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Abstract

Background and objective: Preoperative anemia is common in patients undergoing
radical cystectomy for bladder cancer, but its prevalence and impact on outcomes
remain poorly characterized across different health care settings. This study aims
to assess the prevalence of preoperative anemia, evaluate its current management
practices, and determine its association with postoperative and oncological out-
comes in patients undergoing radical cystectomy.
Methods: We retrospectively analyzed 4886 patients with nonmetastatic bladder
cancer who underwent radical cystectomy across 28 centers in 13 countries.
Multivariable regression models identified the predictors of preoperative hemoglo-
bin levels and postoperative blood transfusions. Survival outcomes were assessed
using Kaplan-Meier and Cox proportional hazards regression analyses.
Key findings and limitations: Preoperative anemia was present in 44% of women and
48% of men. Among anemic patients, 73% received no blood management interven-
tions. Higher hemoglobin levels before transurethral resection of a bladder tumor
correlated with higher levels before cystectomy and fewer postoperative blood
transfusions (odds ratio: 0.98, 95% confidence interval [CI]: 0.97-0.99, p < 0.001).
Higher preoperative hemoglobin levels were associated with lower 90-d mortality
rates (hazard ratio: 0.98, 95% CI: 0.97-0.99, p < 0.001) and independently predicted
reduced all-cause mortality, cancer-specific mortality, and disease relapse.
Conclusions and clinical implications: Preoperative anemia is prevalent and under-
treated in patients undergoing radical cystectomy, and is independently associated
with adverse perioperative and oncological outcomes. This highlights the need for
further research regarding the potential benefits of implementing systematic pre-
operative anemia management.
Patient summary: This study found that low blood counts before bladder removal
surgery are common, often untreated, and linked to worse outcomes. Early treat-
ment of low blood counts before surgery could improve results for patients.

© 2025 The Author(s). Published by Elsevier B.V. on behalf of European Association of

Urology. This is an open access article under the CC BY license (http://creativecommons.
org/licenses/by/4.0/).

1. Introduction

using folate, vitamin B12, iron, or erythropoietin (EPO) sup-
plementation before cystectomy is imperative.
We hypothesize that in a large patient cohort, preopera-

Anemia affects approximately 50% of oncological patients
and may arise due to the malignancy itself (eg, bleeding
from the tumor) or the treatment, including postoperative
bleeding after surgical interventions, such as transurethral
resection of the bladder tumor (TURBT) or radical cystec-
tomy, chemotherapy, radiation therapy, nutritional defi-
ciencies, hemolysis, endocrine disorders, or chronic
inflammatory diseases [1]. Single-institution studies have
reported anemia in 10-50% of patients scheduled for radical
cystectomy, suggesting associations between anemia or
blood transfusions and worse recurrence-free, cancer-
specific, and overall survival [2,3]. However, these findings
are limited by their single-center nature and sample sizes,
restricting adjustment for significant confounders [2,4].
Preoperative anemia and blood transfusions are linked to
increased postoperative complications affecting gastroin-
testinal, genitourinary, pulmonary, and renal systems, as
well as higher infection rates and health care costs [3,5-8].
Given the worldwide shortage of blood products, minimiza-
tion of transfusions through preventative anemia optimiza-
tion is crucial. Therefore, studying patient blood
management strategies to improve hemoglobin (Hb) levels

tive anemia will remain to have a significant negative impact
on perioperative outcomes after adjusting for possible con-
founders. To address the abovementioned critical research
gaps, our study undertakes a large-scale, multinational, mul-
ticenter investigation with the following three objectives:
first, to determine the prevalence of preoperative anemia
in cystectomy patients and assess the frequency of Hb opti-
mization interventions; second, to identify risk factors asso-
ciated with anemia before cystectomy and blood
transfusions; and third, to evaluate the relationship between
preoperative anemia and both perioperative and long-term
survival outcomes, while adjusting for significant confound-
ing factors. This comprehensive approach aims to provide
robust insights into anemia management in radical cystec-
tomy across diverse health care settings.

2. Methods

2.1. Study design and setting

This retrospective observational cohort study utilized the
data of 28 institutions in 13 countries across Europe, North
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America, and Asia. The Declaration of Helsinki, the Guideli-
nes on Good Clinical Practice issued by the European
Medicines Agency, Swiss law and regulatory authority
requirements, and the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) were fol-
lowed for this study.

2.2. Patients

We included patients diagnosed with localized or locally
advanced bladder cancer who underwent radical cystec-
tomy at the participating centers between 1990 and 2021.
Patients with metastatic bladder cancer or incomplete data
on Hb levels before cystectomy were excluded. Each partic-
ipant or his/her guardian provided informed consent before
participation, or consent was waived by the local ethical
committee. This study received approval from the Swiss
Ethical Committee (ID 2022-00538) and local institutional
review boards of each institution, and all data were anon-
ymized to protect the patients’ identities.

2.3. Variables and data sources

We retrospectively collected data in a standardized dataset
for bladder cancer patients from medical records. Data were
collected at various time points, including bladder cancer
diagnosis; initiation of neoadjuvant chemotherapy, radical
cystectomy, and adjuvant therapy; and long-term follow-
up.

The collected data included patient characteristics; base-
line variables such as age, gender, comorbidities, and per-
formance status; histological and cancer staging
information obtained during TURBT; laboratory values;
neoadjuvant treatment regimens; characteristics of the rad-
ical cystectomy; adjuvant and systemic treatment regi-
mens; survival outcomes; and thromboembolic and
bleeding events. The registry structure was managed cen-
trally, with data being aggregated, normalized, and stored
securely.

Anemia thresholds were set, as defined by the World
Health Organization (WHO), as Hb <130 g/l in male adults
and <120 g/l in female adults [9]. Further clinical definitions
are described in the Supplementary material.

2.4. Study size

The size of the study cohort was determined based on the
availability of comprehensive data from the participating
institutions over the study period.

2.5. Exposure

The primary exposure in this study was preoperative Hb
levels measured before radical cystectomy. Hb levels were
routinely assessed twice: once before TURBT and once
before cystectomy. These measurements aimed to investi-
gate the potential influence of preoperative Hb levels on
patient outcomes after surgery. The data on Hb levels were
collected alongside other laboratory values and risk factors
for bleeding and venous thromboembolism, ensuring a
comprehensive evaluation of each patient’s preoperative
status.

2.6. Outcomes

The primary outcomes of the study comprised anemia
before cystectomy, disease relapse (DR), cancer-specific
mortality (CSM), all-cause mortality (ACM), and 90-d mor-
tality. Outcomes were defined as follows: DR: measured
from the day of cystectomy until the progression of the dis-
ease, as detected by imaging studies; CSM and ACM: deter-
mined from the date of cystectomy until death attributed to
bladder cancer and any cause, respectively; and 90-d mor-
tality: death attributed to bladder cancer or any cause
within the first 90 d after cystectomy. Patients were fol-
lowed up through medical chart reviews or death certifi-
cates, with censoring (coded as 0) at the date of the last
follow-up and presenting results to a maximum of 5 yr of
follow-up. This decision was based on the fact that most
patients had follow-up data limited to <5 yr, with only a
small subset of patients having follow-up beyond this time-
frame. Furthermore, current and historical urological guide-
lines generally recommend structured follow-up primarily
within the first 5 yr after treatment, as the risk of recurrence
and disease progression decreases significantly thereafter.

2.7. Assumed confounding

Our analysis of the influence of preoperative Hb levels on
oncological outcomes considers potential confounders that
might distort the results. The predictors included in the
models (including age, smoking status, Eastern Cooperative
Oncology Group [ECOG] performance status, pathological
staging [pN+ and pT stage], and chemotherapy use) were
selected based on a review of the literature, as these factors
have previously been shown to influence oncological and
perioperative outcomes in bladder cancer patients. A
detailed summary of these predictors and their supporting
evidence is provided in the Supplementary material. To con-
trol for confounding, these factors were included as covari-
ates in our multivariable models.

2.8. Bias

The efforts to minimize a bias included standardization of
data collection, and exclusion of patients with missing base-
line Hb data or those with metastatic disease at diagnosis.

2.9. Statistical analysis

A Shapiro-Wilk test was used to check for normal distribu-
tion of the demographic data for continuous variables. A
multivariable linear regression model was run to identify
the predictors of Hb levels before cystectomy (as a continu-
ous variable) and logistic regression to identify the predic-
tors of postoperative blood transfusions (as a binary
variable) during the treatment course. A survival analysis
using the Kaplan-Meyer method was utilized for an unad-
justed analysis of the influence of preoperative Hb levels
on survival and relapse. Significance was assessed with a
log-rank test. To examine the association between preoper-
ative Hb levels and oncological outcomes, multivariable Cox
proportional hazards regression was performed. To examine
the association between preoperative Hb levels and 90-d
mortality, Cox logistic regression was performed. For this
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purpose, it was ensured before the analysis that all patients
were followed up for at least 90 d. Statistical significance for
all analyses was defined at p < 0.05. Statistical analyses
were conducted using the R programming language (R Core
Team, 2022).

3. Results

Between January 1990 and December 2021, our multicenter
study encompassed 4886 patients across 28 centers in 13
countries. We excluded 441 patients due to the absence of
precystectomy Hb values. Consequently, our final cohort
comprised 4445 patients with a mean age of 69 yr, of whom
1007 (23%) were female. The median follow-up of the sur-
viving patients was 25 mo (interquartile range [IQR] 11-
53 mo). The baseline characteristics are shown in Table 1.
The median Hb levels were recorded to be 134 g/l (IQR
120-146 g/1) prior to TURBT and 128 g/I (IQR 111-142 g/1)
prior to radical cystectomy.

Anemia before TURBT was observed in 1008 (38%) males
and 445 (33%) females, based on the WHO thresholds of 130
and 120 g/l, respectively (Table 2). At the time of cystec-
tomy, anemia was observed in 1674 (49%) males and 445
(44%) females. Among those patients with an Hb level of
<130 g/1, 1031 patients (73%) received no specific Hb opti-
mization. A total of 324 patients (23%) received packed
red blood cells, 4% oral or intravenous iron, 3% vitamin
B12, 4% folate, and 1.5% EPO injections. Postcystectomy
low anemia/bleeding events necessitating medical inter-
vention (transfusion of packed red blood cells, or radiologi-
cal, endoscopic, or surgical intervention) were 10%.

A multivariable linear regression analysis highlighted
several factors influencing precystectomy Hb Ilevels
(Table 3). Higher Hb levels at TURBT and a lower Charlson
comorbidity score were associated with higher Hb levels
before cystectomy (p < 0.001). In contrast, increasing age,
administration of neoadjuvant chemotherapy, and higher
tumor stage at TURBT >pT2 were associated with lower
Hb levels before cystectomy (p < 0.001). EPO injections
(p = 0.025) and vitamin B12 supplementation (p = 0.026)
were also associated with lower Hb values before cystec-
tomy. No statistical association could be confirmed for
American Society of Anesthesiologists scores or the use of
iron or folate supplementation.

The multivariable logistic regression analysis highlighted
several factors influencing the need for postoperative blood
transfusions (Table 4). A higher tumor stage of the cystec-
tomy specimen (>pT2) was associated with a higher proba-
bility of receiving at least one postoperative blood
transfusion (odds ratio [OR]: 1.37, 95% confidence interval
[CI]: 1.04-1.82, p = 0.049). Patients with higher Hb levels
at TURBT (OR: 0.99, 95% CI: 0.98-0.99, p = 0.017) and before
cystectomy (OR: 0.98, 95% CI: 0.97-0.99, p < 0.001) needed
fewer postoperative blood transfusions. Further, adminis-
tration of neoadjuvant therapy was associated with fewer
postoperative transfusions (OR: 0.70, 95% CI: 0.48-0.99,
p = 0.05). Regarding the surgery itself, a longer operation
time (by increasing the number of minutes; OR: 0.99, 95%
Cl: 0.99-0.99, p = 0.029) and a robot-assisted approach
(OR: 0.46, 95% CI: 0.27-0.73, p = 0.002) were associated

Table 1 - Baseline characteristics of the study population

Variables N = 4445 (100)
Gender
Male 3436 (77.3)
Missing 1(0)
Age 70 (62-77)

Medical history

Hypertension 2410 (54.2)
Renal disease (dialysis, transplant, creatinine 247 (5.6)
>2.26 mg/dl or >200 pmol/l)
Missing 595 (13.4)
Liver disease (cirrhosis, bilirubin >2x normal with 63 (1.4)
AST/ALT/AP >3 x normal)
Missing 594 (13.4)
History of stroke 237 (5.3)
Missing 595 (13.4)
Diabetes 796 (17.9)
Missing 20 (0)
Alcohol abuse (>8 drinks/wk) 199 (4.5)
Missing 1019 (22.9)
Smoking history
Nonsmoker 1563 (35.2)
Current smoker 1361 (30.6)
Ex-smoker 1520 (34.2)
Missing 178 (4.0)
T stage at TURBT
pTa 32(0.7)
pT1 1234 (27.8)
pT2 2648 (59.6)
pTis 350 (7.9)
Missing 180 (4.0)
N stage at TURBT
cNO 3985 (89.7)
cN+ 427 (9.6)
Missing 700 (15.7)
1973 WHO grade
G1 65 (1.5)
G2 223 (5)
G3 2996 (67.4)
Missing 1160 (26.1)
2004 WHO grade
Low grade 643 (14.5)
High grade 3801 (85.5)
Missing 494 (11.1)
Patients receiving neoadjuvant treatment 824 (18.5)
Missing 17 (0)
Patients receiving adjuvant treatment 677 (15.2)
Missing 188 (4.2)
Type of surgery
Open 3934 (88.5)
Laparoscopic 81 (1.8)
Robot assisted 424 (9.5)

Missing 5(0)
T-stage cystectomy specimen

pTO, pTa, pTis 956 (21.7)
pT1 569 (12.9)
pT2 960 (21.8)
pT3 1294 (29.4)
pT4 620 (14.1)
Missing 45 (1)

ALT = alanine aminotransferase; AP = alkaline phosphatase; AST =
aspartate aminotransferase; G = grade; TURBT = transurethral resection of
a bladder tumor; WHO = World Health Organization.

Medians and interquartile ranges for continuous variables, and counts and
percentages for ordinal variables.

with fewer postoperative blood transfusions. No association
could be confirmed for Charlson comorbidity scores, age, or
the use of EPO injection, and iron or vitamin
supplementation.

Unadjusted logistic regression revealed that higher Hb
levels before cystectomy were associated with a significantly
lower rate of 90-d mortality (OR: 0.98, 95% CI: 0.97-0.99,
p < 0.001). After adjusting for possible confounders, we were
not able to show a significant association, but an analysis
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Table 2 - Anemia before cystectomy and treatment of anemia

Hemoglobin level before TURBT/at diagnosis

Female 128 (114-140)
Male 136 (121-147)
Hemoglobin level before cystectomy
Female 123 (108-135)
Male 130 (113-144)
Anemia before TURBT (male <130 g/1, female <120 g/)
Female 445 (33)
Male 1008 (38)
Anemia before cystectomy
Female 445 (44)
Male 1674 (49)
Therapy between TURBT and cystectomy (Hb before TURBT) Hb >130 g/ Hb <130 g/
(n=2031) (n=1419)
Transfusion of packed red cells 142 (7) 324 (22.8)
EPO injections 16 (0.8) 22 (1.6)
Folate supplementation 9 (0.4) 52 (3.7)
Iron supplementation 11 (0.5) 51 (3.6)
Vitamin B12 therapy 12 (0.6) 47 (3.3)
No therapy 1855 (91.3) 1031 (72.7)
Bleeding events, requiring medical intervention
During neoadjuvant treatment 14 (1.7)
After cystectomy 429 (9.7)
During adjuvant treatment 13 (1.9)
EPO = erythropoietin; Hb = hemoglobin; TURBT = transurethral resection of a bladder tumor.
Medians and interquartile ranges for continuous variables, and counts and percentages for ordinal variables.
Table 3 - Multivariable linear regression for predictors of hemoglobin before cystectomy
Variable Estimate 95% CI p value
Univariable regression
Hb value before TURBT (g/1; continuous) 0.64 0.61-0.67 <0.001
Multivariable regression
Age (continuous) -0.12 -0.18 to -0.06 <0.001
ASA score (reference = 1)
2 1.63 -0.42 to 3.67 0.12
3 1.27 -0.74 to 3.28 0.21
4 2.56 -1.96 to 7.08 0.27
Charlson comorbidity score (reference = 0)
1 -2.01 -4.25 to 0.23 0.08
2 -1.13 -2.94 to 0.68 0.22
3 -1.50 -3.56 to 0.57 0.16
4 -2.49 -4.82 to -0.17 0.036
5 -4.68 -7.41to -1.95 <0.001
6 -5.19 -7.98 to -2.41 <0.001
Clinical nodal stage cN+ (reference = cNO) 0.59 -1.20 to 2.38 0.518
Hb value before TURBT (g/I; continuous) 0.64 0.60 to 0.67 <0.001
Packed red blood cells after TURBT (reference = no therapy) -1.48 -3.66 to 0.70 0.18
EPO injection (reference = no EPO) -7.66 -14.37 to -0.96 0.025
Iron supplementation (reference = no iron) -1.10 -5.75 to 3.56 0.65
Vitamin B12 therapy (reference = no vitamin B12) -6.90 -13.00 to -0.81 0.026
Folate therapy (reference = no therapy) 2.96 -3.17 to 9.09 0.34
Alcohol abuse >8 drinks/wk (reference = no abuse) -1.64 -4.16 to 0.87 0.20
Diabetes (reference = no diabetes) -0.27 -1.76 to 1.23 0.73
Smoking history (reference = nonsmoker) 0.56 -0.77 to 1.90 0.41
Neoadjuvant therapy (reference = no therapy) -9.57 -11.07 to -8.06 <0.001
Tumor stage >pT2 (reference = <pT2) -2.20 -3.41 to -0.99 <0.001

ASA = American Society of Anesthesiologists; CI = confidence interval; EPO = erythropoietin; Hb = hemoglobin; TURBT = transurethral resection of a bladder

tumor.

revealed that a higher ECOG score (OR: 2.55, 95% CI: 1.50-
449, p < 0.001), age (OR: 1.03, 95% CI: 1.00-1.06,
p = 0.047), administration of postoperative blood transfu-
sions (OR: 2.01, 95% CI: 1.22-3.56, p = 0.007), and a higher
tumor stage of the cystectomy specimen (>pT2; OR: 2.87,
95% CI: 1.53-5.88, p = 0.002)) were associated with a signif-
icantly higher 90-d mortality rate (Table 5).

In an unadjusted survival analysis using the Kaplan-
Meyer method, patients with preoperative Hb values
<130 g/l had worse 5-yr overall survival (44% vs 65%,

p < 0.001), worse 5-yr cancer-specific survival (64% vs 78%,
p < 0.001), as well as 5-yr recurrence-free survival (67% vs
75%, p < 0.001; Fig. 1). Cox regression revealed that higher
Hb values before cystectomy were associated with lower
ACM (HR: 0.99, 95% CI: 0.98-0.99, p < 0.001), CSM (HR:
0.99, 95% CI: 0.98-0.99, p < 0.001), and DR (HR: 0.99, 95%
CI: 0.98-0.99, p < 0.001; Table 6). After adjusting for prede-
fined and previously described confounders (ECOG, gender,
age, smoking status, tumor stage, and chemotherapy use),
Hb values before cystectomy did not reach significant values,
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Table 4 - Logistic regression for predictors of at least one postoperative blood transfusion

Variable 0Odds ratio 95% CI p value
Univariable regression
Hb value before TURBT (g/l; continuous) 0.97 0.97-0.98 <0.001
Hb value before cystectomy (g/l; continuous) 0.97 0.97-0.98 <0.001
Multivariable regression
Age (continuous) 1.01 0.99-1.03 0.09
Charlson comorbidity score (reference = 0)

1 135 0.84-2.19 0.21

2 0.96 0.63-1.49 0.85

3 1.31 0.85-2.06 0.23

4 0.93 0.57-1.53 0.77

5 1.15 0.66-1.98 0.63

6 0.71 0.40-1.25 0.24
Hb value before TURBT (g/I; continuous) 0.99 0.98-0.99 0.017
Hb value before cystectomy (g/l; continuous) 0.98 0.97-0.99 <0.001
Packed red blood cells after TURBT (reference = no therapy) 1.15 0.80-1-65 0.45
EPO injection (reference = no EPO) 1.12 0.24-3.84 0.87
Iron supplementation (reference = no iron) 1.32 0.64-2.64 0.44
Vitamin B12 therapy (reference = no vitamin B12) 0.44 0.13-1.32 0.16
Folate therapy (reference = no therapy) 2.28 0.78-6.50 0.13
Neoadjuvant therapy (reference = no therapy) 0.70 0.48-0.99 0.05
Tumor stage cystectomy specimen >pT2 (reference = <pT2) 1.37 1.04-1.82 0.049
Surgery duration (continuous), min 0.99 0.99-0.99 0.029
Surgery type (reference = open)
Laparoscopic 0.57 0.25-1.14 0.13
Robot assisted 0.46 0.27-0.73 0.002

CI = confidence interval; EPO = erythropoietin; Hb = hemoglobin; TURBT = transurethral resection of a bladder tumor.

Table 5 - Unadjusted and adjusted logistic regression models for 90-d mortality for Hb values before cystectomy (all patients had at least 90 d of

follow-up)

Variable OR 95% CI p value
Univariable regression

Hb before cystectomy (g/1) 0.98 0.97-0.99 <0.001
Multivariable regression

Hb before cystectomy (g/1) 0.99 0.98-1.00 0.12
ECOG (0 vs >1) 2.55 1.50-4.49 <0.001
Gender (men vs women) 1.16 0.65-1.99 0.60
Age 1.03 1.00-1.06 0.047
Smoking status (no vs yes) 0.57 0.30-1.03 0.08
Blood transfusion after cystectomy (no vs yes) 2.01 1.22-3.56 0.007
Blood transfusion between TURBT and cystectomy (no vs yes) 1.30 0.67-2.42 0.42
Tumor stage cystectomy specimen (>pT2 vs <pT2) 2.87 1.53-5.88 0.002
Pathological nodal stage (pNO vs pN+) 1.83 0.94-3.40 0.07
Neoadjuvant chemotherapy (no vs yes) 0.72 0.30-1.52 0.41
Adjuvant chemotherapy (no vs yes) 0.09 0.01-0.31 0.001

CI = confidence interval; ECOG = Eastern Cooperative Oncology Group; Hb = hemoglobin; OR = odds ratio; TURBT = transurethral resection of a bladder tumor.

whereas higher Hb values before TURBT were significantly
associated with lower ACM (HR: 0.99, 95% CI: 0.98-0.99,
p = 0.002) and DR (HR: 0.99, 95% CI: 0.99-0.99, p = 0.025).

4. Discussion

This large-scale, multinational study provides important
insights into the prevalence, risk factors, and impact of pre-
operative anemia in patients undergoing radical cystectomy
for bladder cancer. Our findings can be summarized in three
key points: (1) anemia is prevalent in approximately 50% of
patients before cystectomy, (2) several risk factors for pre-
operative anemia were identified, and (3) preoperative ane-
mia is significantly associated with adverse perioperative
and oncological outcomes.

Our study revealed that nearly one in two patients pre-
sented with anemia before cystectomy, which aligns with
previous studies reporting anemia in 10-50% of cases

[2,3]. This high prevalence underscores the critical need
for a routine preoperative Hb assessment. We identified
several risk factors for preoperative anemia, including
advanced age, administration of neoadjuvant chemother-
apy, a higher tumor stage at TURBT (>pT2), and lower Hb
levels before TURBT. These findings extend our understand-
ing beyond previous smaller studies and provide clinicians
with specific factors to identify patients who should be
referred early on to patient blood management services.
Our results confirm and strengthen the association
between preoperative anemia and adverse perioperative
and survival outcomes. This relationship has been sug-
gested in several previous studies [2,5,10,11], but our large,
multinational cohort could confirm these finding after
adjusting for several important well-described confounders.
We found that anemic patients had significantly worse 5-yr
overall, cancer-specific, and recurrence-free survival. More-
over, our multivariable analysis demonstrated that higher
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Fig. 1 - Kaplan-Meyer curves for overall, cancer-specific, and recurrence-free survival in patients with hemoglobin values >130 g/l (blue) and <130 g/I (red),
and log-rank tests for overall survival (p < 0.001), cancer-specific survival (p < 0.001), and recurrence-free survival (p < 0.001). Hb = hemoglobin.

Table 6 - Univariable and adjusted multivariable Cox regression models for overall mortality, cancer-specific mortality, and probability of

recurrence for Hb values before cystectomy

Variable All-cause mortality Cancer-specific mortality ~ Disease relapse
HR  95% CI pvalue HR 95%CI pvalue HR 95%CI p value

Univariable regression
Hb before cystectomy (g/l) 0.99 0.98-0.99 <0.001 0.98 0.98-0.99 <0.001 0.99 0.98-0.99 <0.001
Multivariable regression
Hb before cystectomy (g/1) 099 0.99-1.00 094 099 0.98-1.00 0.05 099 0.99-1.01 0.63

Hb before TURBT (g/1) 0.99 0.98-0.99 0.002 0.99 0.98-1.00 0.07 0.99 0.99-0.99 0.025
ECOG (0 vs >1) 156 1.28-1.90 <0.001 144 1.10-1.87 0.006 1.18 0.96-145 0.11
Gender (men vs women) 1.14 0.92-141 0.24 1.19 0.89-1.57 0.24 1.13 0.90-142 0.28
Age 1.03 1.02-1.04 <0.001 1.01 1.00-1.03 0.08 1.02 1.01-1.03 <0.001
Smoking status (no vs yes) 1.14 0.92-141 022 125 0.95-1.65 0.11 1.16 0.92-145 0.20
Blood transfusion after cystectomy (no vs yes) 1.29 1.01-1.63 0.040 1.01 0.71-143 0.95 0.92 0.69-1.22 0.54
Blood transfusion between TURBT and cystectomy (no vs yes) 1.10 0.83-1.45 0.51 1.13 0.71-149 0.88 1.14 0.84-1.53 041
Tumor stage cystectomy specimen (>pT2 vs <pT2) 226 1.76-2.90 <0.001 3.18 2.16-4.67 <0.001 2.89 2.16-3.85 <0.001
Pathological nodal stage (pNO vs pN+) 143 1.11-1.86 0.006 1.58 1.14-2.19 0.006 1.69 1.31-2.18 <0.001
Neoadjuvant chemotherapy (no vs yes) 0.72 0.54-0.98 0.034 0.87 0.60-1.25 0.47 0.81 0.60-1.08 0.15
Adjuvant chemotherapy (no vs yes) 1.67 1.34-2.07 <0.001 230 1.76-3.02 <0.001 275 221-341 <0.001

CI = confidence interval; ECOG = Eastern Cooperative Oncology Group; Hb = hemoglobin; HR = hazard ratio; TURBT = transurethral resection of a bladder tumor.

preoperative Hb levels were independently associated with
lower ACM, CSM, and DR, whereas postoperative transfu-
sions were associated with only worse 90-d mortality and
ACM.

The mechanisms underlying these associations are likely
multifactorial. Anemia may reflect more advanced disease
or poorer overall health status. Additionally, anemia can
lead to tissue hypoxia, potentially compromising wound
healing and immune function, but the most worrisome
hypothesis is that blood transfusions impair perioperative
and oncological outcomes by transfusion-induced
immunomodulation/immunosuppression with a reduction
of natural killer cells and subsequent increase of tumor
growth and postoperative bacterial infections [12].

Overall, anemia is often a treatable comorbidity, and
despite the high prevalence and its association with poor
outcomes, our study reveals a concerning underutilization
of patient blood management protocols. Of the anemic
patients, <25% received any form of Hb optimization, with
only 4% receiving iron supplementation. This represents a
significant missed opportunity, as an estimated 30% of can-
cer patients have iron deficiency anemia [13].

Evidence suggests that preoperative Hb optimization can
improve outcomes. Intravenous iron supplementation has
been shown to reduce postoperative blood transfusions
and hospital stay in major abdominal surgery [14]. Even
short-term protocols combining intravenous iron, EPO, vita-
min B12, and folic acid supplementation have demonstrated
efficacy in reducing transfusion requirements [15]. Our
findings strongly support the implementation of such pro-
tocols in the perioperative management of patients under-
going radical cystectomy. However, since interventions
such as EPO and vitamin B12 supplementation were admin-
istered predominantly to patients with the most severe ane-
mia and were associated with lower preoperative Hb levels
in our analysis, these findings may be subject to a selection
bias. Further research is needed to determine whether these
interventions are causally linked to worse outcomes or this
association merely reflects the severity of anemia in
patients receiving these interventions. In addition to preop-
erative interventions, there is conflicting evidence whether
intraoperative strategies such as administration of tranex-
amic acid may decrease blood loss or transfusions as well
as oncological outcomes [16,17].
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Our analysis showed that a robotic-assisted approach
was associated with fewer postoperative blood transfu-
sions, consistent with the previous findings of randomized
trials [18]. This observation leads us to hypothesize that
the benefits of robotic surgery may be particularly pro-
nounced in anemic patients. Conversely, it suggests that
the advantages of robotic surgery might diminish if patients
receive adequate supplementation to correct anemia preop-
eratively. However, due to the limited number of robotic
procedures in our cohort, definitive conclusions on this
matter cannot be drawn. Consequently, the selection of sur-
gical approach should be weighed carefully against various
factors, including surgeon expertise and individual patient
characteristics.

This study has several limitations that warrant consider-
ation. First, its retrospective nature introduces the potential
for a selection bias and unmeasured confounding, for exam-
ple, perioperative complications that could have altered
postoperative outcomes were not assessed in this study.
Second, the long study period (1990-2021) encompasses
significant changes in surgical techniques and perioperative
care, which may influence outcomes. For example, the pro-
portion of patients who have received neoadjuvant therapy
is relatively low at 18%. The reason for this is that neoadju-
vant therapy was first officially recommended in the early
2000s in the USA, and in the German S3 guidelines and
the European guidelines in mid-2010s.

Third, despite our large sample size, there was variability
in practice patterns across centers and regions, which could
affect the generalizability of our findings. Furthermore, we
lacked detailed information on the specific causes of anemia
in our cohort, which could provide additional insights into
management strategies. Further, while our study highlights
a significant association between preoperative anemia and
perioperative and oncological outcomes, it does not directly
assess whether anemia correction before surgery leads to
improved survival. Future prospective studies are needed
to clarify this relationship. Lastly, while we adjusted for sev-
eral known confounders, residual confounding cannot be
ruled out.

Our findings highlight several areas for future research.
Prospective studies are needed to evaluate the impact of
standardized preoperative anemia management protocols
on outcomes following radical cystectomy. Additionally,
investigation into the molecular mechanisms linking ane-
mia to poorer oncological outcomes could reveal new ther-
apeutic targets. Finally, cost-effectiveness analyses of
different anemia management strategies would be valuable
in guiding clinical practice.

5. Conclusions

This large, multinational study demonstrates that preopera-
tive anemia is both common and significantly associated
with adverse outcomes in patients undergoing radical cys-
tectomy for bladder cancer. Our findings support the rou-
tine assessment of preoperative Hb levels, specifically in
patients at risk of anemia. The impact of addressing anemia
before surgery on perioperative and long-term oncological

outcomes for patients with bladder cancer needs to be eval-
uated in further prospective studies.
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