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Abstract: Objectives: Perioperative blood transfusion (PBT) has been associated with worse survival
after radical cystectomy (RC) in patients with muscle-invasive bladder cancer (MIBC). Here, we
evaluated the association between PBT and survival after RC that was preceded by neoadjuvant
chemotherapy (NAC). Methods: A retrospective analysis was performed on 949 patients with
cT2-4aN0M0 bladder cancer who received NAC prior to RC between 2000 and 2013 at 19 centers.
Kaplan–Meier estimates of overall survival (OS) were made. Presumed risk factors for OS were
analyzed using Cox regression analysis. PBT was defined by the administration of any packed
red blood cells during surgery or during the post-operative hospital stay. Results: A transfusion
was given to 608 patients (64%). Transfused patients were more likely to have adverse clinical and
pathologic parameters, including clinical stage and performance status. Transfused patients had
worse OS (p = 0.01). On multivariable Cox regression, PBT was found to be independently associated
with worse OS (HR 1.53 (95% CI 1.13–2.08), p = 0.007). Conclusions: PBT is common after NAC and
RC, which may be linked, in part, to the anemia induced by NAC. PBT was associated with several
adverse risk factors that correlate with poor outcomes after NAC and RC, and it was an independent
predictor of adverse OS on multivariable analysis. Further study should determine if measures to
avoid blood loss can reduce the need for PBT and thereby improve patient outcomes.

Keywords: bladder cancer; perioperative blood transfusion; radical cystectomy; chemotherapy

1. Introduction

Radical cystectomy (RC) is the standard of care for patients with muscle-invasive
bladder cancer (MIBC) who are surgical candidates [1]. Although there are high rates of
morbidity and mortality associated with radical cystectomy, perioperative patient optimiza-
tion, including management of pre-operative anemia and judicious use of blood products
during and after surgery, are important considerations to improve patient outcomes [2].

The risks associated with perioperative blood transfusions (PBT) are well known and
have been described for patients with a variety of malignancies, including biliary, liver,
and colon cancers [3–5]. These risks include increased cancer recurrence and mortality [6].
There are fewer studies investigating the risk of PBT, specifically in bladder cancer. Of the
studies conducted, PBT has been associated with poor outcomes and increased mortality in
patients undergoing RC for MIBC [6,7]. However, no large-scale studies have investigated
the impact of PBT in patients undergoing RC after neoadjuvant chemotherapy (NAC).

NAC increases 5-year survival by approximately 5–8% when compared to RC alone
and, thus, represents the standard of care for cisplatin-eligible patients with MIBC [8].
However, NAC often results in anemia before patients undergo surgery [9] and, thus, may
increase the need for PBT. Roughly 60% of patients undergoing RC without NAC receive
PBT [6]. It is possible that this number is greater after NAC due to the resulting anemia, but
the impact on patient survival in this context is unknown. The objective of this study was
to investigate the association of PBT with survival in patients undergoing RC after NAC
for MIBC. We hypothesized that we would identify a similar association in the absence
of NAC.

2. Materials and Methods

Data from medical records of 1865 patients who underwent radical cystectomy after
neoadjuvant chemotherapy between 2000 and 2013 were retrospectively collected from
19 centers across Europe and North America [10]. Data were collected under the approval
of each institution’s clinical research ethics board. Data were then de-identified and shared
based on data transfer agreements between the institutions.

Only patients with cT2-4aN0M0 bladder cancer for whom blood transfusion data were
available were included in this analysis. PBT was defined as any administration of packed
red blood cells during or after surgery until discharge from the hospital. Patients were then
classified accordingly as “transfused” or “not transfused”.
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Statistical Analysis

Demographics (age, sex, race, BMI), pre-operative clinicopathologic characteristics
(smoking history, transfusion status, Eastern Cooperative Oncology Group (ECOG), clinical
T-stage, hemoglobin, platelet count), treatment, and pathologic parameters (NAC regime,
number of NAC cycles, pathologic T and N stages, and response to NAC) were found
for both patients who were and were not transfused. All variables were summarized in
descriptive statistics, including mean and/or standard deviation.

The Kaplan–Meier method was used to estimate overall survival (OS) and cancer-
specific survival (CSS) between the transfused and non-transfused groups. Differences
between groups were assessed using the log-rank method. A multivariable analysis was
conducted using a Cox regression, including the following variables: age; sex; clinical
T-stage; pre-cystectomy hemoglobin; number of NAC cycles; and NAC regimen. An
additional multivariable analysis was conducted with transfusion as a continuous variable.
Variables used in the multivariable analysis were based on those chosen by other similar
studies, including those conducted by Morgan et al., 2013 [7], and included age, sex,
smoking history, clinical T-stage, pre-cystectomy hemoglobin, and transfusion status. All
statistical analyses were performed using SPSS-v.25 (IBM Corp., Armonk, NY, USA). A
p-value < 0.05 was considered significant.

3. Results

A total of 949 patients were included in the analysis (Figure 1). All patients were from
high-volume surgical centers, including Cleveland Clinic (107 pts), University of Texas
Southwestern (86 pts), Exeter (13 pts), Freeman Hospital (13 pts), MD Anderson Cancer
Center (151 pts), Moffitt Cancer Center (160 pts), McGill University (27 pts), Netherlands
Cancer Institute (36 pts), University of Kansas (65 pts), University of Michigan (80 pts),
University of Southern California (146 pts), and Vancouver Prostate Center (64 pts). Six
hundred and eight patients (64.1%) received PBT and formed the “transfused group”, while
341 (35.9%) were in the “not transfused” group. The median number of units of blood
transfused in those who received PBT was 3.0 (IQR 2.0–4.0).
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Clinicopathologic demographics for the two groups can be found in Table 1 as well as
clinicopathologic demographics for the entire population (all patients included in the origi-
nal data set) in Table 2. The mean age in the transfused group was greater (67.0 ± 23.1 years)
than in the not transfused group (62.8 ± 9.3 years). Clinical T3-4 disease was present in
46.9% of transfused patients but only 39.3% of those not transfused. A higher proportion
of those in the transfused group were female (26.9% vs. 15.5%), and a lower proportion
had an ECOG performance status of 0 (40.7% vs. 49.3%). Paradoxically, the pre-operative
hemoglobin was lower in the group that was not transfused.

Table 1. Demographic and clinical characteristics of multicenter patient cohort included in study.

Not
Transfused Transfused * Total p-Value

N (% of total pt) 341 (35.9%) 608 (64.1%) 949 (100%)

Median units transfused (IQR) N/A 3.0 (IQR 4–2) N/A

Mean Age (STD) 62.8 (9.3) 67.0 (23.1) 65.5 (19.4) <0.001

Sex
(n, %)

Male 288 (84.5%) 444 (73.1%) 732 (77.2%)
<0.001

Female 53 (15.5%) 163 (26.9%) 216 (22.8%)

Race
(n, %)

Caucasian 250 (73.3%) 472 (77.8%) 722 (76.1%)

0.056

Black 38 (11.1%) 40 (6.5%) 78 (8.2%)

Asian 5 (1.5%) 10 (1.6%) 15 (1.6%)

Hispanic 3 (0.9%) 12 (1.9%) 15 (1.6%)

Other 11 (3.2%) 25 (4.1%) 36 (3.8%)

Unknown 34 (9.9%) 48 (7.9%) 83 (8.7%)

Smoker
(n, %)

Never 100 (30.0%) 176 (29.7%) 276 (32.2%)

0.892Prior 164 (49.3%) 300 (50.7%) 464 (54.2%)

Current 69 (20.7%) 116 (19.6%) 185 (13.6%)

BMI
(n, %)

≤25 kg/m2 112 (32.8%) 211 (34.8%) 323 (34.1%)

0.593

26–30 65 (19.1%) 126 (20.8%) 191 (20.0%)

31–35 75 (21.9%) 117 (19.2%) 192 (20.0%)

≥36 40 (11.7%) 61 (10.0%) 101 (10.7%)

Unknown 49 (14.4%) 92 (15.2%) 141 (14.9%)

Clinical
T-stage
(n, %)

T2 207 (60.7%) 322 (53.1%) 529 (55.8%)

0.026T3 100 (29.4%) 192 (31.6%) 292 (30.8%)

T4a 34 (9.9%) 93 (15.3%) 127 (13.4%)

ECOG **
(n, %)

0 168 (49.3%) 247 (40.7%) 415 (43.7%)

0.082

1 58 (17.0%) 133 (21.9%) 191 (20.1%)

2 7 (2.1%) 25 (4.1%) 32 (3.4%)

3 0 5 (0.8%) 5 (0.5%)

Unknown 108 (31.7%) 197 (32.5%) 306 (50.4%)

Pre-operative hemoglobin
(g/dL),

mean (STD)
13.43 (14.1) 15.87 (21.5) 15.01 (19.3) 0.002

Platelets, mean (STD) 231.5 (77.4) 229.6 (103.5) 230.3 (95.2) 0.164
* Transfused patients received packed red blood cells during and/or after surgery. ** ECOG = Eastern Cooperative
Oncology Group.
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Table 2. Demographic and clinical characteristics of multicenter patient cohort present in database
before inclusion/exclusion criteria were applied.

Total Population Included Participants

N (% of total pt) 1865 (100%) 949 (50.9%)

Mean Age (STD) 64.03 (15.614) 65.5 (19.4)

Sex
(n, %)

Male 1219 (76.8%) 732 (77.2%)

Female 369 (23.2%) 216 (22.8%)

Race
(n, %)

Caucasian 1231 (66.0%) 722 (76.1%)

Black 106 (5.7%) 78 (8.2%)

Asian 25 (1.3%) 15 (1.6%)

Hispanic 22 (1.2%) 15 (1.6%)

Other 4 (0.2%) 36 (3.8%)

Unknown 477 (25.6%) 83 (8.7%)

Smoker
(n, %)

Never 485 (30.9%) 276 (32.2%)

Prior 770 (49.1%) 464 (54.2%)

Current 313 (20.0%) 185 (13.6%)

BMI
(n,%)

≤25 kg/m2 383 (20.5%) 323 (34.1%)

26–30 399 (21.5%) 191 (20.0%)

31–35 182 (9.7%) 192 (20.0%)

≥36 103 (5.5%) 101 (10.7%)

Unknown 283 (42.8%) 141 (14.9%)

ECOG
(n, %)

0 654 (35.0%) 415 (43.7%)

1 290 (15.5%) 191 (20.1%)

2 42 (2.4%) 32 (3.4%)

3 9 (0.5%) 5 (0.5%)

Unknown 870 (46.6%) 306 (50.4%)

Pre-operative hemoglobin (g/dL),
mean (STD) 15.45 (21.5) 15.01 (19.3)

Platelets, mean (STD) 237.25 (100.8) 230.3 (95.2)

Treatment variables and pathologic outcomes are summarized in Table 3. There were
significant differences between the groups in terms of NAC regimen, number of NAC cycles,
pathologic T-stage, and response to NAC. Just over half of the patients (50.6%) in our study
received gemcitabine-cisplatin chemotherapy. Transfused patients were more likely to have
received MVAC (methotrexate, vinblastine, adriamycin, and cisplatin) and were more likely
to have received four or more cycles of NAC. Transfused patients had higher pathologic
T-stage (44.6% vs. 33.8% with ypT3-T4). Furthermore, residual muscle-invasive disease
was found in 63.9% of transfused patients, compared to only 53.4% of those not transfused.
There was no difference between groups in terms of pathologic N-stage.
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Table 3. Treatment and pathologic characteristics of multicenter patient cohort undergoing open
radical cystectomy.

Not Transfused Transfused Total p-Value

NAC Regimen
(n, %)

DDMVAC 61 (18.0%) 108 (18.0%) 169 (18.0%)

0.040

MVAC 35 (10.3%) 105 (17.5%) 140 (14.9%)

Gem Cis 178 (52.5%) 297 (49.5%) 475 (50.6%)

Gem Carbo 54 (15.9%) 79 (13.2%) 133 (14.2%)

Other
cisplatin-containing 11 (3.2%) 11 (1.8%) 22 (2.3%)

NAC number of
cycles
(n, %)

<3 44 (12.9%) 77 (12.7%) 121 (12.7%)

0.026
3 146 (42.8%) 213 (35.1%) 359 (37.8%)

4 119 (34.9%) 240 (39.5%) 359 (37.8%)

>4 32 (9.4%) 77 (12.7%) 110 (11.6%)

Pathologic
T-stage
(n, %)

ypT0 100 (29.3%) 129 (21.3%) 229 (24.2%)

0.004
(LR 0.001)

ypTa 5 (1.5%) 10 (1.6%) 15 (1.6%)

ypTis 42 (12.3%) 61 (10.0%) 103 (10.9%)

ypT1 23 (6.7%) 28 (4.6%) 51 (5.4%)

ypT2 56 (16.4%) 108 (17.8%) 164 (17.3%)

ypT3 79 (23.2%) 159 (26.2%) 238 (39.2%)

ypT4 35 (10.3%) 99 (16.3%) 134 (14.1%)

ypTx 0 12 (1.9%) 12 (1.3%)

Unknown 1 (0.3%) 1 (0.2%) 2 (0.2%)

Pathologic
N-Stage

(n, %)

ypN0 248 (73.2%) 420 (69.2%) 668 (70.6%)

0.721
(LR 0.715)

ypN1 33 (9.7%) 66 (10.9%) 99 (10.5%)

ypN2 37 (10.9%) 83 (13.7%) 120 (12.7%)

ypN3 14 (4.1%) 26 (4.3%) 40 (4.2%)

ypNx 0 0 0

Response to NAC
(n, %)

ypT0N0 89 (26.1%) 116 (19.1%) 205 (21.6%)

<0.001 (LR 17.619)

ypTa/Tis/T1N0 60 (17.6%) 87 (14.3%) 147 (15.5%)

ypT2-T4Nany or
ypTanyN1-3 182 (53.4%) 388 (63.9%) 570 (60.1%)

Unknown 10 (2.9%) 16 (2.6%) 27 (2.8%)

Pre-operative hemoglobin (g/dL),
mean (STD) 13.43 (14.1) 15.87 (21.5) 15.01 (19.3)

NAC = neoadjuvant chemotherapy; MVAC = methotrexate (M), vinblastine (V), adriamycin (A), and cisplatin (C);
DDMVAC = dose-dense MVAC; Gem = gemcitabine; Cis = cisplatin; Carbo = carboplatin; LR = likelihood ratio.

The median duration of follow-up was 2.51 years. Patients who received PBT had
worse OS than those who were not transfused (Figure 2). On Cox regression multivariable
analysis (Table 4), transfusion was independently associated with worse OS as a dichoto-
mous variable (HR 1.53, 95% CI 1.3–2.1; p = 0.007) and as a continuous variable (HR 1.09,
95% CI 1.05–1.13, p < 0.001; Table 5). CSS was also found to be significantly different
between the two groups, with transfused patients having worse CSS (Figure 3).
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Table 4. Multivariable analysis (Cox regression) for predictors of overall survival.

Hazard Ratio 95% Confidence Interval p-Value

Age
Continuous 1.012 0.999–1.026 0.080

Sex
Ref: Male

Female 0.752 0.537–1.054 0.098

Clinical T-stage
Ref: T2

T3 1.264 0.936–1.707 0.127
T4 0.924 0.617–1.383 0.701

Smoker
Ref: Never smoker
Past Smoker 1.015 0.740–1.393 0.926
Current Smoker 1.025 0.689–1.525 0.903

Pre-cystectomy Hemoglobin
Continuous 0.997 0.988–1.006 0.542

Blood Transfusion
Ref: No

Yes 1.529 1.126–2.077 0.007
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Table 5. Multivariable analysis (Cox regression) for predictors of overall survival, with blood
transfusion as a continuous variable.

Hazard Ratio 95% Confidence Interval p-Value

Age
Continuous 1.007 0.993–1.022 0.318

Sex
Ref: Male

Female 0.666 0.464–0.957 0.028

Clinical T-stage
Ref: T2

T3 1.482 1.075–2.043 0.018
T4 1.030 0.675–1.572 0.892

Smoker
Ref: No
Past Smoker 1.014 0.717–1.453 0.938
Current Smoker 1.155 0.760–1.753 0.500

Pre-cystectomy
Hemoglobin
Continuous 0.994 0.981–1.006 0.319

Blood Transfusion
Continuous 1.089 1.049–1.132 <0.001
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PBT was required intra-operatively in 569 (53.1%) patients and post-operatively in
350 patients (32.6%). Both were found to have a significant association with worse OS
(Table 6). Of 350 patients who received post-op PBT, 243 (69%) also received an intra-
operative PBT. In a subgroup analysis that excluded patients who received intra-op PBT,
post-op PBT was not significantly associated with OS (p = 0.77, 252 patients) (Table 7).

Table 6. Multivariable analysis (Cox regression) for predictors of overall survival, with transfusion
(PBT) as a continuous variable separated into intra-operative and post-operative blood transfusions.

Hazard Ratio 95% Confidence Interval p-Value

Age
Continuous 1.008 0.993–1.022 0.306

Sex
Ref: Male

Female 0.650 0.451–0.938 0.021

Clinical T-stage
Ref: T2

T3 1.481 1.074–2.041 0.017
T4 0.999 0.650–1.535 0.996

Smoker
Ref: No
Past Smoker 1.025 0.724–1.452 0.887
Current Smoker 1.177 0.773–1.790 0.448

Pre-cystectomy Hemoglobin
Continuous 0.994 0.981–1.006 0.314

Blood Transfusion

Ref: None
Intraoperative 1.121 1.043–1.204 0.002
Post-operative 1.080 1.032–1.130 0.001

Table 7. Multivariable analysis (Cox regression) for predictors of overall survival, with transfusion
(PBT) as a continuous variable and excluding patients who received intra-operative blood transfusion
(p = 0.77, 252 patients).

Hazard Ratio 95% Confidence Interval p-Value

Age
Continuous 1.012 0.987–1.037 0.361

Sex
Ref: Male

Female 0.746 0.388–1.435 0.380

Clinical T-stage
Ref: T2

T3 2.427 1.441–4.089 0.001
T4 1.020 0.399–2.067 0.968

Smoker
Ref: No 0.764 0.554–1.054 0.101

Pre-cystectomy Hemoglobin
Continuous 1.186 1.036–1.358 0.013

Blood Transfusion
Ref: None
Post-operative 1.079 0.653–1.78 0.767
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4. Discussion

Although a number of studies have addressed the relationship between PBT and
outcome after radical cystectomy for bladder cancer [6,7,11–13], this is, to our knowledge,
the first large-scale retrospective study investigating this relationship in patients receiving
NAC prior to RC. We found that PBT was an independent risk factor for worse OS. Since
PBT was also associated with worse CSS, our results suggest that PBT has a negative effect
on cancer control. Our findings were consistent with the numerous publications on RC
without NAC. We further found a dose response between the number of units transfused
and OS. For every additional unit of blood transfused, the likelihood of survival decreased
by 8.9%. This is consistent with what has already been published in the literature. For
example, Linder et al. [6] found a dose response between the number of units of blood
transfused and all-cause mortality for patients undergoing radical cystectomy.

The negative impact of PBT is thought to be due to its immunosuppressive effect,
also known as transfusion-associated immunomodulation (TRIM), although the exact
mechanism by which PBT leads to cancer recurrence is not well understood [4]. It has been
speculated that this effect is due to immune system downregulation via decreased natural
killer cell function and helper T-cell ratios, poor antigen presentation, and decreased
cell-mediated immunity [14]. Interestingly, several recent studies have found that the
timing of PBT was critical, with intra-operative PBT having a negative effect on OS and
post-operative PBT having no significant effect [15,16]. The authors hypothesized that
intraoperative immune perturbation through PBT impacted outcomes more because the
immune system was still exposed to tumor antigens at the time of PBT. In our series, PBT
impacted OS in both settings.

The specific question in this study was whether the negative association between
PBT and survival that has been reported in multiple RC series would also be observed in
patients receiving NAC prior to RC. NAC adds one additional element to cause anemia in
addition to patient- and disease-related factors that cause pre-operative anemia and intra-
operative blood loss during cystectomy. It is expected that the additional anemia caused by
NAC will increase the need for PBT [17]. We cannot draw any specific conclusions in this
regard since the PBT rate in our series (64%) was similar to that reported in other studies
in which patients had not received NAC [6,11]. On the other hand, patients in our series
were more likely to receive PBT if they received ≥four cycles of NAC or if they received
MVAC, which suggests a role for the chemotherapy itself in driving the anemia that led to
PBT. Alternatively, these could be parameters that reflect more advanced cancer, which,
in turn, explains the need for PBT. Measures of higher disease burden in the transfused
group also included higher clinical and pathologic T stage and a higher rate of residual
muscle-invasive disease.

Female patients were more likely to require PBT in our series, which is consistent also
with other cystectomy series [7,17]. This likely reflects anatomic differences. Advanced
age is also a reproducible risk factor for needing PBT, as shown in our series and other
reports [17]. All cases were performed in an open fashion in this series, but an increasing
proportion of RC is being performed robotically today. It is established that robotic RC
reduces blood loss and the need for PBT compared to open RC [18,19]. The question
must, therefore, be addressed as to whether the associated avoidance of PBT could have
a beneficial impact on patient survival and, thus, potentially create a larger push toward
completing these cases robotically.

This study is inherently limited by its retrospective nature. Additionally, several
patients were excluded from our analysis due to missing variables. Despite attempting
to rule out any confounding with our multivariable analysis, it is likely that there are still
confounding variables influencing our results. In particular, we have no means to control
individual physician and center selection bias in determining the need for PBT, which
would likely be governed by different thresholds in different locations. This threshold
is often determined at the discretion of anesthesia, related to significant intra-operative
blood loss, patient comorbidities, or hemodynamic instability. Unfortunately, our data
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included neither estimated intra-operative blood loss nor precise transfusion thresholds of
each center, and thus, we cannot comment on the predictive value of these variables. We
were unable to report recurrence-free survival due to missing data with respect to the date
of recurrence. Additionally, we could not control for all cancer-specific factors, including
surgical difficulty. Although our analysis identified PBT as independently associated with
worse OS, these cancer-specific factors may have been major contributors to both PBT
and OS. Finally, the association between PBT and outcome does not necessarily mean
that interventions to overcome pre-operative anemia, reduce intraoperative blood loss,
and reduce PBT will improve patient outcomes. Beyond the apparent validity of such
measures to improve patient care, interventional studies would be needed to demonstrate
the causality and ability to utilize these parameters for therapeutic benefit.

Although the multivariable analysis identified PBT as an independent variable associ-
ated with OS, not all cancer-related factors can be controlled adequately, and cancer-related
difficulty is still likely to be a major contributor to PBT and OS.

5. Conclusions

PBT is associated with several adverse risk factors that correlate with poor outcomes
after NAC and RC. Furthermore, we found PBT to be an independent predictor of OS on
multivariable analysis, with a dose response suggesting an increase in mortality with an
increasing number of units transfused. Comprehensive care pathways to optimize patient
management before, during, and after RC already include measures to overcome anemia
and reduce PBT. While it is assumed that these measures equate with optimal patient care,
it remains to be determined whether such interventions will improve survival outcomes.
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