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Abstract

BACKGROUND

Gastric cancer (GC) is still a prevalent neoplasm around the world and its main
treatment modality is surgical resection. The need for perioperative blood
transfusions is frequent, and there is a long-lasting debate regarding its impact on
survival.

AIM
To evaluate the factors related to the risk of receiving red blood cell (RBC)

transfusion and its influence on surgical and survival outcomes of patients with
GC.

METHODS

Patients who underwent curative resection for primary gastric adenocarcinoma at
our Institute between 2009 and 2021 were retrospectively evaluated. Clinicopatho-
logical and surgical characteristics data were collected. The patients were divided
into transfusion and non-transfusion groups for analysis.

RESULTS
A total of 718 patients were included, and 189 (26.3%) patients received periop-
erative RBC transfusion (23 intraoperatively, 133 postoperatively, and 33 in both
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periods). Patients in the RBC transfusions group were older (P < 0.001), and had more
comorbidities (P = 0.014), American Society of Anesthesiologists classification III/IV (P < 0.001),
and lower preoperative hemoglobin (P < 0.001) and albumin levels (P < 0.001). Larger tumors (P <
0.001) and advanced tumor node metastasis stage (P < 0.001) were also associated with the RBC
transfusion group. The rates of postoperative complications (POC) and 30-d and 90-d mortality
were significantly higher in the RBC transfusion group than in the non-transfusion group. Lower
hemoglobin and albumin levels, total gastrectomy, open surgery, and the occurrence of POC were
factors associated with the RBC transfusion. Survival analysis demonstrated that the RBC
transfusions group had worse disease-free survival (DFS) and overall survival (OS) compared with
patients who did not receive transfusion (P < 0.001 for both). In multivariate analysis, RBC
transfusion, major POC, pT3/T4 category, pN+, D1 lymphadenectomy, and total gastrectomy
were independent risk factors related to worse DFS and OS.

CONCLUSION

Perioperative RBC transfusion is associated with worse clinical conditions and more advanced
tumors. Further, it is an independent factor related to worse survival in the curative intent
gastrectomy setting.

Key Words: Stomach neoplasms; Blood transfusion; Red blood cells; Postoperative complications; Survival;
Prognosis

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This is a retrospective study to investigate the association of perioperative red blood cell (RBC)
transfusion with surgical and survival outcomes in patients with gastric cancer. Our findings demonstrated
that patients who received RBC transfusion had poorer preoperative clinical conditions and more
aggressive tumors, and were submitted to more invasive procedures. The rates of postoperative complic-
ations and 30-d and 90-d mortality were also significantly higher in patients who received RBC
transfusions compared to those who did. Further, receiving an RBC transfusion was an independent factor
associated with worse survival.

Citation: Kawakami LE, Bonomi PB, Pereira MA, Carvalho FO, Ribeiro Jr U, Zilberstein B, Sampaio LR,
Carneiro-D'Albuquerque LA, Ramos MFKP. Risk factors for blood transfusion and its prognostic implications in
curative gastrectomy for gastric cancer. World J Gastrointest Surg 2023; 15(4): 643-654
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INTRODUCTION

In 2020, gastric cancer (GC) was the fifth most diagnosed neoplasm and the fourth cause of death by
neoplasms[1]. Although its incidence and mortality rates have decreased in the last two decades, in
2025, GC will be accountable for more than one million cases and eight hundred thousand deaths[2]. GC
is frequently associated with perioperative blood loss, whether by its biological behavior or its most
important treatment, radical gastrectomy. Therefore, anemia and blood transfusion in the perioperative
setting are a common concern[3,4].

The Transfusion Requirements in Critical Care trial (1999) was the first study to show worse
outcomes related to excessive use of blood components in critical care patients, and since then, more
restrictive use of transfusions has been recommended|[5]. In the last ten years, surgeons and oncologists
have studied the continuous pro-inflammatory status triggered by surgical tissue damage,
postoperative complications (POC), and blood transfusions[6]. This effort confirmed the association
between transfusion and higher recurrence rates in colorectal, pancreatic, and biliary tract cancers[6-8].
However, the current literature seems to struggle to find an answer for the impact of blood components
on the outcomes of curative intent treatment in GC. The debate on how blood transfusion impacts
survival and POC in GC is a complex topic, given the heterogeneity of results found in recent years. One
side supported blood transfusion as an independently associated risk factor for inferior results; the other
concluded that using blood components is a confounding factor for the worse prognosis since patients
needing transfusions presented unfavorable clinical conditions previous to the surgical procedure and

more advanced tumors at pathological staging compared to patients who did not receive transfusions[9-
11].
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Thus, this study aimed to evaluate the influence of perioperative red blood cell (RBC) transfusion on
surgical and survival outcomes of patients with GC. We also examined the factors related to the risk of
receiving a blood transfusion.

MATERIALS AND METHODS

Patient selection and study design

This is a retrospective cohort of patients with GC who underwent gastrectomy with curative intent in an
oncological reference center from February 2009 to December 2021. Non-adenocarcinoma tumors
(lymphoma, gastrointestinal stromal tumor, and neuroendocrine tumors) were excluded, as well as
palliative surgery, diagnostic laparoscopy, previous hematological disorders, and patients with
synchronic neoplasms.

Data collection and definitions

The following clinical variables were evaluated: Age, sex, preoperative body mass index (BMI),
neutrophil-lymphocyte ratio (NLR), hemoglobin, albumin level, and performance status based on the
American Society of Anesthesiologists (ASA) classification. Charlson-Deyo comorbidity index (CCI) was
used to measure comorbidities without including age and GC as comorbidity[12]. Tumor node
metastasis (TNM) staging was determined according to the 8" edition of the American Joint Committee
on Cancer[13].

Experienced surgeons performed surgical procedures. The surgical approach (open or laparoscopic)
was carried out based on the surgeon's decision after a multidisciplinary meeting composed of the
oncology, surgery, radiology, and pathology departments. The extension of gastric and lymph node
(LN) dissection followed the recommendations of the Japanese Gastric Cancer Association (JGCA)[14].
The classification proposed by Baiocchi et al[15] was employed to define intraoperative complications.
Intraoperative blood loss was measured in milliliters, and the length of the surgical procedure was
assessed in minutes.

For analysis, the patients were divided into two groups: Patients who received an RBC transfusion
and those who did not. In addition to the RBC transfusion, we also describe the transfusion of platelet
concentrate (PC) and fresh frozen plasma (FFP). Regarding the moment in which the administration
occurred, the following periods were considered: Intraoperative and postoperative (until the 30* day).

POC were graded according to Clavien-Dindo's classification. Clavien III to V was considered major
complications[16]. Mortality at 30 and 90 d after the surgical procedure was also assessed. Adjuvant or
perioperative platin-based chemotherapy was administered according to clinical indications (T3, T4,
and regional LN metastasis)[17].

Surgical and oncological teams performed postoperative follow-up medical appointments every 3 mo
in the first year and every 6 mo in the following years. The attending clinician assigned to each case
determined recurrence based on laboratory tests, CT, or endoscopy reports. Lost to follow-up was
defined as an absence for more than 12 mo in follow-up visits.

We obtained all data by reviewing the patient’s medical chart and blood center system. The hospital
ethics committee approved the study (CAAE: 59337222.7.0000.0068) and it was registered online in the
national research projects database (www.plataformabrasil.org.br).

Statistical analysis

The Chi-square test was used to compare categorical variables between the two groups, and the t-test or
Mann-Whitney test for continuous variables. Univariate and multivariate binary regression analyses
were used to identify risk factors for receiving perioperative RBC transfusion. Odds ratios (ORs) with
95%CI were calculated.

Survival was estimated using the Kaplan-Meier method, and the log-rank test was used to identify
differences between the survival curves. The Cox proportional hazards model was used to identify risk
factors independently associated with survival outcomes. The results are reported as hazard ratios
(HRs) with 95%ClIs. Disease-free survival (DFS) was calculated from the date of surgery to recurrence or
death from any cause. Overall survival (OS) was the duration between the date of surgery to death. All
patients alive were censored at the date of the last follow-up. All tests were two-sided, and P < 0.05 was
considered statistically significant. Statistical analyses were performed using SPSS software, version 20.0
(SPSS Inc, Chicago, IL).

RESULTS

Population description
During the selected period, 718 patients underwent radical gastrectomy with curative intent. Among
them, 189 (26.3%) patients received perioperative RBC transfusion (RBC transfusion group). The
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Table 1 Clinical characteristics of patients according to perioperative red blood cell transfusion

. Non-transfusion Red blood cell transfusion
Variable P value
n=529 (%) n =189 (%)
Sex 0.318
Female 215 (40.6) 69 (36.5)
Male 314 (59.4) 120 (63.5)
Age (yr), mean + SD 613+124 65.6+11.6 <0.001
Body mass index (kg/m?), mean + SD 246 +4.6 23.7+11.6 0.019
Hemoglobin (g/dL), mean + SD 125+21 10.8+22 <0.001
Albumin (g/dL), mean + SD 40+0.6 3.7+0.7 <0.001
Neutrophil-lymphocyte ratio, mean + SD 2.65+2.77 3.26 +2.75 0.010
American Society of Anesthesiologists <0.001
/1 404 (76.4) 11 (58.7)
11/1v 125 (23.6) 78 (41.3)
Charlson-Deyo comorbidity index 0.014
0 360 (68.1) 110 (58.2)
21 169 (31.9) 79 (41.8)
Preoperative chemotherapy 0.095
No 237 (44.8) 98 (51.9)
Yes 292 (55.2) 91 (48.1)
A B
1.0 P < 0.001 1.0 P < 0.001
0.8 0.8 +
©
2 —
©
% 0.6 - = 0.6 +
9 2
= =
] ©
2 0.4 2 0.4 1
9 o
2
0.2 0.2
—r1Control group —I1Control group
0.0 |1 —rIRBC transfusions group 0.0 | —RBC transfusions group
T T T T T T T T T T T T
0 12 24 36 48 60 0 12 24 36 48 60
Time (mo) Time (mo)

DOI: 10.4240/wjgs.v15.i4.643 Copyright ©The Author(s) 2023.

Figure 1 Disease-free survival and overall survival of patients according to perioperative red blood cell transfusion. RBC: Red blood cell.

remaining 529 (73.6%) patients who did not receive any perioperative RBC formed the non-transfusion
group.

Among 189 patients who received RBC transfusion, 23 underwent transfusion in the intraoperative
period, 133 in the postoperative period, and 33 in both periods (intra and postoperative). Besides RBC
transfusion, FFP transfusions occurred in 12 patients (6.4%) and 2 patients (1.1%) also received PC
transfusion.

Patients in the RBC transfusion group had older age (P < 0.001), higher CCI (P = 0.014), ASA III/IV
score (P < 0.001), and lower BMI (P = 0.016) compared with patients who did not receive a transfusion.
Higher NLR (P = 0.010) and lower preoperative hemoglobin (P < 0.001) and albumin levels (P < 0.001)
were also associated with the RBC transfusions group. There was no difference regarding preoperative
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Table 2 Surgical and postoperative characteristics of patients according to perioperative red blood cell transfusion

Non-transfusion Red blood cell transfusion

Variable P value
n =529 (%) n >=189 (%)
Type of resection <0.001
Subtotal 337 (63.7) 91 (48.1)
Total 192 (36.3) 98 (51.9)
Surgical access <0.001
Open 396 (74.9) 168 (88.9)
Minimally invasive 133 (25.1) 21 (11.1)
Type of lymphadenectomy <0.001
D1 104 (19.7) 72 (38.1)
D2 425 (80.3) 117 (61.9)
Operation time (min), mean + SD 2435+74.3 246.6 £77.3 0.636
Intraoperative blood loss (mL), mean + SD 299.7 £336.7 342.0 £362.6 0.186
Intraoperative complications 0.209
No 508 (96.0) 178 (94.2)
Yes 21 (4.0) 11 (5.8)
Length of postoperative stay (d), mean + SD 10472 21.6+174 <0.001
Postoperative complications (Clavien-Dindo) <0.001
0/1/11 (minor) 488 (92.2) 112 (59.3)
II/1V/V (major) 41(7.8) 77 (40.7)
Adjuvant chemotherapy 0.001
No 287 (54.3) 129 (68.3)
Yes 242 (45.7) 60 (31.7)
Mortality
30-d 8 (1.5) 19 (10.1) <0.001
90-d 16 (3.1) 36 (19.0) <0.001
chemotherapy between the groups (P = 0.095). Complete clinical characteristics are demonstrated in
Table 1.
Regarding surgical procedures and postoperative features demonstrated in Table 2, total gastrectomy
(P <0.001) and open surgery (P < 0.001) were more frequent in the RBC transfusion group. There was
no difference regarding the duration of surgery (P = 0.636), intraoperative complications (P = 0.209), and
intraoperative blood loss (P = 0.186) between the two groups. Length of hospital stay was higher in the
transfusion group (10.4 d vs 21.6 d, P < 0.001). Considering the postoperative outcomes, the rates of POC
(P <0.001) and mortality at 30 and 90 d were significantly higher in the transfusion group (P < 0.001).
The pathological characteristics of the two groups are shown in Table 3. Larger tumor size (P < 0.001),
intestinal Lauren type (P = 0.002), pT3/T4 (P < 0.001), and advanced pathological TNM (pTNM) stages (
P < 0.001) were more frequent in the RBC transfusion group. The presence of lymphatic (P = 0.027),
vascular (P = 0.017), and perineural (P = 0.001) invasions was also associated with the transfusion group.
In multivariate analysis, low preoperative hemoglobin (P < 0.001), low albumin (P = 0.017), total
gastrectomy (P = 0.011), open surgical access (P = 0.034), and occurrence of major POC (P < 0.001) were
independent factors associated to a higher risk of receiving perioperative RBC transfusions (Table 4).
Survival analysis
The median follow-up time for the entire cohort of cases was 35.6 mo. During the follow-up period, 174
patients had disease recurrence and 261 died.
Patients who received perioperative RBC transfusions had worse DFS and OS than the non-
transfusion group (P < 0.001) (Figure 1). The median DFS and OS for the RBC transfusion group were
19.5 and 35.8 mo, respectively.
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Table 3 Pathological characteristics of patients according to perioperative red blood cell transfusion

Non-transfusion Red blood cell transfusion
Variable P value
n >= 529 (%) n=189 (%)
Tumor size (cm), mean + SD 43+26 6.0+3.6 <0.001
Tumor location 0.039
Lower 327 (61.8) 95 (50.3)
Middle 130 (24.6) 60 (31.7)
Upper 64 (12.2) 29 (15.3)
Diffuse 8 (1.5) 5(2.6)
Lauren histologic type' 0.002
Intestinal 276 (52.6) 124 (66.0)
Diffuse/mixed 249 (47.4) 64 (34.0)
Histological differentiation’ 0.056
Well/moderate 245 (46.7) 103 (54.8)
Poor 280 (53.3) 85 (45.2)
Lymphatic invasion 0.027
No 293 (55.4) 87 (46.0)
Yes 236 (44.6) 102 (54.0)
Vascular invasion 0.017
No 364 (68.8) 112 (59.3)
Yes 165 (31.2) 77 (40.7)
Perineural invasion 0.001
No 304 (57.5) 83 (43.9)
Yes 225 (42.5) 106 (56.1)
pT status <0.001
pT1/T2 248 (46.9) 54 (28.6)
pT3/T4 281 (53.1) 135 (71.4)
Lymph nodes harvested, mean + SD 415+194 39.2+19.5 0.175
PN status 0.126
pNO 244 (46.1) 75 (39.7)
pN+ 285 (53.9) 114 (60.3)
pTNM stage <0.001
I/11 329 (62.2) 86 (45.5)
11/1v 200 (37.8) 103 (54.5)

1This information was not available in 5 medical records.
PTNM: Pathological tumor node metastasis.

In multivariate analysis, total gastrectomy, more advanced pT stage, LN metastasis, D1 Lymphaden-
ectomy, the occurrence of POC, and perioperative RBC transfusion were independent factors associated
with worse DFS (Table 5).

ASA, type of gastrectomy, lymphadenectomy, pT, pN, POC, and perioperative RBC transfusion were
factors significantly associated with OS in the multivariate model (Table 5).

Perioperative RBC transfusion remained an independently associated risk factor for both DFS [hazard
ratio (HR) = 1.49, 95%CI: 1.14-1.94, P = 0.003] and OS (HR = 1.34, 95%CI: 1.02-1.77, P = 0.038).
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Table 4 Univariate and multivariate analyses of factors associated with risk of receiving perioperative red blood cell transfusion

Univariate Multivariate
Variable

OR 95%Cl Pvalue OR 95%Cl P value
Male vs female 1.19 0.85-1.68 0.319
Age > 65 yr vs <65 yr 1.48 1.06-2.07 0.02 1.2 0.79-1.81 0.394
Charlson>1vs 0 1.53 1.09-2.15 0.015 1.22 0.76-1.97 0.402
ASATII/IV vs I/1T 227 1.60-3.23 <0.001 1.18 0,72-1.94 0.507
HB <11 g/dLwvs>11g/dL 4.7 3.30-6.70 <0.001 4.32 2.76-6.78 <0.001
ALB<35g/dLvs23.5g/dL 3.49 2.29-5.31 <0.001 1.86 1.12-3.09 0.017
Total gastrectomy vs distal 1.89 1.35-2.65 <0.001 1.71 1.13-2.60 0.011
Open surgery vs MIS 2.69 1.64-4.41 <0.001 1.91 1.05-3.47 0.034
Major POC vs non/minor POC 8.18 5.32-12.59 <0.001 8.83 5.28-14.79 <0.001
Intraoperative intercurrence vs none 1.49 0.71-3.16 0.293

ASA: American Society of Anesthesiologists; OR: Odds ratio; HB: Serum hemoglobin; ALB: Serum albumin; MIS: Minimally invasive surgery; POC:
Postoperative complications.

DISCUSSION

During the progression of GC, cachexia and uncontrolled tumor bleeding may induce severe anemia
leading to life-threatening conditions and worse clinical outcomes. In this scenario, perioperative RBC
transfusion is indicated to improve performance and decrease morbidity in the postoperative period[4,
18,19]. On the other hand, recent advances in immunology have questioned the role of immunosup-
pression triggered by transfusion and its impact on tumor recurrence in gastrointestinal tract neoplasms
[20-22].

In our retrospective cohort composed of 718 patients, perioperative RBC transfusions were related to
worse DFS and OS. It is crucial to recognize expressive baseline differences between patients who
received RBC transfusions and those who did not. Patients in the transfusion group were older and
presented more unfavorable clinical conditions. Further, a higher frequency of total gastrectomy, open
surgery, and advanced tumors was observed in the transfusion group. Other studies also reported the
same heterogeneity noted in the analyzed population[9-11,23]. Even though, after multivariate analysis,
we found that perioperative RBC transfusion was an independent factor related to recurrence and
survival.

Although there is a vast amount of literature investigating the impact of blood components on the
oncologic prognosis of GC patients, the current data still present discordant results[11,24,25]. This
situation will probably be extended since it is difficult to perform a randomized controlled trial (RCT) in
this scenario since in many situations the need for transfusion is a life-threatening condition. Further,
most meta-analyses stress that current studies lack high-quality data[26]. In the recent retrospective
studies that found no impact of RBC transfusions on long-term survival, some of them applied
propensity-score matched analysis; however, preoperative hemoglobin and intraoperative blood loss
remain as factors that could not be matched between groups[11,27]. Despite the knowledge of the
relevance of anemia in the perioperative setting, conflicting data persist around the impact of intraop-
erative blood loss on OS and DFS of GC patients[28-30]. Grasso et al[31] carried out prospective studies
comparing different hemoglobin threshold values for the indication of transfusion may be an alternative
to define this issue.

The current hypothesis that explains the biological association between blood components and poorer
oncological outcomes is that transfusion-related immunomodulation (TRIM) acts as a propagating
factor for the TH2 immune response, favoring a pro-tumoral environment through inhibition of
interleukin (IL)-2 and stimulation of suppressor T cells, allowing tumor spread and recurrence[20-22].
The recent application of immunotherapy in gastrointestinal tract cancers provided additional data by
demonstrating that TRIM could be acting as an opponent and negatively impacting its effectiveness and
survival[32]. Another important topic related to the immune response is the data provided by Lange et
al[33] that showed no difference in using leukocyte depletion in long-term survival, underlining that
specific constituents of allogeneic blood may mediate the TRIM effect. This same result was detected
when RBC transfusions were applied to other neoplasms[34].

Preoperative hemoglobin and albumin were independent factors associated with RBC transfusions.
Since GC causes feeding and bleeding disturbances, aggressive protocols for improving hematologic
and nutritional preoperative status must be paramount in clinical compensation ahead of surgical
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Table 5 Univariate and multivariate analyses of factors associated with disease-free and overall survival

Univariate Multivariate
HR 95%Cl Pvalue HR 95%Cl Pvalue
Disease-free survival

Male vs female 1.27 0.99-1.62 0.051

Age 265 yr vs < 65 yr 125 0.99-1.57 0.059

Charlson>1vs 0 1.33 1.05-1.68 0.018 1.22 0.93-1.60 0.159
ASATII/IV vs I/11 1.83 1.44-2.33 <0.001 1.24 0.93-1.66 0.149
Total gastrectomy vs distal 1.77 1.41-2.33 <0.001 1.45 1.14-1.84 0.002
D1 vs D2 1.61 1.25-2.07 <0.001 14 1.06-1.85 0.017
pT3/T4 vs pT1/T2 2.87 2.19-3.76 <0.001 2.05 1.50-2.79 <0.001
pN+ vs pNO 2.81 2.17-3.65 <0.001 1.97 1.47-2.65 <0.001
Major POC vs non/minor POC 2.86 2.19-3.73 <0.001 2.15 1.62-2.86 <0.001
Non-CMT vs received CMT 1 0.79-1.26 0.995

Perioperative RBC transfusion vs non 2.39 1.88-3.02 <0.001 1.49 1.14-1.94 0.003

Overall survival

Male vs female 1.25 0.97-1.61 0.084

Age 2 65 yr vs <65 yr 141 1.11-1.80 0.006 1.24 0.95-1.61 0.113
Charlson>1vs 0 1.35 1.06-1.73 0.017 111 0.83-1.49 0.473
ASATII/TIV vs I/11 2.02 1.57-2.61 <0.001 1.36 1.01-1.85 0.048
Total gastrectomy vs distal 1.65 1.29-2.10 <0.001 1.33 1.03-1.71 0.027
Lymphadenectomy D1 vs D2 1.81 1.39-2.35 <0.001 1.51 1.11-2.05 0.008
pT3/T4vs pT1/T2 292 2.19-3.90 <0.001 219 1.57-3.06 <0.001
PN+ vs pNO 2.7 2.06-3.56 <0.001 1.87 1.37-2.56 <0.001
Major POC vs non/minor POC 3.33 2.53-4.38 <0.001 2.65 1.97-3.56 <0.001
Non-CMT vs received CMT 1.05 0.83-1.34 0.678

Perioperative RBC transfusion vs non 2.33 1.81-2.99 <0.001 1.34 1.02-1.77 0.038

ASA: American Society of Anesthesiologists; HR: Hazard ratio; POC: Postoperative complications; CMT: Chemotherapy; RBC: Red blood cell.

treatment. Current data support those policies in clinical and financial terms since Jericé et al[35]
demonstrated reduced direct and indirect spent resources, lower hospital length of stay, and
readmissions succeeding radical gastrectomy[36].

Interestingly, D1 lymphadenectomy was associated with worse DFS and OS. D2 lymphadenectomy is
considered a more aggressive procedure and the standard in GC treatment. However, even though 42%
of our population were composed of patients with more advanced stages III/IV, some of them did not
have the clinical conditions to perform D2 lymphadenectomy. So, the employment of D1 lymphaden-
ectomy rarely was an oncological indication as proposed in the 2018 JGCA guideline for GC treatment
[14]. It was mainly indicated for patients with unfavorable medical conditions to reduce POC and
mortality, as previously reported by our service[37].

Open surgical access was associated with the transfusion group. Minimally invasive surgery causes
less tissue damage to the abdominal wall with reports of less intraoperative blood loss on several RCTs
[38-40]. However, intraoperative blood loss, although higher in the transfusion group, did not show a
significant difference between our groups. Intraoperative blood loss is a variable that is difficult to
measure in clinical practice. The retrospective nature of the study also makes accurate measurement
difficult. Despite this possible bias, we also found that there was no difference between the groups in
the occurrence of intraoperative complications, a variable that is very well documented. Baiocchi et al
[15] reported a low 2% incidence of intraoperative complications in GC surgery. In our study, a 4.45%
incidence of intraoperative complications was reported, represented mainly by intraoperative bleeding.
Those numbers indicate adequate documentation of the intraoperative complications in our medical
reports and eventually, intraoperative blood loss did not differ between the groups. Therefore, our best
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efforts should focus on better patient perioperative management to avoid RBC transfusion[41].

Regarding POC, the multivariate analysis indicated that major POC presented the highest OR related
to RBC transfusion among the eight selected variables. It must also be emphasized that the transfusion
in the postoperative period was more frequent than in the pre and intraoperative periods. The
importance of POC was already stressed in 2020 through a meta-analysis evaluating their repercussions
on GC survival[42]. A plausible reason for cancer recurrence is the pro-inflammatory state caused by
surgical trauma, where IL-6 suppresses the specific and non-specific immune responses. This
mechanism could be synergically associated with IL-2 suppression caused by TRIM since a retrospective
analysis found a signature of cytokines (including IL-2 and IL-6) and angiogenic factors associated with
poor DFS and OS[43]. Further, POCs may prevent patients to return to the intended oncological
treatment, a known prognostic factor[44].

The performance of retrospective studies has some limitations inherent to its design. Despite the
relevant number of patients included for a Western center, the numerous variables evaluated are
confounding factors for the adequate definition of the association between RBC transfusion and
prognosis. We chose multivariate logistic regression to adjust the potential bias of covariates.
Ultimately, perioperative transfusion of RBC was an independent prognostic factor together with
known prognostic factors such as pTNM stage, demonstrating a good accuracy of the performed
analyses. As another limitation, we must point out that our data were collected over 13 years, so
variations and advances in oncological treatments and surgical techniques may cause additional hetero-
geneity.

CONCLUSION

In GC patients undergoing curative surgeries, poor clinical status, more extensive surgical procedures,
and advanced tumor stages are common features in patients receiving RBC transfusions. In addition to
being associated with higher rates of POC and mortality, receiving an RBC transfusion proves to be an
independent factor associated with worse survival.

ARTICLE HIGHLIGHTS

Research background
Anemia and intraoperative blood loss are frequent issues in gastric cancer (GC) surgical treatment. The
current literature still debates the impact of perioperative blood transfusion on GC survival.

Research motivation
Red blood cell (RBC) transfusions are sometimes required for patients undergoing surgery for GC.
However, the prognostic impact of perioperative RBC transfusion in GC is controversial.

Research objectives
We analyzed the influence of RBC transfusions on the prognosis of patients with gastric adenocar-
cinoma undergoing gastrectomy with curative intention.

Research methods

We retrospectively evaluated all GC patients who underwent gastrectomy between 2009 and 2021.
Patients were divided into transfusion group and non-transfusion group for analysis. RBC transfusions
that occurred intraoperatively and postoperatively within 30 d were considered.

Research results

A total of 718 patients were included, and 189 (26.3%) patients received RBC transfusions. Patients who
received transfusions had unfavorable clinical and pathological characteristics, and underwent more
extensive surgical procedures. Patients who received RBC transfusions had worse survival compared to
those who did not. In multivariate analysis, receiving an RCB transfusion was an independent factor
associated with poor disease-free survival (DFS) and overall survival (OS).

Research conclusions
Even though the patients who receive RCB transfusion have worse clinical conditions, we found that

perioperative transfusion represents an independent factor associated with poor prognosis, with worse
DFS and OS.

Research perspectives
The application of blood component transfusion in randomized clinical trials presents ethical
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limitations; however, the current design of retrospective studies still interferes with controlling
confounding factors. With this study, we endorse a favorable position for increasing preoperative and
postoperative care to avoid RBC transfusion. Further, our findings provide additional data for future
meta-analysis.
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