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Abstract

Purpose The correlation between perioperative blood transfusions and the prognosis after major cancer surgery remains
controversial. We investigated the association between perioperative blood transfusion and survival outcomes following
major cancer surgeries and analyzed trends in perioperative blood transfusions.

Methods Data for this population-based cohort study were obtained from the National Health Insurance Service of South
Korea. Adult patients who underwent major cancer surgery between January 1, 2016, and December 31, 2020, were included.
The primary endpoint was 90-day mortality.

Results The final analysis included 253,016 patients, of which 55,094 (21.8%) received perioperative blood transfusions. In
the multivariable logistic regression model, select factors, including neoadjuvant/adjuvant chemotherapy, an increased preop-
erative Charlson Comorbidity Index, moderate or severe liver disease, liver cancer surgery, and small bowel cancer surgery,
were associated with an increased likelihood of blood transfusion. In the multivariable Cox regression model, patients who
received blood transfusion had a significantly higher risk of 90-day mortality (hazard ratio: 5.68; 95% confidence interval:
5.37,6.00; P<0.001) than those who did not.

Conclusion We identified potential risk factors for perioperative blood transfusions. Blood transfusion is associated with an
increased 90-day mortality risk after major cancer surgery.
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Introduction

The incidence of cancer is increasing rapidly with population
growth and aging worldwide [1]. It is projected to become
the leading cause of death in every country in the twenty-
first century [2]. Cancer treatment often involves major sur-
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eliminated [5]. Excessive transfusion of red blood cells and
platelets has been linked to an increased risk of venous and
arterial thrombotic events [6]. Some studies suggest that
excessive blood transfusions in patients with cancer can
exert immunomodulatory effects [7], resulting in cancer
recurrence patterns [8], whereas others argue that the oppo-
site is true [9, 10]. Therefore, the correlation between perio-
perative blood transfusions and the medical prognosis after
major cancer surgery remains controversial and requires
further investigation.

Therefore, present investigation examined the association
between perioperative blood transfusion and survival out-
comes following major cancer surgeries and analyzed trends
in perioperative blood transfusion between 2016 and 2020.
We hypothesized that blood transfusions would be associ-
ated with increased mortality rates after cancer surgery.

Methods
Study design and ethical statements

This research was conducted in accordance with the rel-
evant ethical guidelines and approved by the Institutional
Review Board (approval number: X-2105-686-904). Data
were obtained from the National Health Insurance Service
(NHIS) after approval of the study protocol (NHIS-2022-
1-336). Informed consent was not required, as the study
involved a retrospective analysis of anonymized data from
the South Korean NHIS database.

Data source

This study used data from the South Korean NHIS database,
which contains comprehensive information on all diagnoses
and prescriptions. Diagnoses were recorded using Interna-
tional Classification of Diseases, 10th Revision (ICD-10)
codes to enable patients to receive government financial sup-
port. The NHIS database also includes the demographic and
socioeconomic data of all patients in South Korea.

Inclusion of patients

This study commenced with an initial screening of adult
patients who underwent major cancer surgeries under gen-
eral anesthesia between January 1, 2016, and December
31, 2020. Major cancers included lung, gastric, colorec-
tal, esophageal, small bowel, liver, pancreatic, bile duct,
and gallbladder cancer. Table S1 lists the specific types of
major cancer surgeries. Four exclusion criteria were applied:
the study included only the first major cancer surgery for
patients who underwent multiple surgeries, and subse-
quent cases were excluded. Patients with metastatic cancer

(ICD-10 codes C77-C80) and those with missing age data
were excluded. Pediatric patients (< 18 years old) were not
included. In South Korea, the NHIS provides coverage for
95% of all medical expenditures incurred by patients with
cancer, provided that they are registered with the system.
Consequently, all individuals avail themselves of this oppor-
tunity and enroll in the program.

Blood transfusion

Patients were categorized into two groups based on whether
or not they received blood transfusions during the periopera-
tive period for major cancer surgeries. The NHIS database
accurately records transfusions of packed red blood cells
(pRBCs), platelets (PLTs), and fresh-frozen plasma (FFP)
using the corresponding transfusion codes.

Endpoints

The primary endpoint was mortality within 90 days after
major cancer surgery. Mortality within this timeframe was
further delineated as cancer- or non-cancer-related using
data from Statistics Korea, which documents the primary
etiology of all fatalities in South Korea using ICD-10 codes.
Fatalities due to primary cancer etiology (including progres-
sion, recurrence, metastasis, or complications) were clas-
sified as cancer-related mortality. All other fatalities were
designated as non-cancer related. The secondary endpoint
was the trend in blood transfusions between 2016 and 2020.

Covariates

Demographic and socioeconomic data were collected for
a comprehensive analysis. We used the NHIS database to
gather information on patients’ employment status during
surgery. Residences were categorized as urban or rural,
based on their location in metropolitan cities or other areas.
The NHIS also provides data on household income levels to
determine the eligibility for medical aid programs. Patients
were divided into five groups based on quartile ratios and
the Medical Aid Program group. Data on minimally invasive
surgical techniques such as video-assisted thoracic surgery
and laparoscopy were also collected. Information on intra-
operative remifentanil infusion and administration of neo-
adjuvant and adjuvant therapies was collected to indirectly
reflect the advanced stages of each cancer.

Data on hospital types and annual case volumes of major
cancer surgeries were extracted for statistical analyses to
account for the varying capacities of the hospitals where
cancer surgeries were performed. Hospitals were classified
as tertiary or general hospitals. We calculated the annual
case volumes of major cancer surgeries for each hospital by
dividing the total number of major cancer surgery cases from
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2016 to 2020 by five. Patients were stratified into four groups
based on the quartile ratios of annual case volumes. To ben-
efit from South Korea’s social welfare system, individuals
with disabilities must be registered in the NHIS database.
Within the database, patients with disabilities were classi-
fied into six groups based on the severity of their disability.
For this study, the patients were divided into two groups:
those with severe and those with mild-to-moderate dis-
abilities (grades 1-3 and 4-6, respectively). Comorbidities
were assessed using the Charlson Comorbidity Index (CCI),
which was calculated using the ICD-10 codes, as presented
in Table S2.

Statistical analyses

Clinicopathological characteristics were compared between
the patients who received blood transfusions (BT group) and
those who did not (non-BT group). Categorical variables
are presented as numbers and percentages, whereas con-
tinuous variables are presented as mean values with stand-
ard deviations. Multivariable logistic regression was used
to identify the factors associated with perioperative blood
transfusion among patients undergoing major cancer sur-
gery. All covariates were included in the adjustment model,
and the results are presented as odds ratios (ORs) with 95%
confidence intervals (CIs). A multivariable Cox regression
analysis was also performed to examine the hazard ratio
(HR) for 90-day mortality, with all covariates included in
the model, except for CCI, to avoid multicollinearity. We
also performed propensity score (PS) matching between the
BT and non-BT groups to determine whether or not the HR

for 90-day mortality varied between the PS-matched and
entire cohorts. PSs were calculated using logistic regression
and 1:1 matching was conducted using the nearest neighbor
method with a caliper of 0.25. An absolute standardized dif-
ference (ASD) < 0.1 was used as a criterion to determine
whether or not the two groups were adequately balanced by
PS matching.

Finally, subgroup analyses were conducted to determine
the significance of the association between perioperative
blood transfusions and 90-day mortality for each type of
cancer surgery. Log—log plots were used to confirm the
assumptions of the Cox proportional hazard model.

All statistical analyses were performed using the R soft-
ware program (version 4.0.3, R packages, R Project for Sta-
tistical Computing, Vienna, Austria), and P <0.05 indicated
significance.

Results
Study population

Figure 1 illustrates the patient selection process used in
this study. In total, 296,019 cases of major cancer surgery
were recorded in South Korea between January 1, 2016,
and December 31, 2020. We excluded 38,560 cases of
multiple surgeries performed in a single patient and 3921
cases of metastatic cancer to focus on the initial episodes of
major cancer surgery. In addition, 385 patients with miss-
ing age data and 137 pediatric patients < 18 years old were
excluded. Our final analysis included 253,016 patients who

Fig. 1 Patient selection process.
IOR interquartile range, pRBC January 1, 2016- December 31, 2020
packed red blood cell, FFP Major cancer surgery in South Korea
fresh-frozen plasma n=295,634

Excluded

38,560 cases of multiple (>2) major cancer surgeries

A

A4

3,921 patients who were diagnosed with metastatic cancer
137 pediatric patients (< 18 years old)

y

Finally included
n=253,016
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y

pRBC transfusion,

Perioperative blood transfusion
n=55,094 (21.8%; median value: 2 pint [IQR: 2-4])

Platelet transfusion, n=4,638 (1.8%)
FFP transfusion, n=16,562 (6.5%)

n=51,044 (20.2%)
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had undergone major cancer surgery. Of these patients,
55,094 (21.8%) received perioperative blood transfusions
(BT group) and 197,922 (78.2%) did not (non-BT group).
In the BT group, 20.2%, 6.5%, and 1.8% of patients received
pRBC, FFP, and platelet transfusions, respectively. Figure 2
illustrates the overall downward trend in the blood transfu-
sion rates for all three types of blood products between 2016
and 2020. Table 1 shows a comparison of the characteristics
of the BT and non-BT groups. More patients died within
90 days in the BT group than in the non-BT group (9.3%
vs. 1.0%).

Multivariable logistic regression model

Table 2 presents the results of the multivariate logistic
regression analysis examining the association between
various factors and the likelihood of perioperative blood
transfusion. Compared to lung cancer surgery, all other sur-
gery categories were associated with a higher probability of
blood transfusion, with small bowel (OR: 4.18; 95% CI 3.94,
4.43; P<0.001) and liver (OR: 3.25; 95% CI 3.12, 3.39;
P <0.001) cancer surgeries having the highest ORs. Major
cancer surgeries performed via video-assisted thoracoscopic
surgery (VATS) or laparoscopy were associated with a lower
likelihood of blood transfusion than either the open thora-
cotomy or laparotomy group (OR: 0.38; 95% CI1 0.37, 0.39;
P <0.001). Neoadjuvant/adjuvant chemotherapy ([OR: 2.25;
95% CI12.15,2.35; P<0.001]/[OR: 1.29; 95% CI 1.26, 1.32;
P <0.001]) and adjuvant radiotherapy (OR: 2.17; 95% CI
1.66, 1.84; P<0.001) were associated with an increased risk

Fig.2 Trends in blood transfu-
sion rates for all three types of 25%
blood products between 2016
and 2020. RBC red blood cell,
PLT platelet, FFP fresh-frozen
plasma

2016

m Total

of blood transfusion. Among the preoperative comorbidities
measured using the CCI, patients with moderate or severe
liver disease had a significantly higher likelihood of blood
transfusion than patients without moderate or severe liver
disease (OR: 2.26; 95% CI 2.08, 2.45; P <0.001).

Survival analyses

Table 3 presents the results of survival analyses examining
the association between blood transfusion and 90-day mor-
tality. Patients who received blood transfusions had a sig-
nificantly higher risk of 90-day mortality than the no blood
transfusion group (HR: 5.68; 95% CI 5.37, 6.00; P <0.001).
Among the three types of blood products, pRBC transfusion
was associated with the greatest increase in 90-day mortality
risk (HR, 3.12; 95% CI12.93, 3.31; P<0.001). Furthermore,
each additional pint of pRBCs was associated with a 4%
increase in the 90-day mortality risk (HR: 1.04; 95% CI
1.04, 1.04; P<0.001). These results are consistent with the
90-day cancer and non-cancer mortality rates. The HRs with
95% ClIs for other covariates are presented in Table S3.
Table S4 shows the characteristics of the BT and non-BT
groups before and after PS-matching. All ASDs between
the two groups were < 1.0, suggesting adequate balance
by PS matching. Table 4 shows the results of the survival
analyses in a PS-matched cohort. In the PS-matched cohort,
patients who received blood transfusions had a significantly
higher risk of 90-day mortality (HR, 4.48; 95% CI 4.20,
4.77; P<0.001) than those who did not. These results were
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Table 1 A comparison of the
blood transfusion group and
non-blood transfusion group

@ Springer

Variable BT group Non-BT group P-value

n=>55,094 n=197,922

Age, year 69.0 (11.8) 65.1(11.3) <0.001

Male sex 34,563 (62.7) 124,957 (63.1) 0.085

Having a job at surgery 31,962 (58.0) 123,822 (62.6) <0.001

Residence at surgery <0.001
Urban area 22,981 (41.7) 83,122 (42.0)

Rural area 30,217 (54.8) 109,847 (55.5)
Unknown 1896 (3.4) 4953 (2.5)

Household income level <0.001

Medical aid program 4214 (7.6) 8579 (4.3)
Q1 (lowest) 9366 (17.0) 34,209 (17.3)
Q2 9234 (16.8) 33,687 (17.0)

Q3 11,872 (21.5) 44,426 (22.4)
Q4 (highest) 17,764 (32.2) 69,202 (35.0)
Unknown 2644 (4.8) 7819 (4.0)

Type of cancer surgery <0.001

Lung cancer surgery 5278 (9.6) 48,820 (24.7)
Gastric cancer surgery 11,037 (20.0) 65,483 (33.1)
Colorectal cancer surgery 14,512 (26.3) 32769 (16.6)
Esophageal cancer surgery 1377 (2.5) 2634 (1.3)
Small bowel cancer surgery 3381 (6.1) 3954 (2.0)
Liver cancer surgery 8720 (15.8) 17,719 (9.0)
Pancreatic cancer surgery 6466 (11.7) 10,136 (5.1)

CBD or GB cancer surgery 4323 (7.8) 16,407 (8.3)

VATS or laparoscopy 21,832 (39.6) 138,332 (69.9) <0.001

Intraoperative remifentanil infusion 44,602 (81.0) 157,276 (79.5) <0.001

Neoadjuvant chemotherapy 4764 (8.6) 6745 (3.4) <0.001

Adjuvant chemotherapy 14,647 (26.6) 42,249 (21.3) <0.001

Adjuvant radiotherapy 125 (0.2) 159 (0.1) <0.001

Type of hospital <0.001
Tertiary general hospital 54,653 (99.2) 195,799 (98.9)

General hospital 441 (0.8) 2123 (1.1)

Annual case volumes of major cancer surgery <0.001
Ql <361 19,814 (36.0) 42,789 (21.6)

Q2: 362-758 15,907 (28.9) 48,256 (24.4)
Q3:759-2718 10,227 (18.6) 51,380 (26.0)
Q4>2718 9146 (16.6) 55,497 (28.0)

Disability at surgery <0.001
Mild to moderate 6591 (12.0) 17,398 (8.8)

Severe 2194 (4.0) 4167 (2.1)

CCI 5.9 (3.0 4.7 (2.5) <0.001
Myocardial infarction 1983 (3.6) 3629 (1.8) <0.001
Congestive heart failure 8776 (15.9) 15,776 (8.0) <0.001
Peripheral vascular disease 7466 (13.6) 18,970 (9.6) <0.001
Cerebrovascular disease 5776 (10.5) 14,030 (7.1) <0.001
Dementia 3044 (5.5) 5701 (2.9) <0.001
Chronic pulmonary disease 20,806 (37.8) 65,272 (33.0) <0.001
Rheumatic disease 2233 (4.1) 7081 (3.6) <0.001
Peptic ulcer disease 20,870 (37.9) 76,067 (38.4) 0.018
Mild liver disease 21,892 (39.7) 62,583 (31.6) <0.001
DM without chronic complication 16,220 (29.4) 40,849 (20.6) <0.001
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Table 1 (continued) Variable BT group Non-BT group P-value
n=>55,094 n=197,922

DM with chronic complication 4725 (8.6) 12,682 (6.4) <0.001

Hemiplegia or paraplegia 712 (1.3) 1061 (0.5) <0.001

Renal disease 2648 (4.8) 4336 (2.2) <0.001

Moderate or severe liver disease 1385 (2.5) 1590 (0.8) <0.001

AIDS 70 (0.1) 158 (0.1) 0.001

90-day mortality 5104 (9.3) 1983 (1.0) <0.001

90-day cancer mortality 4291 (7.8) 1565 (0.8) <0.001

90-day non-cancer mortality 813 (1.5) 418 (0.2) <0.001

BT blood transfusion, VATS video-assisted thoracoscopic surgery, CCI Charlson comorbidity index, DM
diabetes mellitus, AIDS acquired immune deficiency syndrome

consistent with the 90-day cancer and non-cancer mortality
rates.

Subgroup analyses

Table 5 presents the results of the subgroup analyses for
90-day mortality based on the cancer surgery type. The BT
group had a higher 90-day mortality rate than the non-BT
group for all cancer surgery types, and it was the highest
in gastric cancer surgery (HR: 7.70; 95% CI 6.66, 8.91;
P<0.001).

Discussion

The overall trend of perioperative blood transfusions among
patients with major cancers decreased between 2016 and
2020. Platelet transfusion remained almost constant; how-
ever, FFP and pRBC transfusions decreased slightly over the
years. Cancer surgery, particularly in the small bowel and
liver, is closely associated with blood transfusions. Patients
who received neoadjuvant chemotherapy or adjuvant radio-
therapy were also strongly associated with blood transfusion.
Based on the preoperative CCI, moderate or severe liver
disease and congestive heart failure were strongly associated
with blood transfusion. Patients who underwent VATS or
laparoscopy were less likely to receive blood transfusions
than the open thoracotomy or laparotomy group. The 90-day
cancer-related mortality rate after major cancer surgery was
higher in the BT group than in the non-BT group, especially
in those who received pRBC. Transfusion with PLT was
most frequently associated with 90-day non-cancer mortal-
ity. Gastric and liver cancer surgeries were also highly asso-
ciated with 90-day mortalities.

Recent studies also revealed a trend toward decreasing
perioperative pRBC and plasma transfusion rates due to
improvements in medical management, such as erythro-
poiesis-stimulating agents, tranexamic acid, intraoperative

cell salvage, acute normovolemic hemodilution, and novel
surgical techniques using laparoscopy and robot assistance
[11-14]. Increasing concerns regarding the possible deleteri-
ous effects of blood transfusion have also triggered a com-
mitment to more restrictive transfusion thresholds [12, 13].

Liver cancer surgery is highly associated with blood
transfusion; however, laparoscopy and VATS are associated
with lower blood transfusion rates than the open thoracot-
omy or laparotomy group. Owing to the invasive nature of
the operation, liver transplantation for hepatocellular carci-
noma often results in excessive blood loss and hemostatic
disorders. Therefore, aggressive supplementation with blood
products [15]. Approximately 80% of patients with hepato-
cellular carcinoma have liver cirrhosis [16], which hinders
the ability to synthesize coagulation factors and plasma
proteins and causes thrombocytopenia [17]. Laparoscopic
surgery uses energy-dividing devices, such as ultrasonic
coagulating shears and vessel-sealing devices, along with
a magnified surgical view, which reduces the incidence of
bleeding, resulting in less intraoperative blood loss [18].
This may explain the reduced association of laparoscopic
surgery with perioperative blood transfusion [19]. VATS is
a less invasive surgical procedure that results in less intra-
operative blood loss [20] and a lower need for blood transfu-
sion [21] than open thoracotomy.

Severe disability and a high CCI reflect a compromised
physical status, corresponding to an increased amount of
intraoperative blood transfusion during cancer surgery
[22]. Liver diseases, such as cirrhosis, are associated with
increased bleeding complications and the need for intraop-
erative blood transfusion [23]. Patients with congestive heart
failure are likely to be malnourished or have cachexia or
pre-existing anemia, which can be worsened by cancer and
subsequent major surgeries, consequently requiring blood
transfusions [24].

Chemotherapy drugs are strongly associated with
hepatic injury due to hepatic oxidative stress from chemo-
therapy-generated reactive oxygen species, which increase
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Table 2 Multivariable logistic regression model for perioperative

blood transfusion

Variable OR (95% CI) P-value
Age, year 1.03 (1.02,1.03) <0.001
Male sex 0.90 (0.88,0.92) <0.001
Having a job at surgery 0.95(0.93,0.98) <0.001
Residence at surgery
Urban area 1
Rural area 0.98 (0.96, 1.00) 0.085
Unknown 0.91 (0.81, 1.01) 0.076
Household income level
Medical aid program 1.20 (0.99, 1.06) <0.001
Q1 1
Q2 1.03 (0.99, 1.06) 0.138
Q3 1.00 (0.96, 1.03) 0.823
Q4 0.95 (0.92,0.98) 0.001
Unknown 0.98 (0.90, 1.07) 0.671
Type of cancer surgery
Lung cancer surgery 1
Gastric cancer surgery 1.28 (1.24, 1.33) <0.001
Colorectal cancer surgery 2.71(2.61,2.81) <0.001
Esophageal cancer surgery 3.10(2.87,3.35) <0.001
Small bowel cancer surgery 4.18 (3.94,4.43) <0.001
Liver cancer surgery 3.25(3.12,3.39) <0.001
Pancreatic cancer surgery 2.81 (2.68,2.95) <0.001
CBD or GB cancer surgery 1.55(1.47,1.62) <0.001
VATS or laparoscopy 0.38 (0.37,0.39) <0.001
Intraoperative remifentanil infusion 1.34 (1.31, 1.38) <0.001
Neoadjuvant chemotherapy 2.25(2.15,2.35) <0.001
Adjuvant chemotherapy 1.29 (1.26,1.32) <0.001
Adjuvant radiotherapy 2.17 (1.66, 1.84) <0.001
Tertiary general hospital (vs. general 0.47 (0.42,0.53) <0.001
hospital)
Annual case volumes of major cancer
surgery
Ql1<361 1
Q2:362-758 0.77 (0.75,0.79)  <0.001
Q3:759-2,718 0.53 (0.51,0.54) <0.001
Q4>2,718 0.41 (0.40,0.42) <0.001
Disability at surgery
Mild to moderate 1.14 (1.11,1.18)  <0.001
Severe 1.55(1.46,1.64) <0.001
Preoperative CCI*, point 1.10(1.10, 1.11) <0.001
Myocardial infarction 1.33(1.25,1.42) <0.001
Congestive heart failure 1.49 (1.44,1.54) <0.001
Peripheral vascular disease 1.14 (1.10, 1.18) <0.001
Cerebrovascular disease 1.19 (1.14,1.27) <0.001
Dementia 1.20 (1.14,1.27) <0.001
Chronic pulmonary disease 1.10 (1.07, 1.12) <0.001
Rheumatic disease 0.97 (0.92, 1.02) 0.235
Peptic ulcer disease 1.05 (1.03, 1.08) <0.001
Mild liver disease 1.14 (1.11,1.16) <0.001

@ Springer

Table 2 (continued)

Variable OR (95% CI) P-value
DM without chronic complication 1.22 (1.19, 1.25) <0.001
DM with chronic complication 1.15(1.10, 1.19) <0.001
Hemiplegia or paraplegia 1.43(1.28,1.59) <0.001
Renal disease 1.68 (1.58,1.77) <0.001
Moderate or severe liver disease 2.26 (2.08,2.45) <0.001
AIDS 1.15 (0.85, 1.57) 0.364

Year of surgery
2016 1
2017 0.95 (0.92, 0.99) 0.004
2018 0.89 (0.86,0.92) <0.001
2019 0.87 (0.84,0.90) <0.001
2020 0.82(0.79, 0.84) <0.001

OR odds ratio, CI confidence interval, BT blood transfusion, VATS
video-assisted thoracoscopic surgery, CCI Charlson comorbidity
index, DM diabetes mellitus, AIDS acquired immune deficiency syn-
drome

the operative risk of liver resection and blood loss [25].
Chemotherapy and radiotherapy can have side effects,
such as bone marrow depression and gut mucosal slough-
ing [24]. This leads to anemia, which can cause increased
tumor hypoxia. This condition is associated with angio-
genesis, apoptosis resistance, and resistance to cytotoxic
therapies [26]. Depending on the chemotherapy regimen
and type of cancer, thrombocytopenia and its severity
vary; thus, platelets are transfused to prevent bleeding
caused by reduced platelet counts after radiotherapy and
chemotherapy [27].

Platelets are multifunctional immune cells that promote
tumor growth and metastasis. Tumor cells form platelet-
tumor cell aggregates, which prevent death induced by
NK cells and TNF-a [28]. Platelets attracted to tumor sites
release their load of vascular endothelial and platelet-derived
growth factors and transforming growth factor beta, which
contribute to tumor growth and proliferation [29]. However,
platelet transfusion has side effects, such as a fever, allergy,
bacterial contamination, transfusion-related acute lung
injury, and thrombus formation.

RBC transfusions promote venous thromboembolism
owing to increased hematocrit and viscosity [30]. With pro-
longed storage, fresh plasma tends to contain tumor-pro-
moting cytokines. Transfusion-induced immunomodulation
contributes to compromised immune surveillance and tumor
cell growth, proliferation, and metastasis [29].

Studies have argued that poor outcomes in cancer patients
receiving perioperative blood transfusions are due to clinical
conditions requiring transfusions rather than blood trans-
fusions [31]. Chronic anemia is frequently associated with
sarcopenia, a decreased body mass index, and comorbidi-
ties [32]. It results from an advanced oncologic stage often
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Table 3 Multivariable Cox regression model for 90-day mortality

Variable HR (95% CI) P-value
90-day mortality
Multivariable model 1
BT group (vs. No BT group) 5.68 (5.37,6.00) <0.001
Multivariable model 2
pRBC TF group (no pRBC TF 3.12(2.93,3.31) <0.001
group)
PLT TF group (no PLT TF group) 2.94 (2.75,3.15) <0.001
FFP TF group (no FFP TF group) 2.30 (2.16,2.44) <0.001
Multivariable model 3
pRBC TF, 1 pint increase 1.04 (1.04, 1.04) <0.001
90-day cancer mortality
Multivariable model 4
BT group (vs. No BT group) 5.38 (5.05,5.73) <0.001
Multivariable model 5
pRBC TF group (no pRBC TF 332 (3.11,3.55) <0.001
group)
PLT TF group (no PLT TF group) 2.84 (2.64,3.06) <0.001
FFP TF group (no FFP TF group) 2.34 (2.19,2.50) <0.001
Multivariable model 6
pRBC TF, 1 pint increase 1.04 (1.04,1.04) <0.001
90-day non-cancer mortality
Multivariable model 7
BT group (vs. No BT group) 3.68 (3.23,4.20) <0.001
Multivariable model 8
pRBC TF group (no pRBC TF 2.32(2.01,2.68) <0.001
group)
PLT TF group (no PLT TF group) 3.553.01,4.18) <0.001
FFP TF group (no FFP TF group) 2.07 (1.77,2.41) <0.001
Multivariable model 9
pRBC TF, 1 pint increase 1.04 (1.04,1.04) <0.001

HR hazard ratio, CI confidence interval, BT blood transfusion, TF
transfusion, RBC red blood cell, PLT platelet, FFP fresh-frozen

plasma

associated with cachexia, consequent malnutrition, and exac-
erbation of anemia [33].

Patients with gastric cancer experience anemia due to
malnourishment from large or obstructing tumors, which
causes reduced oral feeding and tumor bleeding. Pernicious
anemia is a late clinical presentation of well-known pre-
cancerous conditions such as multifocal atrophic gastritis
[34, 35]. Neoadjuvant chemotherapy exacerbates anemia in
patients with gastric cancer by negatively affecting RBC pro-
duction, appetite, and the gastrointestinal function [36]. It is
also a frequent side effect of imatinib, which is the standard
treatment for gastrointestinal stromal tumors.

In liver cancer, hemoglobin levels decrease with increas-
ing severity of liver cirrhosis [37]. Portal hypertension and
cirrhosis result in gastrointestinal hemorrhaging, leading
to iron deficiency. It can also be caused by reduced blood
coagulation owing to impaired hepatocytes and a reduced
thrombocyte count. Combination therapies for chronic hepa-
titis C virus infections, such as peginterferon, ribavirin, and
direct-acting antivirals, also increase anemia [35].

Several limitations associated with the present study
warrant mention. First, our multivariable model for 90-day
mortality did not strongly indicate a dose—response rela-
tionship. Second, we could not evaluate the relationship
between transfusion and tumor stage progression. Patients
with locally advanced cancer may require extended surgi-
cal procedures associated with perioperative blood transfu-
sion. While comprehensive data on tumor stage were not
collected, our study used confounders, such as VATS or
laparoscopy, neoadjuvant and adjuvant chemotherapy, and
adjuvant radiotherapy, to indirectly account for tumor stage
and surgical extent. Third, we included only major cancer
surgeries, and our results might be identical for other can-
cer types, such as breast, thyroid, and esophageal cancers.
Finally, we could not distinguish between patients who
underwent curative surgery and those who underwent pal-
liative surgery, which might be another confounding factor
in this study.

Table4 Survival analyses in a
PS-matched cohort

Variable Event (n, %) HR (95% CI) P-value
90-day mortality

Non-BT group 1150/54,492 (2.1) 1

BT group 4954/54,492 (9.1) 4.48 (4.20,4.77) <0.001
90-day cancer mortality

Non-BT group 916/54,492 (1.7) 1

BT group 4162/54,492 (7.6) 4.72 (4.40,5.07) <0.001
90-day non-cancer mortality

Non-BT group 234/54,492 (0.4) 1

BT group 792/54,492 (1.5) 3.51(3.03, 4.06) <0.001

PS propensity score, HR hazard ratio, CI confidence interval, BT blood transfusion
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Table 5 A subgroup analysis for 90-day mortality

Type of surgery HR (95% CI) P-value
Lung cancer surgery

BT group (vs. No BT group) 5.13 (4.50, 5.85) <0.001
Gastric cancer surgery

BT group (vs. No BT group) 7.70 (6.66, 8.91) <0.001
Colorectal cancer surgery

BT group (vs. No BT group) 4.16 (3.75, 4.63) <0.001
Esophageal cancer surgery

BT group (vs. No BT group) 5.67 (3.89, 8.27) <0.001
Small bowel cancer surgery

BT group (vs. No BT group) 3.23(2.73,3.82) <0.001
Liver cancer surgery

BT group (vs. No BT group) 6.33 (5.05, 7.93) <0.001
Pancreatic cancer surgery

BT group (vs. No BT group) 5.18 (4.07, 6.59) <0.001
CBD or GB cancer surgery

BT group (vs. No BT group) 4.02 (3.40, 4.74) <0.001

HR hazard ratio, CI confidence interval, BT blood transfusion, CBD
common bile duct, GB gallbladder

In conclusion, the overall trend of perioperative blood
transfusions among patients with major cancers in South
Korea has decreased between 2016 and 2020. We identi-
fied the potential risk factors for perioperative blood trans-
fusions. In addition, blood transfusions were found to be
associated with an increased 90-day mortality risk after
major cancer surgery.
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