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Abstract: Background: Locally advanced esophageal cancer presents significant treatment challenges, with iron de-
ficiency anemia (IDA) potentially hindering the efficacy of neoadjuvant chemotherapy. This study aimed to evaluate 
the effect of preoperative red blood cell transfusion on tumor progression and chemotherapy response in patients 
with IDA. Methods: A retrospective cohort study was conducted at Shaanxi Provincial Cancer Hospital, involving 228 
patients with locally advanced esophageal cancer and IDA, from August 2015 to August 2021. Patients were divided 
into two groups: 106 patients received preoperative red blood cell transfusions, and 122 did not. All patients un-
derwent a standardized chemotherapy regimen followed by surgery. Hematological, immunological, and biochemi-
cal parameters, as well as chemotherapy-related adverse events, and survival outcomes were analyzed. Results: 
Preoperative transfusion significantly increased hemoglobin (Hb) levels (P < 0.05), enhanced immunological profiles 
(e.g., NK/T cell activity; P < 0.05), and reduced systemic inflammation (e.g., CRP; P < 0.05) after chemotherapy and 
operation. Overall survival and progression-free survival were notably better in the transfusion group (P = 0.002 and 
P = 0.012, respectively). Conclusion: Preoperative red blood cell transfusion improves hematological and immuno-
logical parameters and enhances survival outcomes in patients with locally advanced esophageal cancer and IDA.

Keywords: Esophageal cancer, iron deficiency anemia, neoadjuvant chemotherapy, red blood cell transfusion, 
treatment efficacy, survival outcomes

Introduction

Esophageal cancer ranks among the ten most 
prevalent malignancies globally and remains a 
major cause of cancer-related mortality, with 
marked geographical variations in incidence 
[1]. Squamous cell carcinoma and adenocarci-
noma are the predominant subtypes, each with 
unique clinical progression and therapeutic 
response [2]. Despite advances in multimodal 
therapy, the prognosis for locally advanced 
esophageal cancer remains poor, often due to 
late-stage diagnosis and metastasis [3-5]. In 
response to this, neoadjuvant chemotherapy, 
represented by platinum-based regimens, has 
become a critical intervention to downstage 
tumors and improve surgical outcomes [6, 7]. 

However, treatment success is strongly influ-
enced by the patient’s hematological status. 
Substantial evidence indicates that iron defi-
ciency anemia (IDA) impairs chemotherapy effi-
cacy by inducing tumor hypoxia, which promotes 
resistance to platinum-based agents [8, 9]. 
Hypoxia-driven upregulation of hypoxia-induc-
ible factor 1α (HIF-1α) further impairs drug 
uptake and DNA damage response [10, 11]. 
Moreover, anemia, frequently observed in can-
cer patients, exacerbates fatigue, reduces qual-
ity of life, and diminishes treatment responsive-
ness [12, 13]. Iron deficiency, primarily due to 
chronic blood loss, nutritional deficits, and 
inflammation-related changes in iron metabo-
lism, is the leading cause of ADA in esophageal 
cancer patients [14].
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The implications of anemia in cancer therapy 
extend beyond quality-of-life considerations; 
substantial evidence suggests that anemia can 
negatively influence treatment outcomes [15]. 
Hypoxia, secondary to reduced hemoglobin 
(Hb) concentrations, enhances tumor aggres-
siveness and resistance to cytotoxic agents, 
including chemotherapy drugs [16]. Hb is cru-
cial for oxygen transport, and its deficiency can 
foster hypoxic conditions in tumor microenvi-
ronments, thereby diminishing the efficacy of 
standard therapeutic agents [17]. Iron deficien-
cy affects 20-45% of esophageal cancer pa- 
tients, primarily due to chronic blood loss and 
malnutrition [18, 19]. This study focuses on 
locally advanced stages (IIa-IIIb), in which ane-
mia correction may be most impactful, as 
tumors remain operable yet exhibit high biologi-
cal aggressiveness [8]. IDA exacerbates treat-
ment resistance in this subgroup, making early 
intervention crucial [8, 20]. Consequently, opti-
mizing Hb levels through strategies such as red 
blood cell transfusion may therefore mitigate 
hypoxia and enhance tumor sensitivity to anti-
cancer treatments.

Preoperative red blood cell transfusion is 
intended to correct anemia before initiating 
multimodal treatment [21]. This intervention is 
hypothesized not only to restore oxygen-carry-
ing capacity but also to improve immunologic 
profiles, thereby preparing patients for neoad-
juvant chemotherapy and subsequent surgery 
[22-24]. However, potential concerns, such as 
immune modulation, infection risk, and unclear 
long-term survival, necessitate careful evalua-
tion of transfusion benefits versus risks [8, 25].

Although prior studies have established asso-
ciations between anemia, hypoxia, and chemo-
therapy resistance [26-28], the specific impact 
of preoperative red blood cell transfusion on 
treatment response and survival in patients 
with locally advanced esophageal cancer and 
IDA, particularly regarding immunomodulatory 
mechanisms during neoadjuvant therapy, re- 
main unclear [29, 30]. Addressing these gaps, 
this study aims to investigate the influence of 
preoperative red blood cell transfusion on dis-
ease progression and treatment response in 
this patient population.

Methods

Study design

This retrospective cohort study included 228 
patients diagnosed with locally advanced 

esophageal cancer with IDA, who were treated 
at Shaanxi Provincial Cancer Hospital between 
August 2015 and August 2021. Demographic 
information was systematically collected from 
the patients’ medical records. Given that this 
retrospective study used de-identified patient 
data, which poses no potential harm to partici-
pants, the requirement for informed consent 
was waived. Both the waiver and the study pro-
tocol were approved by the institutional ethics 
committee of Shaanxi Provincial Cancer Hos- 
pital, adhering to pertinent regulatory and ethi-
cal standards.

Case selection

Inclusion criteria: (1) Aged 40-75 years, corre-
sponding to the peak incidence of esophageal 
cancer and reducing confounding from age-
related comorbidities (e.g., frailty, cardiovascu-
lar disease) that could independently affect 
treatment tolerance or outcomes; (2) Patho- 
logically confirmed locally advanced esopha-
geal cancer (clinical stage IIa, IIIa, or IIIb) [31]; 
(3) Diagnosis of IDA (Hb < 13 g/dL for males; 
Hb < 12 g/dL for females) [32]; (4) Completion 
of two cycles of neoadjuvant chemotherapy fol-
lowed by thoracoscopic-laparoscopic radical 
esophagectomy.

Exclusion Criteria: (1) Severe cardiopulmonary 
dysfunction; (2) Inability to tolerate intravenous 
chemotherapy; (3) Presence of other significant 
comorbidities, such as unstable cardiac dis-
ease requiring treatment, major neurological 
disorders, or relevant psychiatric conditions; (4) 
Intraoperative transfusion exceeding 2 units of 
RBCs (to minimize confounding effects of peri-
operative blood loss); (5) Alteration of the pre-
defined chemotherapy regimen; (6) Receipt of 
combination therapies such as targeted thera-
py; (7) Prior chemotherapy or chemoradiothera-
py regimens before surgery; (8) Incomplete 
data available during case collection.

Patients were categorized into two groups 
based on preoperative red blood cell transfu-
sions, as documented in their medical records: 
the transfusion group (n = 106) and the non-
transfusion group (n = 122). Patients in the 
non-transfusion group did not receive any red 
blood cell transfusions from the initiation of 
neoadjuvant chemotherapy to the time of sur-
gery (excluding intraoperative transfusion). In 
contrast, patients in the transfusion group 
received at least one red blood cell transfusion 
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both before neoadjuvant chemotherapy and 
before surgery.

Transfusion indications followed established 
clinical guidelines for preoperative anemia 
management [33]. Specifically, hemoglobin lev-
els below 7 g/dL necessitated transfusion; lev-
els above 10 g/dL did not warrant transfusion 
unless symptomatic or at high surgical risk. For 
patients with Hb levels between 7-10 g/dL, the 
transfusion decision was based on comprehen-
sive clinical evaluation, including symptoms 
such as fatigue or dyspnea, anticipated surgi-
cal risk, and overall health status. This protocol 
ensured adherence to current clinical stan-
dards and best practices. The study design 
flowchart is shown in Figure 1.

Treatment methods

Both groups of patients underwent a standard-
ized regimen of neoadjuvant chemotherapy 
combined with surgical treatment. The protocol 
was as follows: on days 1, 3, and 5, patients 
received an intravenous infusion of 100 mg/ 
m2 of Etoposide (Jiangsu Hengrui Medicine  
Co., Ltd., National Medicine Standard H3202- 
5583); from days 1 to 5, an intravenous injec-
tion of 1000 mg/m2 of 5-Fluorouracil (Shanghai 
Xudong Haipu Pharmaceutical Co., Ltd., Na- 
tional Medicine Standard H31020593) was 
administered; Additionally, on day 1, patients 

after. Given the three-year follow-up duration, 
assessments were conducted every 3 to 6 
months from the first through the third postop-
erative year. Follow-up data were collected 
through outpatient and inpatient records, medi-
cal records from external hospitals, and sched-
uled follow-up visits. These evaluations were 
aimed at monitoring the patients’ survival sta-
tus and disease progression. The final follow-up 
date was August 20, 2024.

Data collection

(1) Baseline Data: Baseline demographic infor-
mation for all enrolled patients was obtained 
from the medical record system.

(2) Laboratory Testing: Blood samples (5 mL) 
were collected at three time points: baseline 
(T0), seven days after completion of neoadju-
vant chemotherapy (T1), and postoperative day 
7 (T2). Laboratory parameters at T1 and T2 
were derived from standardized institutional 
protocols requiring routine blood testing at 
these intervals. Deviations of ± 2 days were 
permitted for logistical reasons (e.g., weekend 
delays). Missing data (< 5% at T1/T2) were 
imputed using the last-observation-carried-for-
ward (LOCF) method to minimize attrition bias. 
Each sample consisted of 5 mL of venous blood 
obtained via venipuncture.

Figure 1. Study design flowchart. IDA: iron deficiency anemia.

received an intravenous in- 
fusion of 100 mg/m2 of Cis- 
platin (Jiangsu Hansoh Phar- 
maceutical Group Co., Ltd., 
National Medicine Standa- 
rd H20040813). Each treat-
ment cycle lasted four weeks, 
and all patients completed 
two consecutive cycles. Radi- 
cal esophagectomy was per-
formed via thoracoscopic-
laparoscopic approach within 
4 to 6 weeks after the com-
pletion of the final chemo-
therapy cycle.

Follow-up

Follow-up evaluations were 
initiated 4 to 8 weeks after 
the completion of the final 
treatment and were conduct-
ed every 1 to 3 months there-
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Hematological parameters: Hb levels and red 
blood cell count (RBC) were measured using a 
Mindray BC-6800 automated hematology ana-
lyzer (Mindray, China).

Immunology parameters: Natural killer (NK) 
cells and T cells (CD3+ cells) were analyzed by 
flow cytometry using a Wellgrow Easycell 206Al 
flow cytometer. Lymphocyte subsets were iden-
tified using monoclonal antibodies conjugated 
to fluorochromes, specifically anti-CD3 FITC 
and anti-CD16/CD56 PE (BD Biosciences, 
USA).

Biochemical parameters: Ferritin, albumin, C- 
reactive protein (CRP), alanine aminotransfer-
ase (ALT), aspartate aminotransferase (AST), 
and creatinine levels were measured using  
the AU5800 automatic biochemical analyzer 
(Olympus, Japan). Ferritin concentrations were 
specifically quantified using an automatic  
chemiluminescence instrument (New Industry 
MAGLUMI X8, China).

(3) Documentation of Chemotherapy-related 
Adverse Events: The incidence of chemothera-
py-related adverse events was recorded and 
graded according to the Common Terminology 
Criteria for Adverse Events (CTCAE) version 5.0 
[34]. The primary adverse events monitored 
included gastrointestinal reactions, bone mar-
row suppression, hepatic and renal dysfunc-
tion, hypertension, and hypothyroidism.

(4) Recent Clinical Efficacy Evaluation: The clini-
cal efficacy of the neoadjuvant therapy in both 
patient groups was assessed 3-4 weeks after 
the completion of two chemotherapy cycles 
using the Response Evaluation Criteria In  
Solid Tumors (RECIST) version 1.1 [35]. Tumor 
response was categorized as complete res- 
ponse (CR), partial response (PR), stable dis-
ease (SD), or progressive disease (PD).

(5) Survival Analysis: Patients were followed 
until death or the study end date, with survival 
outcomes documented in accordance with the 
CAP/NCCN guidelines for esophageal cancer 
[36]. Overall Survival (OS) and Progression-Free 
Survival (PFS) were calculated as key survival 
endpoints.

Statistical method

Data analysis was performed using SPSS 29.0 
(SPSS Inc., Chicago, IL, USA). Continuous vari-

ables were expressed as mean ± standard 
deviation for normally distributed data or medi-
an (interquartile range) for non-normally distrib-
uted data. Group comparisons were performed 
using independent-sample t-tests or Mann-
Whitney U tests, as appropriate. Categorical 
variables were presented as frequencies (%) 
and analyzed using χ2. Spearman’s rank corre-
lation was used to assess the relationships 
between preoperative transfusion and clinical 
outcomes.

Multivariate regression analysis was conducted 
to adjust for potential confounders. For short-
term clinical efficacy (CR/PR vs. SD/PD), binary 
logistic regression was used. For survival out-
comes (OS and PFS), Cox proportional hazards 
models were used. Variables included in the 
regression models were selected based on clin-
ical relevance and biological plausibility: (1) 
Demographic/clinical variables: Age (continu-
ous), sex (male vs. female), body mass index 
(BMI; continuous), clinical stage (IIIb vs. IIa/IIIa). 
(2) Treatment-related variables: Preoperative 
transfusion (yes/no). (3) Laboratory parame-
ters: ΔHb (post-chemotherapy Hb at T1 - base-
line Hb at T0), ΔCRP (post-chemotherapy CRP 
at T1 - baseline CRP at T0), ΔNK cells (T1 - T0), 
ΔT cells (T1 - T0). (4) Interaction term: Preope- 
rative transfusion × ΔHb (to assess effect 
modification).

ΔHb reflects oxygenation improvement poten-
tially linked to chemo-sensitization [37]; ΔCRP 
quantifies systemic inflammation, which pro-
motes tumor progression [38]; ΔNK/ΔT cells 
capture transfusion-induced immunomodula-
tory effects, as NK and T cells mediate antitu-
mor responses [39]. Proportional hazards 
assumptions for Cox models were verified using 
Schoenfeld residuals. Results were reported as 
odds ratios (OR) or hazard ratios (HR) with 95% 
confidence intervals (CI). A two-tailed P < 0.05 
was considered statistically significant.

Results

Baseline demographic and clinical character-
istics

Comparison of baseline demographics and clin-
ical characteristics revealed no statistical dif-
ferences between the transfusion and non-
transfusion groups, including age, gender, BMI, 
education, employment, marital status, resi-
dence, lifestyle habits, tumor histology, lesion 
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location, and clinical stage (all P > 0.05; Table 
1). Intraoperative transfusion rates were also 
comparable between the two groups (19.67% 
vs. 16.98%, P = 0.601).

Changes in hematological and immunological 
parameters

The transfusion group demonstrated signifi-
cantly higher post-chemotherapy Hb (T1: 13.68 
vs. 11.86 g/dL, P < 0.001) and RBC levels (T1: 
4.73 vs. 4.15 × 1012/L, P < 0.001) compared  
to the non-transfusion group (Table 2; Figure 
2). Additionally, NK and T cell percentages in- 

creased significantly in the transfusion group 
after intervention (all P < 0.05). These findings 
suggest that preoperative red blood cell trans-
fusion was associated with improved hemato-
logical and immunological profiles in patients 
undergoing neoadjuvant chemotherapy for 
locally advanced esophageal cancer.

Changes in disease-related biochemical pa-
rameters

Ferritin and albumin levels were significantly 
higher, while CRP levels lower, in the transfu-

Table 1. Comparison of baseline demographic and clinical characteristics between the two groups

Parameters Non-transfusion group  
(n = 122)

Transfusion group  
(n = 106) t/χ2 P

Age (years) 57.43 ± 7.27 58.12 ± 7.04 0.731 0.466
Gender (Male/Female) 83/39 74/32 0.084 0.772
BMI (kg/m2) 23.46 ± 3.52 23.89 ± 3.67 0.891 0.374
Education Level [n (%)] 0.188 0.910
    Primary or below 27 (22.13%) 24 (22.64%)
    Secondary School 62 (50.82%) 51 (48.11%)
    College or above 33 (27.05%) 31 (29.24%)
Employment Status [n (%)] 0.020 0.887
    Employed 76 (62.30%) 67 (63.21%)
    Unemployed 46 (37.70%) 39 (36.79%)
Marital Status [n (%)] 0.108 0.947
    Married 98 (80.33%) 84 (79.24%)
    Single 14 (11.48%) 12 (11.32%)
    Divorced 10 (8.19%) 10 (9.43%)
Current Residence [n (%)] 0.000 0.991
    Urban 68 (55.74%) 59 (55.66%)
    Rural 54 (44.26%) 47 (44.34%)
History of Alcohol Consumption (Yes/No) 45/77 41/65 0.078 0.78
History of Smoking (Yes/No) 52/70 48/58 0.163 0.686
Histological Type [n (%)] 0.095 0.953
    Squamous Cell Carcinoma 96 (78.69%) 82 (77.36%)
    Adenocarcinoma 20 (16.39%) 19 (17.92%)
    Adenosquamous Carcinoma 6 (4.92%) 5 (4.72%)
Location of Lesion [n (%)] 0.015 0.992
    Upper Thoracic Segment 20 (16.39%) 18 (16.98%)
    Middle Thoracic Segment 60 (49.18%) 52 (49.06%)
    Lower Thoracic Segment 42 (34.43%) 36 (33.96%)
Clinical Stage [n (%)] 0.015 0.992
    IIa 26 (21.31%) 23 (21.70%)
    IIIa 49 (40.16%) 43 (40.57%)
    IIIb 47 (38.52%) 40 (37.74%)
Intraoperative Transfusion [n (%)] 24 (19.67%) 18 (16.98%) 0.273 0.601
Note: BMI: Body Mass Index.
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sion group after intervention (all P < 0.05; Table 
3; Figure 3). ALT, AST, and creatinine levels 
were comparable between groups (all P > 0.05). 
Collectively, preoperative transfusion improved 
markers of nutritional and inflammatory status 

fusion group and 8.49% in the transfusion 
group (χ2 = 0.097, P = 0.756). Lastly, hypothy-
roidism occurred in 7.38% in the non-transfu-
sion group versus 9.43% in the transfusion 
group (χ2 = 0.314, P = 0.575). These findings 

Table 2. Comparison of hematological and immunological parameters between the two groups

Parameters Time Non-transfusion group 
(n = 122)

Transfusion group 
(n = 106) t P

Hematology
    Hb (g/dL) T0 11.91 ± 1.52 11.86 ± 1.47 0.233 0.816

T1 11.86 ± 1.51 13.68 ± 1.34 9.549 < 0.001
T2 11.35 ± 1.64 13.02 ± 1.48 8.008 < 0.001

    RBC (× 10^12/L) T0 4.16 ± 0.55 4.12 ± 0.52 0.594 0.553
T1 4.15 ± 0.57 4.73 ± 0.51 8.136 < 0.001
T2 3.98 ± 0.61 4.52 ± 0.56 6.848 < 0.001

Immunology
    NK Cells (% of lymphocytes) T0 12.48 ± 3.62 12.55 ± 3.58 0.145 0.884

T1 12.52 ± 3.41 13.97 ± 3.45 3.187 0.002
T2 10.98 ± 3.78 12.23 ± 3.52 2.581 0.010

    T Cells (CD3+ cells, % of lymphocytes) T0 67.34 ± 8.52 67.51 ± 8.47 0.158 0.875
T1 66.42 ± 8.58 69.29 ± 8.34 2.548 0.012
T2 64.87 ± 8.74 67.15 ± 8.51 1.994 0.047

Note: Hb: Hemoglobin; RBC: Red Blood Cells; NK Cells: Natural Killer Cells; T0: Baseline, measurements taken before neoadju-
vant chemotherapy; T1: Measurements taken 7 days after neoadjuvant chemotherapy; T2: Measurements taken on postopera-
tive day 7.

without adversely affecting 
hepatic or renal function.

Incidence of chemotherapy-
related adverse reactions 
during neoadjuvant treat-
ment

The incidence of myelosup-
pression was 10.66% in the 
non-transfusion group and 
12.26% of the transfusion 
group (χ2 = 0.145, P = 0.703) 
(Table 4). Gastrointestinal 
reactions were reported in 
9.84% of patients in the non-
transfusion group compared 
to 11.32% in the transfusion 
group (χ2 = 0.133, P = 0.716). 
The incidence of hepatic and 
renal dysfunction was 9.84% 
in the non-transfusion group 
and 11.32% for the transfu-
sion group (χ2 = 0.133, P = 
0.716). Hypertension was no- 
ted in 7.38% in the non-trans-

Figure 2. Comparison of hematological and immunological parameters be-
tween the two groups. A: Hb (g/dL); B: RBC (× 10^12/L); C: NK Cells (% of 
lymphocytes); D: T Cells (CD3+ cells, % of lymphocytes). Hb: Hemoglobin; 
RBC: Red Blood Cells; NK Cells: Natural Killer Cells; T1: Measurements taken 
7 days after neoadjuvant chemotherapy; T2: Measurements taken on post-
operative day 7; ns: No significant difference; *: P < 0.05; **: P < 0.01; ***: 
P < 0.001.
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suggest that preoperative red blood cell trans-
fusion did not significantly increase the risk of 

chemotherapy-related adverse reactions dur-
ing neoadjuvant treatment.

Table 3. Comparison of disease-related biochemical parameters between the two groups

Parameters Time Non-transfusion group  
(n = 122)

Preoperative Transfusion group  
(n = 106) t P

Ferritin (ng/mL) T0 29.54 ± 10.45 29.78 ± 10.63 0.167 0.867
T1 29.87 ± 10.72 76.34 ± 20.48 20.995 < 0.001
T2 28.15 ± 11.02 72.46 ± 19.87 20.399 < 0.001

Albumin (g/dL) T0 3.87 ± 0.35 3.89 ± 0.36 0.44 0.660
T1 3.88 ± 0.37 4.12 ± 0.34 5.192 < 0.001
T2 3.76 ± 0.41 4.01 ± 0.38 4.763 < 0.001

CRP (mg/L) T0 6.67 ± 3.21 6.72 ± 3.28 0.125 0.901
T1 6.71 ± 3.34 5.85 ± 2.17 2.332 0.021
T2 7.82 ± 3.16 6.13 ± 2.24 4.691 < 0.001

ALT (U/L) T0 28.45 ± 10.23 28.67 ± 10.41 0.161 0.873
T1 28.57 ± 10.54 29.34 ± 10.62 0.549 0.583
T2 30.12 ± 11.07 29.85 ± 10.78 0.191 0.849

AST (U/L) T0 32.54 ± 11.32 32.78 ± 11.54 0.158 0.874
T1 32.67 ± 11.65 33.45 ± 11.78 0.502 0.616
T2 34.12 ± 12.04 33.85 ± 11.87 0.167 0.867

Creatinine (mg/dL) T0 0.92 ± 0.18 0.93 ± 0.19 0.456 0.649
T1 0.93 ± 0.19 0.95 ± 0.20 0.709 0.479
T2 0.91 ± 0.20 0.94 ± 0.21 1.157 0.248

Note: CRP: C-reactive Protein; ALT: Alanine Aminotransferase; AST: Aspartate Aminotransferase; T0: Baseline, measurements 
taken before neoadjuvant chemotherapy; T1: Measurements taken 7 days after neoadjuvant chemotherapy; T2: Measure-
ments taken on postoperative day 7.

Figure 3. Comparison of disease-related biochemical parameters between the two groups. A: Ferritin (ng/mL); B: 
Albumin (g/dL); C: CRP (mg/L); D: ALT (U/L); E: AST (U/L); F: Creatinine (mg/dL). CRP: C-reactive Protein; ALT: Ala-
nine Aminotransferase; AST: Aspartate Aminotransferase; T0: Baseline, measurements taken before neoadjuvant 
chemotherapy; T1: Measurements taken 7 days after neoadjuvant chemotherapy; T2: Measurements taken on 
postoperative day 7; ns: No significant difference; *: P < 0.05; ***: P < 0.001.
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Table 4. Comparison of chemotherapy-related adverse reactions during neoadjuvant treatment be-
tween the two groups

Parameters Non-transfusion group  
(n = 122)

Transfusion group  
(n = 106) χ2 P

Myelosuppression 13 (10.66%) 13 (12.26%) 0.145 0.703
Gastrointestinal reactions 12 (9.84%) 12 (11.32%) 0.133 0.716
Hepatic and renal dysfunction 12 (9.84%) 12 (11.32%) 0.133 0.716
Hypertension 9 (7.38%) 9 (8.49%) 0.097 0.756
Hypothyroidism 9 (7.38%) 10 (9.43%) 0.314 0.575

Table 5. Comparison of short-term clinical efficacy between the two groups
Parameters Non-transfusion group (n = 122) Transfusion group (n = 106) χ2 P
Recent clinical efficacy 10.159 0.017
    CR 10 (8.20%) 12 (11.32%)
    PR 44 (36.07%) 57 (53.77%)
    SD 56 (45.90%) 29 (27.36%)
    PD 12 (9.84%) 8 (7.55%)
Note: CR: Complete Response; PR: Partial Response; SD: Stable Disease; PD: Progressive Disease.

Figure 4. Kaplan-Meier Overall Survival (OS) curves stratified by preoperative 
transfusion. The shaded regions represent 95% confidence intervals.

Short-term clinical efficacy evaluation after 
neoadjuvant chemotherapy

In the transfusion group, 11.32% of patients 
achieved a CR, compared to 8.20% in the non-
transfusion group (Table 5). PR rates were 
53.77% in the transfusion group, notably higher 
than 36.07% in the non-transfusion cohort. 
Conversely, 45.90% of the patients in the non-
transfusion group experienced SD, compared 
to 27.36% in the transfusion group. PD was 
observed in 9.84% of non-transfusion pa- 
tients and 7.55% of those in the transfusion 
cohort.

The short-term clinical efficacy, assessed  
two weeks after completion of neoadjuvant 

ference in OS between the transfusion and 
non-transfusion groups (P = 0.002) (Figure 4). 
The mean OS was 26.91 ± 5.18 months in the 
transfusion group compared to 24.74 ± 5.32 
months in the non-transfusion group. Survival 
curves, stratified by transfusion status, consis-
tently showed improved longevity in the trans-
fusion cohort.

Patients in the preoperative transfusion group 
had a mean PFS of 19.92 ± 4.58 months, sig-
nificantly longer than 18.43 ± 4.26 months in 
the non-transfusion group (t = 2.531, P = 0.012 
(Figure 5). These results suggest that preoper-
ative red blood cell transfusion may extend the 
period of disease control and improve long-
term outcomes in patients with locally advanced 

chemotherapy, demonstrat-
ed a significant difference 
between the two groups  
(χ2 = 10.159, P = 0.017). 
These results indicate that 
preoperative red blood cell 
transfusion was associated 
with improved short-term 
tumor response in patients 
with locally advanced esoph-
ageal cancer.

Postoperative survival analy-
sis

Kaplan-Meier survival analy-
sis revealed a significant dif-
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Discussion

One of the most notable findings of this study 
was the beneficial effect of preoperative red 
blood cell transfusion on hematological and 
immunological parameters. The transfusion 
group exhibited increased Hb and red blood 
cell levels post-transfusion, which likely impro- 
ved tissue oxygen delivery and enhanced the 
efficacy of neoadjuvant chemotherapy. Hypoxia 
within tumor microenvironment is well-docu-
mented to promote resistance to therapies, as 
adequate oxygenation is crucial for the bioac-
tivity of many chemotherapeutic agents [40-
42]. By ameliorating anemia-related hypoxia, 
transfusions could disrupt hypoxia-mediated 
pathways that facilitate tumor survival and che-
moresistance [43, 44]. This improvement in 
oxygenation could enhance the cytotoxicity of 
chemotherapeutic agents such as Etoposide, 
5-Fluorouracil, and Cisplatin, thereby potentiat-
ing tumor cell kill and improving treatment 
responses as observed in the increased rates 
of CR and PR in the transfusion group.

Moreover, beyond hematological improve-
ments, red blood cell transfusions was associ-
ated with improved immunological parameters, 
particularly enhancing NK cell and T cell (CD3+) 
activity. These immune subsets play pivotal 
roles in cancer surveillance and mediating 
response to immunogenic treatments. Iron defi-
ciency has been associated with impaired 
immune function; hence, correction of anemia 
may restore effective immune surveillance and 
antitumor immune responses during chemo-
therapy [44-46]. Recent studies have shown 
that iron deficiency reduces the expression of 

Figure 5. Kaplan-Meier Progression-Free Survival (PFS) curves stratified by 
preoperative transfusion. The shaded regions represent 95% confidence in-
tervals.

esophageal cancer undergoing neoadjuvant 
chemotherapy.

Correlation analysis

Spearman correlation analysis revealed a mod-
erate positive correlation between preopera-
tive transfusion and short-term clinical efficacy 
(rho = 0.184, P = 0.005), indicating that trans-
fusion may enhance the immediate response 
to neoadjuvant chemotherapy (Figure 6). Fur- 
thermore, transfusion was significantly corre-
lated with OS (rho = 0.194, P = 0.003) and PFS 
(rho = 0.162, P = 0.014), suggesting potential 
benefits in both survival duration and disease 
control. These findings collectively emphasize 
the benefits of correcting IDA through preoper-
ative red blood cell transfusion on treatment 
response and survival outcomes.

Multivariable analysis of factors associated 
with treatment response and survival

Logistic regression demonstrated that preop-
erative transfusion (OR = 2.412, 95% CI: 1.307-
4.452, P = 0.005) and ΔHb (OR = 1.148 per 1 
g/dL increase, 95% CI: 1.032-1.278, P = 0.011) 
were independently associated with improved 
short-term clinical efficacy (CR/PR vs. SD/PD) 
after adjusting for age, sex, BMI, and clinical 
stage, while advanced clinical stage (IIIb) was 
inversely correlated with treatment response 
(OR = 0.482, 95% CI: 0.263-0.884, P = 0.018) 
(Table 6).

Cox proportional hazards analysis identified 
preoperative transfusion (HR = 0.537, 95% CI: 
0.374-0.772, P = 0.001) and ΔHb (HR = 0.892 
per 1 g/dL increase, 95% CI: 0.813-0.979, P = 
0.016) as protective factors. In contrast, 

advanced stage (IIIb) (HR = 
1.824, 95% CI: 1.221-2.725, 
P = 0.003) and elevated 
ΔCRP (HR = 1.102 per 1 mg/ 
L increase, 95% CI: 1.018-
1.193, P = 0.015) predicted 
worse survival (Table 7). Si- 
milar trends were observed 
for PFS, with preoperative 
transfusion (HR = 0.621,  
95% CI: 0.452-0.853, P = 
0.003) and ΔHb (HR = 0.921, 
95% CI: 0.857-0.989, P = 
0.024) associated with redu- 
ced risk of disease progre- 
ssion.
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co-stimulatory molecules on immune cells, 
impairing their activation and cytotoxicity [47, 
48]. Additionally, iron deficiency alters cytokine 
production, leading to suboptimal immune re- 
sponses [49]. The observed increase in immu- 
ne cell percentages post-transfusion aligns 

with these hypotheses, suggesting that trans-
fusions not only mitigate functional iron defi-
ciency but also restore immune competence 
that commonly compromised in anemic cancer 
patients. For instance, a study by Aguilar-
Nascimento et al. [50] demonstrated that cor-
recting anemia through transfusion improved 
the functionality of NK cells and CD8+ T cells in 
anemic cancer patients. Similarly, Rodgers et 
al. [51] reported that iron supplementation and 
subsequent correction of anemia enhanced T 
cell proliferation and cytokine production, fur-
ther supporting the immunoregulatory role of 
iron in antitumor responses.

Furthermore, the study also evaluated various 
biochemical parameters that serve as indica-
tors of systemic inflammation and nutritional 
status. The increase in ferritin levels following 
transfusion was consistent with the correction 
of iron deficiency, while the improved albumin 
levels suggest a favorable shift in nutritional 
status. Elevated albumin has been associated 
with improved surgical outcomes and reduced 

Figure 6. Correlation analysis of preoperative red 
blood cell transfusion with response to neoadju-
vant chemotherapy and survival status. A: Short-
term clinical efficacy; B: OS; C: PSF. OS: Overall Sur-
vival; PSF: Progression-Free Survival.

Table 6. Multivariable logistic regression for 
short-term clinical efficacy (CR/PR vs. SD/PD)
Variable OR 95% CI P
Age (per 1-year increase) 0.985 0.941-1.031 0.512
Male sex 1.204 0.693-2.092 0.509
BMI (per 1 kg/m2) 1.038 0.957-1.126 0.382
Clinical stage IIIb 0.482 0.263-0.884 0.018
Preoperative transfusion 2.412 1.307-4.452 0.005
ΔHb (per 1 g/dL) 1.148 1.032-1.278 0.011
ΔCRP (per 1 mg/L) 0.972 0.898-1.052 0.480
ΔNK cells (%) 1.021 0.962-1.083 0.491
ΔT cells (%) 1.015 0.978-1.053 0.433
Note: BMI: Body Mass Index; Hb: Hemoglobin; CRP: C-reactive 
Protein; NK Cells: Natural Killer Cells; ΔHb/ΔCRP/ΔNK/ΔT 
cells: T1 (post-chemotherapy) - T0 (baseline).
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complications, further underscoring the poten-
tial systemic benefits of transfusion in this 
patient cohort [50, 52]. Additionally, the reduc-
tion in CRP levels observed in the transfusion 
group indicates a decrease in systemic inflam-
mation, a factor frequently linked to improved 
treatment outcomes and reduced cancer pro-
gression risk. Together, reduced systemic in- 
flammation and improved nutritional status are 
possible mechanisms through which preopera-
tive transfusion exerts its beneficial effects, 
facilitating better responses to anticancer ther-
apies [53, 54].

Interestingly, despite the known risks associat-
ed with blood transfusion, such as potential 
immune modulation and an increased risk of 
infections, the incidence of chemotherapy-
related adverse effects did not significantly dif-
fer between the transfusion and non-transfu-
sion groups. This finding supports the safety 
and feasibility of employing transfusions as 
part of the preoperative optimization strategy 
for with locally advanced esophageal cancer 
and IDA. Nonetheless, larger, prospective stud-
ies are warranted to validate these safety pro-
file of transfusions and further delineate the 
long-term immunologic consequences of trans-
fusion in this context.

The observed improvements in OS and PFS in 
the transfusion group was particularly notewor-
thy, highlighting a potential clinical benefit that 
merits consideration in treatment planning. 
These survival advantages may be attributed to 
various factors, including enhanced chemo-
therapeutic efficacy via increased oxygen deliv-

ery, improved immune function, and other indi-
rect effects like better overall patient condition 
that allows for optimal dosing and timing of 
subsequent clinical interventions. Furthermore, 
the correlation analysis supports the notion 
that transfusions have a supportive role in 
maximizing the effectiveness of neoadjuvant 
chemotherapy, enabling patients to sustain 
better therapeutic outcomes over time.

Our findings contribute to the evolving under-
standing of anemia management in oncology 
by demonstrating that preoperative red blood 
cell transfusion not only alleviates anemia-
related symptoms but also enhances chemo-
therapy response and survival outcomes in 
locally advanced esophageal cancer. This 
aligns with recent studies highlighting anemia 
correction as a modulator of tumor hypoxia and 
immune function [8, 51, 55]. For instance, Lee 
et al. [56] reported that hemoglobin optimiza-
tion mitigates hypoxia-driven chemoresistance 
in breast cancer, while Watanabe et al. [57] 
demonstrated improved responses to immune 
checkpoint inhibitor in transfused patients. Our 
work extends these observations to esopha-
geal cancer, emphasizing anemia correction as 
a therapeutic adjunct rather than solely a sup-
portive measure.

While our study provides valuable insights into 
the role of preoperative red blood cell transfu-
sion in treating locally advanced esophageal 
cancer, several limitations should be acknowl-
edged. As a retrospective cohort study, inher-
ent selection bias may limit the generalizability 
of the findings. The analysis was confined to a 

Table 7. Multivariable cox regression for Overall Survival (OS) and Progression-Free Survival (PFS)

Variable
OS PFS

HR 95% CI P HR 95% CI P
Age (per 1-year) 1.012 0.975-1.051 0.539 1.008 0.971-1.047 0.672
Male sex 1.158 0.792-1.695 0.451 1.104 0.761-1.601 0.602
BMI (per 1 kg/m2) 0.972 0.912-1.036 0.385 0.984 0.926-1.046 0.612
Clinical stage IIIb 1.824 1.221-2.725 0.003 1.652 1.121-2.434 0.011
Preoperative transfusion 0.537 0.374-0.772 0.001 0.621 0.452-0.853 0.003
ΔHb (per 1 g/dL) 0.892 0.813-0.979 0.016 0.921 0.857-0.989 0.024
ΔCRP (per 1 mg/L) 1.102 1.018-1.193 0.015 1.075 0.998-1.158 0.058
ΔNK cells (%) 0.981 0.933-1.032 0.450 0.989 0.942-1.039 0.674
ΔT cells (%) 0.976 0.945-1.008 0.137 0.984 0.954-1.015 0.309
Note: BMI: Body Mass Index; Hb: Hemoglobin; CRP: C-reactive Protein; NK Cells: Natural Killer Cells; ΔHb/ΔCRP/ΔNK/ΔT cells: 
T1 (post-chemotherapy) - T0 (baseline).
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specific group of patients and may not be appli-
cable to broader populations with varying 
degrees of anemia or differing chemotherapy 
regimens. Additionally, this study lacks data on 
long-term outcomes and potential transfusion-
related complications, and potential confound-
ing factors, such as comorbidities and nu- 
tritional status, were not comprehensively 
addressed. Finally, the absence of a random-
ized controlled design precludes definitive con-
clusions regarding causal relationship between 
transfusion and improved treatment outcomes. 
Future prospective studies are needed address 
these limitations.

Conclusion

Preoperative red blood cell transfusion signifi-
cantly improves hematological parameters, 
immune function, and survival outcomes in 
patients with locally advanced esophageal can-
cer and iron deficiency anemia. These benefits 
likely arise from hypoxia mitigation, immune 
function restoration, and systemic inflamma-
tion reduction. While the retrospective design 
limits causal inference, our findings advocate 
for integrating anemia correction into multi-
modal treatment protocols. Prospective trials 
are needed to validate transfusion strategies 
and refine patient selection criteria.
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