis

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

Gender (ref: Male) 0.497(0.193–1.278) 0.136

Age (yr) 0.982(0.944–1.022) 0.376
BMI ( / ) 0.995(0.893–1.108) 0.928

ASA (ref:2) 1.217(0.292–5.075) 0.786

TNM (ref:I)
II 0.484(0.112–2.096) 0.332 0.590(0.134–2.599) 0.485

III 2.276(1.157–4.474) 0.017 2.222(1.130–4.368) 0.021

Tumor thrombus (ref: Yes) 0.575(0.276–1.198) 0.132
High blood pressure (ref: No) 0.587(0.141–2.443) 0.456

Diabetes (ref: Yes) 1.142(0.274–4.754) 0.855

Fentanyl equivalents, >1.500mg (ref: ≤1.500mg) 0.975(0.499–1.905) 0.940
Duration of operation, >2.170h (ref: ≤2.170h) 0.670(0.293–1.532) 0.336

Blood transfusion (ref: No) 2.100(1.063–4.147) 0.028 1.862(0.933–3.715) 0.078
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Results of a meta-analysis which included 7241 HCC patients showed that blood transfusion was associated with 
increased incidence of post-operative complications and reduced disease-free survival time after tumor resection.18 

Chen et al19 and Feng et al20 investigated the impact of blood transfusion on the survival time of HCC patients at 
different BCLC (Barcelona Clinic Liver Cancer) stages. They both found that peri-operative blood transfusion was 
associated with poor prognosis of HCC patients at the BCLC-A stage, but not for those at the BCLC-B/C stage. Peng 
et al21 found that peri-operative allogeneic blood transfusion negatively influenced the survival outcomes of HCC 
patients at AJCC (American Joint Committee on Cancer) stage I, but not for those at AJCC stages II, III and IV after 
hepatectomy.

In this study, we investigated the effect of blood transfusion on the survival time of HCC patients with different tumor 
sizes who underwent surgery. We found that the RFS and OS of patients who underwent surgery and received a blood 
transfusion were shorter than those of patients who underwent surgery but did not receive a blood transfusion. Moreover, 
our study also proved that blood transfusion is an independent predictor for the prognosis of HCC patients who undergo 
surgery for a tumor larger than 4 cm. Hepatocellular carcinoma involving large tumors may mean more microvascular 
invasion or multiple tumors,22 which may be one of the reasons for this finding.

The mechanism of blood transfusion affecting tumor prognosis may be caused by immunosuppression. Allogeneic 
blood transfusion may contribute to the suppression of T-cell activity, reduced activity of natural killer cells, decreased 
lymphocyte counts and increased release of immunosuppressive prostaglandins.12,23–25 In addition, Patel et al found that 
blood transfusion may stimulate proliferation and angiogenesis of endothelial cells.26

Limitations
Our research had several limitations. Firstly, the sample size in our study was relatively small after PSM. Secondly, 
selection bias is inevitable even after PSM since this study was retrospectively performed. Thirdly, we had no 
information on anti-tumor therapies received by HCC patients before and after surgery.

Conclusion
In conclusion, our study showed that intra-operative blood transfusion was an independent risk factor for the RFS and OS 
of HCC patients who underwent surgery for a tumor greater in size than 4 cm. Thus, it is advisable to avoid unnecessary 
transfusions during the operation for HCC patients with larger tumor. Well-designed prospective multi-center studies are 
needed to validate the exact influence of blood transfusion on the prognosis of cancer and whether the volume of blood 
transfusion matters.

Table 5 Univariable Cox Regression Analysis of Recurrence-Free Survival and Overall Survival Identified after 
Resection for HCC in Propensity-Matched Patients with a Tumor Size of ≤4 Cm

Variables RFS OS

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

Gender (ref: Male) 0.662(0.308–1.424) 0.284 0.753(0.286–1.983) 0.563
Age (yr) 0.982(0.950–1.015) 0.277 0.994(0.954–1.035) 0.763

BMI ( / ) 0.998(0.905–1.102) 0.975 0.953(0.839–1.182) 0.456

ASA (2, 3 ref:1) 0.538(0.129–2.237) 0.394 0.959(0.129–7.121) 0.967
TNM (ref:I)

II 0.894(0.440–1.817) 0.757 0.831(0.332–2.084) 0.694

III 1.200(0.286–5.034) 0.804 2.345(0.536–10.249) 0.257
Tumor thrombus (ref: Yes) 2.954(0.914–9.552) 0.055 2.328(0.551–9.837) 0.235

High blood pressure (ref: No) 1.052(0.373–2.964) 0.923 0.501(0.067–3.733) 0.490

Diabetes (ref: Yes) 0.473(0.210–1.063) 0.061 0.952(0.287–3.158) 0.935
Fentanyl equivalents, >1.500mg (ref: ≤1.500mg) 0.957(0.530–1.728) 0.883 1.263(0.594–2.683) 0.542

Duration of operation, >2.170h (ref: ≤2.170h) 1.337(0.687–2.599) 0.387 2.016(0.803–5.062) 0.128

Transfused any blood product (ref: No) 1.266(0.702–2.282) 0.427 1.533(0.726–3.322) 0.251
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