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Highlights: This meta-analysis and systematic review aim to analyze the
association between BT and oncological outcomes of patients undergoing RC
for bladder cancer, and tries to find out whether the timing of blood transfusion
could also have an effect on this relationship. A total of 20 retrospective studies
from online databases and other sources are identified and enrolled in this study.
The results show that BT administration during RC operation or perioperative
period is significantly associated with worse oncological outcomes including
ACM, CSM and DR.

Background: Bladder cancer is one of the most common urological
malignancies. Radical cystectomy (RC) remains the main treatment for
localized muscle-invasive bladder cancer (MIBC) or high-grade non-muscle-
invasive bladder cancer (NMIBC). In the process of RC, the administration of
blood transfusion (BT) is sometimes needed, however, it may cause transfusion-
related complications or lead to worse oncological outcomes. This meta-
analysis and systematic review aims to give a comprehensive insight into the
association between BT and oncological outcomes of patients undergoing RC,
and tries to find out whether the timing of blood transfusion could also have an
impact on this association.

Methods: This systematic review and meta-analysis were carried out according
to the PRISMA 2020 reporting guideline. We have searched four bibliographic
databases including PubMed (Medline), EMBASE, Cochrane Library, and Web of
Science with no language limitation. Studies investigating the association
between BT and oncological outcomes of patients undergoing RC are
identified and included in this research from inception through March 20,
2023. This research calculates the pooled hazard ratios (pHR) and 95%
confidence intervals (95% CI) of all-cause mortality (ACM), cancer-specific
mortality (CSM) and disease recurrence (DR) using Random Effects models or
Fixed Effects models. Subgroup analyses stratified by parameters such as timing
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of transfusion are also conducted. This meta-analysis was registered with
PROSPERO, CRD42022381656.

Results: A total of 20 retrospective studies from online databases and other
sources are identified and enrolled in this study. Results show that blood
transfusion significantly increased the risks for ACM (HR = 1.33, 95% CI: 1.23-
1.44), CSM (HR =1.25,95% CI: 1.15 — 1.35) and DR (HR = 1.26, 95% CI: 1.15 - 1.38).
However, when stratified by the timing of BT, we find that only intraoperative and
perioperative transfusion significantly increased in risks for worse prognosis,
while postoperative transfusion raised none of the risks of ACM (HR = 1.26, 95%
Cl: 0.92-1.73), CSM (HR = 1.08, 95% CI: 0.93-1.26) nor DR (HR = 1.08, 95% ClI:
0.90-1.29) significantly.

Conclusion: BT administration during RC operation or perioperative period is
significantly associated with worse oncological outcomes including ACM, CSM
and DR. Clinicians should consider carefully when deciding to administrate BT to

patients undergoing RC and carry out according to current guidelines.

KEYWORDS

bladder cancer, radical cystectomy, blood transfusion, oncological, meta-analysis,
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1 Introduction

As one of the most common urological malignancies, bladder
cancer was estimated to account for 81,180 new cases and 17,100
deaths in the United States in 2022 (1). It can be divided into two main
categories: non-muscle-invasive bladder cancer (NMIBC) and muscle-
invasive bladder cancer (MIBC). NMIBC represents about 70% of
organ-confined bladder cancer while MIBC takes the remaining 30%
(2). Radical cystectomy (RC), which is accompanied by pelvic lymph
node dissection and urinary diversion, is still the main treatment for
patients presenting localized MIBC or high-grade NMIBC (3, 4). As an
invasive treatment, RC often results in a high risk of significant blood
loss and requirement for blood transfusion (BT) (4, 5). However, it has
been demonstrated that BT might damage organ function and increase
mortality (6). Increasing studies have also discovered that the
administration of BT may influence clinical outcomes of various
cancer surgeries, including hepatocellular carcinoma (7), colorectal
cancer (8), pancreatic adenocarcinoma (9), esophageal cancer (10) and
gastric cancer (11), though their results remain highly contradictory.

The underlying mechanism for the association between BT and
clinical outcomes still remains unclear. One theory proposed that
BT could have immunosuppressive effect on patients and change
the anti-inflammatory/pro-inflammatory milieu in the recipients
(12), which may bring worse clinical outcomes.

In urological field, the effect of BT has been found to be
different. Andrea et al. and Jakobsen et al. showed that BT would
not bring worse clinical outcomes among patients with prostate and
kidney cancer (13, 14). However, whether BT has prognostic
influence on patients undergoing RC for bladder cancer is still
controversial (15-17). Those studies that denied this association
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indicate that the effect of disease characteristics (e.g., older age,
higher pathological stage, lower preoperative hemoglobin level,
higher BMI and greater estimated blood loss) of patients who
received BT overweighed transfusion itself, resulting in worse
outcomes (17). Moreover, there were also some studies classified
the timing of BT into intraoperative BT, postoperative BT and
perioperative BT. Most of them found out that intraoperative BT
was significantly associated with worse outcomes, while the effect of
postoperative BT was controversial (18-20). Intraoperative BT
refers to receiving BT during surgery, postoperative BT refers to
receiving BT during hospitalization after surgery, perioperative BT
refers to receiving BT during surgery or afterwards hospitalization.

Although previous meta-analyses have displayed the relationship
between BT and oncological outcomes after RC (21-23), they were
carried out differently in methodology and might even omit a few
available evidences. In this review, we aim to examine the published
articles related to BT and outcomes in patients undergoing RC more
comprehensively and try to investigate whether the timing of BT also
plays a role in prognosis. We conduct a systematic review of the
literature and meta-analysis to test for an association between BT and
all-cause mortality (ACM), cancer-specific mortality (CSM) and
disease recurrence (DR) in patients who received RC.

2 Methods
2.1 Selection criteria

The inclusion criteria were as follows: (1) Original studies; (2)
RC for bladder cancer; (3) Comparative studies (BT vs. no BT); (4)
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Reporting on oncologic outcomes after RC, such as all-cause
mortality (ACM), cancer-specific mortality (CSM) or disease
recurrence (DR). (5) Stratified by timing of transfusion
(intraoperative vs. postoperative vs. perioperative).

The exclusion criteria were as follows: (1) Studies using cell or
animal models and case reports; (2) Studies without full text or lack
of usable data; (3) Studies having overlapping population

2.2 Search strategy

This study was carried out in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-analyses
(PRISMA) 2020 reporting guideline (24). We have searched four
bibliographic databases, including PubMed (Medline), EMBASE,
Cochrane Library, and Web of Science to retrieve studies
investigating the association between BT and clinical outcomes of
patients receiving RC for bladder cancer from the inception to
March 20, 2023. Reference lists of relevant studies, reviews and
previous meta-analyses were also manually screened to identify
potentially eligible studies. We used keyword terms such as “blood
transfusion” and “Bladder Cancer” to search these databases.
Supporting Information: Table SI contains the detailed search
strategy for each database, including the keywords used and the
number of retrieved citations per string. Two reviewers, M.S.Y and
A.Y., have searched abstracts during the screening procedure and
sifted them according to the search criteria. Disagreements about
the inclusion or exclusion were resolved by consensus of the third
author (S.J.X.). Endnote (version X9) was used to remove the
duplicates and instrument the selection criteria. Figure 1 shows
the PRISMA flow chart of the literature search procedure. Before we
start this systematic review and meta-analysis study, it has already
been registered in PROSPERO (CRD42022381656).

2.3 Data extraction

Data retrieved included: (1) Bibliographic information (e.g.,
author’s name, year of publication and title); (2) Baseline
characteristics of study participants (e.g., age, BMI, percentage of
male patients and preoperative hemoglobin level); (3) Pathological
characteristics of study participants (e.g., pathological stage,
percentage of lymph node positive); (4) Blood loss and
transfusion characteristics of study participants (e.g., estimated
blood loss, volume of transfused blood and type of transfusion);
(5) Outcomes of interest (e.g., all-cause mortality, cancer-specific
mortality and tumor recurrence). Detailed characteristics of the
articles included in this study are shown in Table S2.

2.4 Literature quality assessment

We used the Newcastle Ottawa Scale (NOS) for non-
randomized to assess the quality of individual studies. The NOS
assigns a maximum of nine points to eight items in three categories:
selection, comparability, and outcome. Each study can be given a
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maximum of one point to items in the selection and outcome
categories. A maximum of two points can be awarded to items in
the comparability category. High quality studies referred to studies
that had a score of more than six. Assessment has been carried out
by two independent reviewers (M.S.Y & A.Y.). The discrepancies
between reviewers have been resolved through consensus or by a
third reviewer (S.J.X.). Funnel plots were used to identify
publication bias.

2.5 Data synthesis and statistical analysis

This meta-analysis utilized Random Effects (RE) or Fixed
Effects (FE) models to evaluate the relevance between hazard
ratios (HR) and its 95%CI of ACM, CSM and DR and
administration of BT in patients undergoing RC (25). Moreover,
the pooled hazard ratio (pHR) was calculated with 95% CI using the
data extracted from retrospective cohort studies to assess the effect
of BT on oncological outcomes of studied population. The
heterogeneity between studies was analyzed using the standard
Cochrane Chi-square %2 (Cochrane’s Q) test with a significance
level of 0.=0.10 and the I* test (26). The value of I> describes the
percentage of variation across studies, and I* > 50% refers to
considerable heterogeneity (27). The heterogeneity of included
studies was also visualized by the Galbraith plots.

Subgroup analysis stratified by parameters such as continent,
timing of transfusion, and type of transfusion, which could be latent
reasons for heterogeneity, was performed. We also carried out
meta-regression analysis instead of subgroup analysis for
continuous variables such as such as age, follow-up period,
percentage of male patients, BMI, preoperative hemoglobin level
and percentage of different pathological stages to find out potential
confounders among the studies. The publication bias of retrieved
studies was analyzed by using both the Begg’s and Egger’s tests
(28, 29). A funnel plot was used to determine other causes of
publication bias by observing the symmetry. Finally, we did a
sensitivity analysis and applied the trim and fill method to further
evaluate the effect of publication bias (30). A filled forest plot was
also constructed to eliminate the publication bias on pHR. This
study used the R software version 4.2.0 with the “meta” package and
“metagen” command for data synthesizing and statistical analysis.
All the p-values were two-sided, and a p <0.05 was considered
significantly different.

3 Result
3.1 Study selection

We identified a total of 1,768 publications from online
databases and other sources. After executing the inclusion and
exclusion criteria in Figure 1, 1,748 studies were excluded, and the
remaining 20 were included in this systematic review and meta-
analysis. Of the 1,745 excluded articles, 1,308 duplicates were
removed automatically by the Endnote application, and 21 were
removed manually by reviewers. Afterwards, 359 articles were
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FIGURE 1

PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart for study selection for the systematic review on BT and

oncological outcomes of RC. BT, blood transfusion.

removed by reading the titles and abstracts, and 13 articles were
excluded for not having full text or original data. After reading the
full text, 17 case reports, 21 reviews and 4 previous meta-analyses
were excluded. Another 5 articles were also removed because they
had end-point events other than ACM, CSM or DR.

3.2 Characteristics of included
studies and patients

The characteristics of included population in this study are
shown in Table S2. We included 20 retrospective cohort studies.
These studies are carried out in 8 countries and 3 continents,
including Europe, America and Asia. Included articles were
published between 2010 and 2023, and the individual sample
sizes of each article ranged from 162 to 2895.

At a median age of 66-74 years, patients’ follow-up duration
ranged from 16.1 months to 11years. The percentage of male patients
varied from 63% to 82.2% and BMI ranged from 23.2 to 28.4. Only 6
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studies mentioned the preoperative hemoglobin level (Hb), with a
median of 11.4-13.8 g/dl. The pathological characteristic of included
patients are as follows: the percentage of tumor stage greater than T2
ranged from 37% to 63.1%, and the range of percentages of patients
with margin positive, high-grade tumor and lymph node positive
were respectively 2-16%, 68-95.3% and 9-35%. Only a few studies
mentioned the reception of chemotherapy, with a range from 3% to
75.4%. As for the characteristics of blood loss and transfusion, 19
articles comprised the timing of transfusion, among which 13 articles
were about perioperative transfusion, 5 articles contained both
intraoperative and postoperative transfusion and 1 article referred
to intraoperative transfusion only. A total of 7 articles reported on
the amount of blood transfusion, ranging from 2U to 12U. Studied
patients in 12 articles received packed red blood cell (PRBC) while
patients in the remaining 4 articles received leukocyte-reduced
PRBC. The estimated blood loss (EBL) of included patients ranges
from 400-1400 ml. The range of HR of ACM, CSM and DR reported
in these articles were 0.9 to 1.77, 0.87 to 1.9 and 0.91 to
2.16 respectively.
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3.3 Quality assessment of the
included articles

The Newcastle-Ottawa scale (NOS) was applied to assess the
quality of retrospective cohort studies, as shown in Supporting
Information: Table S3. The results of NOS showed that all included
articles were of high or moderate quality.

3.4 Association between administration of
BT and oncologic outcomes after RC

3.4.1 All-cause mortality

Twenty articles have reported on ACM and included 18,393
patients in total. Abel et al., Gierth et al., Moschini et al. and Julien
et al. divided BT into intraoperative and postoperative transfusion (18,
19, 31, 32). Abel et al. also conducted two cohorts in their article —
primary and validation cohort. Pooled analysis revealed that the
administration of BT was associated with the increasing of ACM,
having a HR of 133 (95% CI: 1.23-144, p < 0.01), as shown in
Figure 2. The overall heterogeneity was assessed to be considerable (I*
= 63%) and RE model was used. This result is consistent with previous
studies (21-23).

The results of subgroup analyses are shown in Figure 3. When
stratified by continent, all three regions (America, Europe and Asia)
showed increased mortality risks for ACM of patients receiving BT
and exhibited significant difference. Furthermore, we found that the
difference between these three subgroups was also significant (P <
0.01) and studied patients in Europe (HR = 1.61, 95% CI: 1.46-1.77)
tended to have a higher risk of ACM than in America (HR = 1.24,
95% CI: 1.14-1.35), indicating that regions may be a potential cause
of heterogeneity. As for the timing of transfusion, a significant
increase in mortality risks for ACM were only observed in
intraoperative (HR=1.53, 95% CI: 1.35-1.74) and perioperative
(HR=1.28, 95% CI: 1.16-1.42) transfusion, but not in
postoperative transfusion (HR = 1.26, 95% CI: 0.92-1.73).
Investigating different types of transfusion revealed that both
packed red blood cell transfusion (HR = 1.37, 95% CI: 1.24-1.51)
and leukocyte-reduced BT (HR = 1.24, 95% CI: 1.01-1.52)
significantly increased the mortality risk for ACM.

We also performed meta-regression analyses, taking into
consideration the potential confounding variables, such as follow-up
period, age, percentage of male patients, percentage of lymph node
positive and percentage of patients in different pathological stages and
found that, only the percentage of patients with high grade tumor was
associated with ACM significantly (P=0.0457) (Figure S1A). We tried
to conduct multivariable meta regression using variables with p-value
less than 0.1 (Table S4), but failed due to lack of available data.

Besides, publication biases were tested in this meta-analysis by
funnel plot and Galbraith plot. A good symmetry was not observed in
the funnel plot (Figure S2A) and 6 studies did not locate between the
dash lines in the Galbraith plot (Figure S2B), both of which indicated a
moderate publication bias in this study. Therefore, we further
conducted the trim-and-fill method to fill up the missing studies. As
shown in Figure S2C, the funnel plot showed good symmetry after
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filling. The HR of filled forest plot (HR = 1.22, 95% CI: 1.11-1.33)
(Figure S2D) was lower than the original result (Figure 2). Egger’s test (t
=1.77, P = 0.0886) and Begg’s test (z = 0.15, P = 0.8840) did not show
significant publication bias. A sensitivity analysis was also conducted by
deleting one study each time to test the stability of our results and the
corresponding pooled HR of ACM did not significantly change (range
from 1.32 to 1.35), indicating that our results were relatively stable
(Figure S2E).

3.4.2 Cancer-specific mortality

A total of 15 articles have reported on CSM and 16,372 patients
were included. Pooled analysis revealed that the administration of
BT was associated with an increased CSM (HR = 1.25, 95% CI: 1.15
- 1.35, I = 59%, RE model) (Figure 4).

The results of subgroup analysis are shown in Figure 5. BT can
raise the risk of CSM in both America (HR = 1.22, 95% CI: 1.10 - 1.35)
and Europe (HR = 1.32, 95% CI: 1.13 - 1.53), and the difference
between them was not significant. Similar as ACM, a significant
increase in mortality risks for CSM were only observed in
intraoperative (HR=1.43, 95% CI: 1.18-1.74) and perioperative
(HR =1.24, 95% CI: 1.10-1.39) transfusion, but not in postoperative
transfusion (HR = 1.08, 95% CI: 0.93-1.26). Both PRBC (HR = 1.27,
95% CI: 1.12 - 1.45) and leukocyte-reduced BT (HR = 1.30, 95% CIL:
1.13 - 1.51) exhibited significant increase in risk for CSM, this result is
inconsistent with previous study (23).

In meta-regression analysis, we discovered that for the
percentages of patients with high-grade tumor (P = 0.0099) and
receiving chemotherapy (P = 0.0027) were associated with CSM
significantly, suggesting that these factors might be latent
confounding variables, as shown in Figure S1. We tried to
conduct multivariable meta regression using variables with p-
value less than 0.1 (Table S5), but failed due to lack of available data.

Since good symmetry was not observed in the funnel plot and
several studies were located out of the dash lines in the Galbraith
plot, we continued to conduct the trim-and-fill method to fill up the
missing studies. The HR of filled forest plot (HR = 1.18, 95% CI:
1.08-1.30) (Figure S3D) was lower than the original result
(Figure 2). Egger’s test (t = 2.05, P = 0.0535) and Begg’s test (z =
0.03, P = 0.9775) showed that publication bias was insignificant.
The sensitivity analysis showed that the corresponding pooled HR
of CSM did not significantly change (range from 1.23 to 1.27),
verifying the stability of our results (Figure S3E).

3.4.3 Disease recurrence

Ten articles have reported on DR and a total of 11,626 patients
were studied. Pooled analysis revealed that the administration of BT
was associated with a significantly higher risk of disease recurrence
(DR) (HR = 1.26,95% CI: 1.15 - 1.38, I” = 23%, FE model) (Figure 6).

The results of subgroup analysis are shown in Figure 7. When
stratified by different regions, it was found that BT can raise the risk
of DR in both America (HR = 1.22,95% CI: 1.08 - 1.39) and Europe
(HR = 1.35, 95% CI: 1.18 - 1.54). Same as ACM and CSM, a
significant increase of DR risks was only observed in intraoperative
(HR =1.39, 95% CI: 1.22-1.59) and perioperative (HR = 1.25, 95%
CIL: 1.09-1.44) transfusion, but not in postoperative transfusion (HR
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Study logHR SE(logHR)
Brian J. Linder et al. 2013 0.2390 0.0659
Todd M. Morgan et al. 2013 0.0296 0.1470
E. Jason Abel et al. (primary IBT) 2014 0.3988 0.2069
E. Jason Abel et al. (primary PBT) 2014  -0.0943 0.2657
E. Jason Abel et al. (validation IBT) 2014  0.3365 0.0766
E. Jason Abel et al. (validation PBT) 2014 0.0583 0.0936
M. Gierth et al. (IBT) 2014 0.5710 0.0946
M. Gierth et al. (PBT) 2014 0.5653 0.1146
Luis A. Kluth et al. 2014 0.0953 0.0533
Joong Sub Lee etal. 2015 0.4447 0.2369
Marco Moschini et al. (IBT) 2015 0.3716 0.1818
Marco Moschini et al. (PBT) 2015 0.3075 0.3276
Heather J Chalfin et al. 2016 0.2311 0.0845
Marco Moschini et al. 2016 0.4187 0.1662
Juan J. Chipollini et al. 2017 0.0100 0.1875
Siemens, D. R. etal. 2017 0.2852 0.0535
Sumeet Syan-Bhanvadia et al. 2017 0.8109 0.3475
Marc A. Furrer et al. (LPRBC+FFP) 2018 0.4947 0.1667
Marc A. Furrer et al. (LPRBC) 2018 0.4762 0.1149
Malte W. Vetterlein et al. 2018 0.0583 0.3356
Leonidas N. Diamantopoulos et al. 2021  0.5539 0.1405
Todd M. Morgan et al. 2010 0.3784 0.1620
Ayman Soubra et al. 2015 0.0908 0.0470
Yuh etal. 2014 0.4824 0.2457
Sadeghi et al. 2012 0.1398 0.1188
Julien et al. (IBT) 2023 0.4055 0.2975
Julien et al. (PBT) 2023 -0.1054 0.2752
Random effects model

Heterogeneity: #= 63%, = 0.0214, p < 0.01

FIGURE 2
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Hazard Ratio HR 95%-Cl Weight

1.27 [1.12;1.45] 6.2%

1.03 [0.77;1.37] 37%

1.49 [1.00;225] 25%

091 [0.54;153] 1.7%

1.40 [1.20;162] 59%

1.06 [0.88;1.27] 5.3%

177 [1.47,213] 53%

1.76 [1.41;221] 4.6%

1.10 [099;122] 6.6%

1.56 [0.98;248] 21%

1.45 [1.02;2.08] 2.9%

1.36 [0.72;260] 1.2%

1.26 [1.07;1.49] 56%

152 [1.10;2.11 33%

1.01 [0.70;1.46] 2.8%

1.33 [1.20;1.48] 6.6%

225 [1.25;488] 1.1%

164 [1.18;227] 32%

161 [1.28;202] 4.6%

1.06 [0.55;205] 1.2%

174 [1.32;229] 3.9%

146 [1.06;2.00] 3.4%

1.09 [1.00;1.20] 6.8%

1.62 [1.00;262] 2.0%

1.15 [091;1.45] 45%

1.50 [0.81;260] 1.5%

0.90 [0.51;1.50] 1.6%

* 1.33 [1.23; 1.44] 100.0%
| I |
05 1 2

Forest plot for HR of ACM comparing between BT and no BT. Pooled HR and 95% confidence intervals of ACM, using a random-effect model. BT,

blood transfusion. ACM, all-cause mortality.

=1.08, 95% CI: 0.90-1.29). Since all articles that had data about RFS
used packed red blood cell for transfusion, no subgroup analysis
stratified by type of transfusion was conducted.

In meta-regression analysis, we found that publication year might
be a potential confounding factor, since it was shown to associate with
DR significantly (P = 0.0226) (Figure S1E). We tried to conduct
multivariable meta regression using variables with p-value less than
0.1, but failed due to lack of available data (Table S6).

A relatively good symmetry was observed in the funnel plot
(Figure S4A) and only one study was located out of the dash lines in
the Galbraith plot (Figure S4B), suggesting that the publication bias

was low. Both Egger’s test (t = 1,30, P = 0.2160) and Begg’s test (z =
0.54, P = 0.5862) did not show a significant publication bias. The
sensitivity analysis showed that the corresponding pooled HR of
RFS did not significantly change (range from 1.23 to 1.29), proving
the stability of our results (Figure S4C).

4 Discussion

Although three meta-analyses studying the association between
BT and oncological outcomes of patients undergoing RC have

No. of No. of no
Subgroup patients  No. of BT BT
Overall 18393 8120 9552
Continent
America 13201 6513 6526
Europe SEEyL 1494 2477
Asia 432 315 I17
Timing of transfusion
intraoperative 4605 1917 2352
postoperative 4605 1727 2352
perioperative 12842 5965 6690
Type of transfusion
PRBC 12013 6213 5524
LPRBC 2688 851 1757
LPRBC+FFP 885 80 618

FIGURE 3
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Study logHR SE(logHR)
Brian J. Linder et al. 2013 0.2700 0.0908
E. Jason Abel et al. (primary IBT) 2014 0.5710 0.2602
E. Jason Abel et al. (primary PBT) 2014  0.0488 0.3306
E. Jason Abel et al. (validation IBT) 2014  0.4383 0.1142
E. Jason Abel et al. (validation PBT) 2014 -0.1165 0.1444
Luis A. Kluth et al. 2014 0.0953 0.0714
Marco Moschini et al. (IBT) 2015 0.4700 0.1615
Marco Moschini et al. (PBT) 2015 0.4700 0.3481
Heather J Chalfin et al. 2016 0.2776 0.0884
Marco Moschini et al. 2016 0.4637 0.1882
Alexander Buchner et al. (IBT) 2017 0.0770 0.0331
Alexander Buchner et al. (PBT) 2017 0.1310 0.0314
Juan J. Chipollini et al. 2017 -0.0513 0.2295
Siemens, D.R. etal. 2017 0.3293 0.0606
Marc A. Furrer et al. (LPRBC+FFP) 2018 0.6424 0.1982
Marc A. Furrer et al. (LPRBC) 2018 0.3832 0.1626
Malte W. Vetterlein et al. 2018 0.0862 0.2884
Ayman Soubra et al. 2015 0.0459 0.0676
Yuh et al. 2014 0.1740 0.3665
Sadeghi et al. 2012 0.1823 0.1753
Julien et al. (IBT) 2023 0.4700 0.3071
Julien et al. (PBT) 2023 -0.1393 0.3125
Random effects model

Heterogeneity: Z= 59%, = 0.0170, p < 0.01

FIGURE 4
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Forest plot for HR of CSM comparing between BT and no BT. Pooled HR and 95% confidence intervals of CSM, using a random-effect model. BT,

blood transfusion. CSM, cancer-specific mortality.

already been published, we found that they all had some shortages.
Wang et al. and Cata et. al’ s studies were carried out in 2015 and
2016 and failed to include newly published articles, suggesting the
need for an update. Moreover, they didn’t conduct subgroup
analysis for parameters such as the timing of BT, perhaps due to
the lack of adequate data (21, 22). Uysal et al. didn’t analyze other
potential confounding factors that might influence the results such
as sex and pathological stages and missed some eligible studies (23).
Disadvantages mentioned above and the methodological
inconsistencies between previous studies inspired us to conduct a
more comprehensive meta-analysis and systematic review in the
hope of helping us understand this association better and giving
possible instructions to clinical surgeons.

Subgroup No. of No. of no
patients No. of BT BT
Overall 16372 7250 8455
Continent
America 11504 5906 5436
Europe 4343 1069 2796
Timing of transfusion
intraoperative 4977 2015 2644
postoperative 4977 1825 2644
perioperative 11593 5147 6179
Type of transfusion
PRBC 9522 5074 4190
LPRBC 1911 528 1303
LPRBC+FFP 885 80 618

FIGURE 5

This study combined available data in 20 published articles and
concluded that the administration of BT was associated with significant
increases in risks of all-cause mortality (HR = 1.33, 95% CI: 1.23-1.44),
cancer-specific mortality (HR = 1.25, 95% CI: 1.15 - 1.35) and disease
recurrence (HR = 1.26, 95% CI: 1.15 - 1.38). However, when stratified
by different timing of BT, we found that only intraoperative and
perioperative transfusion exhibited significant increase in risks for
worse prognosis, while postoperative transfusion raised none of the
risks of ACM (HR = 1.26, 95% CIL: 0.92-1.73), CSM (HR = 1.08, 95%
CIL: 0.93-1.26) nor DR (HR = 1.08, 95% CI: 0.90-1.29) significantly,
indicating that BT after RC surgery was not an independent predictor
of clinical outcomes and only transfusion during surgery or
perioperative period could lead to worse outcomes. Subgroup
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Subgroup analyses for HR of CSM comparing between BT and no BT stratified by continent, timing of transfusion and type of transfusion. BT, blood

transfusion. CSM, cancer-specific mortality.
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Study logHR SE(logHR)
Brian J. Linder et al. 2013 0.1823 0.0869
E. Jason Abel et al. (primary IBT) 2014 0.3716 0.2792
E. Jason Abel et al. (primary PBT) 2014  0.1044 0.1390
E. Jason Abel et al. (validation IBT) 2014  0.3716 0.1135
E. Jason Abel et al. (validation PBT) 2014 -0.0943 0.1449
Luis A. Kluth et al. 2014 0.1222 0.0655
Marco Moschini et al. (IBT) 2015 0.2151 0.1202
Marco Moschini et al. (PBT) 2015 0.4055 0.3341
Marco Moschini et al. 2016 0.3577 0.1373
Sumeet Syan-Bhanvadia et al. 2017 0.7701 0.9169
Marc A. Furrer et al. 2018 0.3832 0.1497
Malte W. Vetterlein et al. 2018 -0.0834 0.2787
Leonidas N. et al. 2021 0.4383 0.1316
Julien et al. (IBT) 2023 0.5306 0.2627
Julien et al. (PBT) 2023 0.2624 0.2338
Random effects model

Heterogeneity: 1> = 23%, <> = 0.0078, p = 0.20

FIGURE 6

10.3389/fonc.2023.1223592

Hazard Ratio HR 95%-Cl Weight

120 [1.01; 1.42] 13.4%

145 [0.84; 251] 24%

1.11 [069; 1.19] 7.6%

1.45 [1.16; 1.81] 10.0%

091 [0.68; 1.20] 7.2%

1.13 [0.99; 1.28] 17.0%

- 124 [1.03; 1.65] 9.3%

—h— 150 [0.78; 2.89] 1.7%

t 3 143 [1.15,197] 77%

; 216 [1.13;41.12] 02%

- 147 [1.09; 1.97] 6.8%

— 092 [0.53; 1.58] 2.4%

= 155 [1.20; 201] 82%

He— 1.70 [1.00; 2.80] 2.7%

“'— 1.30 [0.80; 2.00] 3.3%

¢ 1.26 [1.15; 1.38] 100.0%
1 1 1
ol 051 2 10

Forest plot for HR of DR comparing between BT and no BT. Pooled HR and 95% confidence intervals of DR, using a random-effect model. BT, blood

transfusion. DR, disease recurrence.

analyses also revealed that patients receiving BT in Europe tend to have
a higher risk for worse outcomes, especially for ACM, with a p-value of
difference between subgroups less than 0.01, which means that studies
carried out in different continents might be a reason for heterogeneity.
This might be caused by the racial differences between America
and Europe.

Studies that denied the association between BT and oncological
outcomes believed that the baseline or pathological characteristics
of patients receiving BT, rather than BT itself, had more significant
effects on relative clinical outcomes (17, 33-35). Although data
included in this study were almost from multivariable cox
regression models, we still conducted meta-regression analysis to
try to find out other confounding factors. Our results showed that
the percentage of patients with high-grade tumor was significantly
associated with lower risk of ACM (P = 0.0457) and CSM (P =
0.0099). We also found that chemotherapy (P = 0.0027)
significantly contributed to decreased CSM (Figure S1). These
results could be interpreted as patients with lower tumor grades
and no receipt of chemotherapy might have higher risks for
unsatisfying clinical outcomes after receiving BT. Finally, we had
to acknowledge that the number of available articles for our meta-
regression analyses was limited, therefore, these results should be
interpreted with caution.

The mechanism by which BT can influence oncological outcomes
have not been constructed soundly. The existing main theories
proposed that BT has an immunosuppressive effect on the recipients.
For example, Vamvakas et al. found that BT could undermine the
activity of monocytes and cytotoxic cells, stimulate the release of
immunosuppressive prostaglandins, and increase T-cell suppressor
activity, resulting in the dysfunction of immune system (36), and
Blumberg et al. demonstrated that the numerous antigens carried by
transfused blood cells could also lead to anergy and the disorder of
immune system (37). Other studies also found that the infusion of
growth factors, such as VEGF (vascular endothelial growth factor) and
the host system reacting to transfused donor microparticles could
promote the growth and metastasis of tumor cells (38). A further
mechanism on ACM and CSM could also be represented by the
presence of kidney injury proteinuria (39). All these factors might
lead to a worse oncological outcome. Moreover, there are also many
transfusion related complications such as acute lung injury, infections
and hemolytic reactions due to ABO mismatch (40), making clinicians
have to take these disadvantages of BT into account carefully.

Measures trying to reduce the adverse reactions of BT have been
proposed. Considering the mechanism by which BT causes
immunosuppression, Lannan et al. pointed out that leukocyte-
reduced BT might had the potential to reduce the tumor

FIGURE 7

Subgroup N‘?‘ o 2 P Value
patients No.of BT  No. of no BT Hzard Ratio (95% CI)

Overall 11626 4891 6337 - 1.26 (1.15-1.38)

Continent 0.29

America 8005 4032 3973 HiH 1.22 (1.08-1.39)
Europe 3621 859 2364 L 1.35(1.18-1.54)

Timing of transfusion 0.07
intraoperative 4255 1698 2239 i 1.39 (1.22-1.59)
postoperative 4255 1508 2239 1.08 (0.90-1.29)
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Subgroup analyses for HR of DR comparing between BT and no BT stratified by continent, timing of transfusion and type of transfusion. BT, blood
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promoting effects, since most white blood cells, especially
neutrophiles, which can facilitate the immunosuppression effect
are removed (41). Although, several studies had investigated the
administration of leukocyte-reduced BT on patients undergoing
RG, their results remained contradictory. Todd et al. and Chipollini
et al. found that leukocyte-reduced BT was not associated with the
risk of ACM significantly (16, 34), while Chalfin et al. and Furrer
et al. showed the significance (42, 43). Our results of subgroup
analysis stratified by different types of BT showed that leukocyte-
reduced BT did not associate with increased risks of ACM (HR =
1.24, 95%CI: 1.01 - 1.52) nor CSM (HR = 1.30, 95%CI: 1.13 - 1.51)
significantly, which was inconsistent with previous study (23),
indicating that the efficacy of leukocyte-reduced BT still needs
more evidences to verify. These findings should be interpreted
with caution due to the limited number of studies included in
this subgroup analysis. Another strategy is restrictive BT. Sumeet
et al. have found that restrictive BT was safe for patients undergoing
RC (44). By implementing this strategy, clinicians can reach a better
balance between providing benefits for patients while avoiding risks
of transfusion and reduce unnecessary BT (45).

Strategies that can reduce blood loss or minimize BT
administration can also benefit patients undergoing RC. Henry et al.
mentioned that implementing anti-fibrinolytic can reduce the need for
BT (46). Crescenti et al. have also found that intraoperative use of
tranexamic acid could reduce transfusion rate in radical prostatectomy
(47). Preoperative Hb level is one of the main parameters considered by
surgeons when deciding whether to administrate BT or not, thus by
increasing preoperative Hb level or improving preoperative anemia
status might also reduce the need for BT (48). Furthermore, with the
development of surgical techniques such as laparoscopy-assisted RC or
robot assistance may help to reduce estimated blood loss during RC,
thus decreasing the need for BT (49).

This study has several limitations to be acknowledged. First, all of
the studies enrolled were retrospective cohorts rather than randomized
controlled trials (RCT), which indicated the existence of selection bias.
However, RCT was not viable from ethical perspective, since we could
not withdraw the life-saving transfusion from critically ill patients.
Second, the sample sizes of included articles varied widely (from 162 to
2895), which means that the statistical weight of each study was quite
different, causing bias in varying degrees. Third, the definition between
endpoint events was inconsistent between included studies. For
example, when analyzing the effect on disease recurrence, some
studies used local or distant tumor recurrence (50), while others used
survival related data such as recurrence free survival (44).

5 Conclusions

BT administration during RC operation or perioperative period is
significantly associated with worse oncological outcomes including
ACM, CSM and DR. Factors such as sex, race and pathological
stages may also contribute to this association. Clinicians should
consider carefully before BT administration to reduce inappropriate
BT and carry out BT according to current guidelines. The efficacy of
strategies that can reduce the adverse reactions or necessities of BT,
such as leukocyte-reduced BT, restrictive BT or application of
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laparoscopy needs more evidence to be proved and novel measures
to minimize BT still need more efforts to be discovered.
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