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ABSTRACT
Objective: To evaluate the extent and plausible effects of blood transfusions given during cisplatin-
based neoadjuvant chemotherapy (NAC) on overall survival in patients with muscle-invasive urothelial
bladder cancer (MIBC) undergoing NAC and radical cystectomy (RC).
Background: Several studies have demonstrated a decreased survival for MIBC patients receiving allo-
genic peri- and postoperative blood transfusions in conjunction with RC. No studies have previously
investigated the effects of blood transfusions during NAC.
Materials and methods: 120 patients with MIBC (cT2-T4aN0M0) undergoing NAC and RC between
2008 and 2014 at four Swedish cystectomy centers were retrospectively evaluated. Clinicopathological
data were obtained, including data of allogenic blood administration. Survival data was analyzed by
Kaplan–Meier plotting and Cox regression.
Results: One third of the cohort received blood transfusions during the period of NAC. In univariate
analysis, blood transfusions during NAC, nodal stage and advanced tumor stage (pT >2) were negative
prognostic factors for survival. In multivariate analysis, only pNx and pT >2 remained significant nega-
tive prognostic factors. In a subgroup analysis consisting of patients with localized tumors without dis-
semination (n¼ 96), patients that received transfusions during NAC showed an 18.5% absolute risk
increase of death at five years of observation, although without statistical significance (p¼ .197).
Conclusions: This is the first time that the extent and plausible effects of allogenic blood transfusions
during NAC is examined in MIBC. Data suggest that there may be an association between blood trans-
fusion and poor pathological and oncological outcome. Firm conclusions are difficult to draw due to
few study participants and the retrospective nature of the study.
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Background

Muscle-invasive bladder cancer (MIBC) is a deadly disease
with an overall survival of 50% at five years [1,2]. In case of
localized disease (pT2-T4aN0M0), the mainstay of the treat-
ment is radical cystectomy. Two large randomized prospect-
ive studies have shown a 5–8% absolute risk reduction for
death when adding cisplatin based neoadjuvant chemother-
apy (NAC) [3,4]. As a result, more than a third of all cystec-
tomized patients in Sweden receive NAC prior to
surgery [5].

Anemia is a common finding in cancer patients [6]
which makes this group at high risk of receiving allogenic
blood transfusions. However, a growing number of studies
have demonstrated an association between peri- and post-
operative blood transfusion and worse long term survival
after cancer surgery [7]. In a meta-analysis of more than 15

000 patients undergoing radical cystectomy, a 27% increase
of mortality was seen in patients receiving perioperative
blood transfusion [8]. The underlying mechanism by which
allogenic blood impacts cancer survival is thought to be
due to suppression of the immune system. The process is
called transfusion-related immunomodulation, TRIM, and
the exact mechanism is not entirely understood. Overall,
allogenic blood appears to enhance the effects of immuno-
suppressive cells while inhibiting the effects of immunosti-
mulatory cells [9–12].

The quantity and the consequences of blood transfusions
at the time of NAC in patients with MIBC have not been
addressed before. Therefore, we decided to retrospectively
map the extent and plausible effects of blood transfusions
during NAC with regard to pathological and clinical outcomes.
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Materials and methods

Procedure

A retrospective review of medical records from all patients
cystectomized for urinary bladder cancer between the years
of 2008 and 2014 was conducted. The cystectomies were
performed at four urological centers in Sweden (the
University Hospital of Umeå, Sundsvall-H€arn€osand County
Hospital, G€avle County Hospital and V€astmanland County
Hospital) (n¼ 372). The criteria for inclusion were: localized
urothelial MIBC (cT2-T4aN0M0) and participation in treatment
with 1–4 cycles of NAC followed by radical cystectomy
with intended lymph node dissection (Figure 1).
Clinicopathological data are summarized in Table 1.
Evaluations of transfusions were limited to erythrocyte trans-
fusions. Plasma and thrombocyte transfusions were not taken
into account. One center (Sundsvall-H€arn€osand County
Hospital) used a Cell Saver autologous blood recovery system
intraoperatively at seven cystectomies. No Cell Saver was
used during the period of NAC. Primary outcome was num-
ber of blood transfusions, pathological outcome and overall
survival. Overall survival was estimated as time between rad-
ical cystectomy to death of any cause. The final date for fol-
low-up was 8 June 2018.

Participants

The final cohort consisted of 120 patients, the majority of
which (58.3%) were treated at the largest urological center
among the four, the University Hospital of Umeå. The second
largest urological center, Sundsvall-H€arn€osand County
Hospital, did not implement NAC-treatment as a clinical rou-
tine until 2012, and therefore only contributed with 11.7% of
the patients (data not shown).

Lymph node dissection (LND)

The included patients underwent cystectomy with curative
intention. The extent of lymph node dissection (LND) varied
according to local traditions. To our knowledge, LND was
part of the preoperative planning for all patients. There were

12 patients in which LND was not performed (pNx) (Table 1).
The reasons for not performing LND was either local tumor
spread (n¼ 2), extensive fibrosis in the area (n¼ 5), or rea-
sons unknown (n¼ 5).

Statistical methods

Statistical analyses were performed using IBM SPSS Statistics,
version 24 and version 26. The cohort was divided into two
groups depending on if the patients received blood transfu-
sions during NAC, or not (blood yes and blood no).
Differences in clinicopathological variables were tested by
t-test for continuous variables and Chi-Square Test for cat-
egorical variables. In the analyses of categorical variables
where the criteria of Chi-Square Test were not fulfilled,
Fisher’s Exact Test was used (Table 1). Survival rates were
compared with the Kaplan–Meier Estimator and the Log-
Rank Test. Cox Proportional Hazard Regression Model was
used to identify prognostic factors for survival. For all analy-
ses, p< .05 was considered statistically significant.

Results

One third of the cohort (n¼ 40) received allogenic blood
transfusion during NAC. The cohort was divided into two
groups depending on if blood transfusions were adminis-
trated during NAC, or not (blood yes and blood no). There
were no statistical differences in age, cTNM-stages, comor-
bidity (CACI/ASA), NAC-cycles or peri- and postoperative
blood transfusions (Table 1). Yet, the percentage of cT4a in
the blood yes was more than doubled compared to blood no
patients. Furthermore, the blood yes group consisted of sig-
nificantly more women and had a lower level of hemoglobin
(Hb) at transurethral resection of the bladder (TURB). In histo-
pathological outcome after cystectomy, the blood yes group
had half as many downstaged tumors (pT0N0M0) and 15%
of the blood yes patients were upstaged to pT4b compared
to 1.3% in blood no group (p¼ .044). In addition, 42.5% of
the patients in the blood yes group were pNþ/pNx compared
to 17.5% in the blood no group (p¼ .007) (Table 1).

Figure 1. Flow chart of inclusion of all evaluated patients. UBC: Urinary bladder cancer. MIBC: Muscle-invasive bladder cancer. cT: Clinical staging of the primary
tumor; cN: Clinical staging of regional lymph nodes; cM: Clinical staging of distant metastases.
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Survival analysis of the whole cohort (n¼ 120, number of
events ¼ 62) showed an overall survival of 58.9% in the
blood no group versus 39.7% in the blood yes group at five
years of observation (p¼ .047) (Figure 2). Predictors for sur-
vival were examined in a Cox Proportional Hazard Model. In
univariate analysis, blood yes, nodal status and locally
advanced tumor (pT >2), were negative prognostic factors
for survival (Table 2). In a multivariate analysis, locally
advanced tumor (pT >2) and unknown nodal status (pNx)
remained independent negative prognostic factors (Table 2).

Discussion

One third of the patients received allogenic blood during
neoadjuvant chemotherapy (NAC). These patients showed no
difference in age or comorbidity compared to patients not
receiving transfusions during NAC. Yet, they demonstrated
distinctly worse postoperative pathological outcomes and a
19.2% absolute risk increase of death at five years of obser-
vation. The current study is, to our knowledge, the first to
examine the extent of blood transfusions during neoadjuvant
chemotherapy with regard to pathological and clin-
ical outcomes.

Allogenic blood transfusion and efficacy of
chemotherapy

It has been shown that pathological downstaging is signifi-
cantly increased after neoadjuvant chemotherapy and that it
can be regarded as a surrogate marker for response to NAC
[13]. In this cohort, the percentage of completely down-
staged tumors (pT0N0M0) was doubled in the blood no
group, whereas the proportion of advanced postoperative
tumor stage was larger in the blood yes group. Although
there was no statistical difference in the preoperative tumor
staging between the groups, the proportion of patients with
cT4a tumors was more than doubled in the blood yes group.
Thus, the difference in pathological staging might primarily
reflect the blood yes group consisting of more advanced
tumors prior to blood transfusion. Yet, recent published data
have revealed that chemotherapy elicits an immunostimula-
tory response that partly accounts for its efficacy [14–16].
Therefore, the maximal therapeutic benefits of NAC might be
reduced if the immune system is suppressed, as it may be
after allogenic blood administration.

The idea that the allogenic blood acts as an immunosup-
pressant dates back to 1973 when Opelz et al. showed that
patients receiving blood transfusions prior to renal trans-
plantation had a lower rate of organ rejection compared to
non-transfused patients [17]. Since then, numerous studies
have confirmed the immunosuppressive effect of allogenic
blood, a phenomenon which is often referred to as transfu-
sion-related immunomodulation (TRIM) [12]. If TRIM reduces
the efficacy of NAC and mediates a general immunosuppres-
sive effect in the patient, this could be a plausible explan-
ation to the more advanced tumor stage and the lower
overall survival seen in the blood yes group compared to the
blood no group.

Long-term outcomes

Patients in the blood yes group had worse survival rates five
years after cystectomy. This aligns with earlier studies show-
ing negative oncological outcomes in patients receiving peri-
operative blood transfusions [7,8]. Interestingly, blood
transfusion during NAC was not an independent prognostic
factor in the multivariate survival analysis. The reason for this
could either be that no causal relationship exists between
allogenic blood and overall survival, or that the negative

Table 1. Patient Characteristics and group comparison (%).

Blood
no

Blood
yes Total p-Value

Sex
Female 11 (13.8) 12 (30.0) 23 (19.2) .033a

Male 69 (86.3) 28 (70.0) 97 (80.8)
Age
Mean 66.93 68.7 67.52 .208
Median 68 69 69
SD 7.432 6.851 7.263

cT stage
cT2 40 (50.0) 17 (42.5) 57 (47.5) .314a

cT3 36 (45.0) 18 (45.0) 54 (45.0)
cT4a 4 (5.0) 5 (12.5) 9 (7.5)

CACI
Mean 4.83 5.1 4.92 .251
Median 5 5 5
SD 1.23 1.236 1.234

ASA
I 8 (10.0) 4 (10.0) 12 (10.0) .105a

II 51 (63.8) 18 (45.0) 69 (57.5)
III 21 (26.3) 18 (45.0) 39 (32.5)

Hb before TURB
Missing data 6 (7.5) 2 (5.0) 8 (6.7)
Mean 139.46 125.37 134.68 .0001
Median 141.5 124 137.5
SD 15.422 21.869 18.993

Blood transfusions during NAC
Mean (units) 0 2.9 0.97
Median (units) 0 2 0
SD (units) 0 1.795 1.715

Peri- and postoperative blood transfusions
Yes 67 (83.8) 38 (95.0) 105 (87.5) .079a

Mean (units) 3.36 3.8 3.51 .455
Median (units) 3 4 3
SD (units) 3.266 2.431 3.01

pT stage
pT0 32 (40.0) 9 (22.0) 41 (34.2) .044b

pTis 3 (3.8) 3 (7.5) 6 (5.0)
pTa 3 (3.8) 1 (2.5) 4 (3.3)
pT1 2 (2.5) 3 (7.5) 5 (4.2)
pT2 21 (26.3) 9 (22.5) 30 (25)
pT3 15 (18.8) 7 (17.5) 22 (18.3)
pT4a 3 (3.8) 2 (5.0) 5 (4.2)
pT4b 1 (1.3) 6 (15.0) 7 (5.8)

pN stage
pN0 66 (82.5) 23 (57.5) 89 (74.2) .007a

pNþ 10 (12.5) 9 (22.5) 19 (15.8)
pNx 4 (5.0) 8 (20.0) 12 (10.0)

Total 80 (66.7) 40 (33.3) 120 (100.0)

Patient characteristics and comparisons between the group of patients receiving
(blood yes) and not receiving (blood no) blood transfusions during neoadjuvant
chemotherapy (NAC). cT: Clinical staging of the primary tumor; CACI: Age-adjusted
Charlson Comorbidity Index; ASA: American Society of Anesthesiologists Physical
Status Classification System; Hb: Hemoglobin level; TURB: Trans-urethral resection
of bladder. Peri- and postoperative blood transfusions: Patients receiving peri- and
postoperative blood transfusions in conjunction with cystectomy; pT: Pathological
staging of the primary tumor; pN: Pathological staging of regional lymph nodes,
‘pNþ’ meaning presence of nodal metastases and ‘pNx’ unknown nodal status.
All p-values < 0.05 are in bold.
aTested with Chi-Square Test.
bTested with Fisher’s Exact Test.
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Figure 2. Kaplan–Meier overall survival curve for all patients with urothelial muscle-invasive bladder cancer (cT2-T4aN0M0) undergoing neoadjuvant chemotherapy
and radical cystectomy between 2008 and 2014 at four Swedish cystectomy centers (n¼ 120). The cohort was divided into two groups depending on if the
patients received blood transfusions during NAC, or not (blood yes and blood no).

Table 2. Cox proportional hazard model.

Univariate Multivariate

HR CI (95%) p-Value HR CI (95%) p-Value

pT stage
pT0 (ref.) <.0001 <.0001
pTis 2.07 0.672–6.370 .205 2.528 0.782–8.171 .121
pTa 0.691 0.090–5.300 .722 0.862 0.110–6.739 .887
pT1 1.264 0.285–5.605 .758 1.374 0.294–6.427 .687
pT2 1.333 0.608–2.924 .473 1.679 0.736–3.834 .218
pT3 5.905 2.843–12.265 <.0001 6.713 3.076–14.653 <.0001
pT4a 5.405 1.734–16.841 .004 7.106 2.192–23.031 .001
pT4b 12.423 4.805–32.119 <.0001 11.159 23.801–32.759 <.0001

pN stage
pN0 (ref.) .0004 .009
pNþ 2.357 1.275–4.358 .006 1.168 0.572–2.384 .671
pNx 3.589 1.723–7.476 .001 3.858 1.619–9.197 .002

Blood transfusions during NAC (blood no ¼ ref.) 1.659 1.002–2.749 .049 1.168 0.674–2.025 .58
Age 1.021 0.984–1.060 .264
Sex (male¼ ref.) 1.071 0.570–2.012 .831
CACI 1.097 0.901–1.336 .355
ASA 1.124 0.760–1.664 .558
Peri- and postoperative blood transfusions (no ¼ ref.) 0.993 0.452–2.182 .986

Uni- and multivariate analysis of proportional hazards. pT: Pathological staging of the primary tumor; pN: Pathological staging of regional lymph nodes, ‘pNþ’
meaning presence of nodal metastases. Blood transfusions during NAC: blood transfusions during neoadjuvant chemotherapy (NAC); the variable was divided
into two groups depending on if the patients received blood transfusions during NAC, or not (blood yes and blood no); CACI: Age-adjusted Charlson
Comorbidity Index; ASA: American Society of Anesthesiologists Physical Status Classification System; Peri- and postoperative blood transfusions: Patients receiving
peri- and postoperative blood transfusions in conjunction with cystectomy; CI: Confidence interval; HR: Hazard ratio.
All p-values < 0.05 are in bold.
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effect of blood on survival is primarily conveyed in its effect
on tumor progression. This hypothesis may explain why no
independent effect of blood is seen when adjusted for pT
and pN status, since the link between blood and survival
would be mediated by tumor progression.

Lymph node status

It is well established that nodal dissemination is associated
with poor survival [18]. Yet, in this cohort, only unknown
nodal status (pNx) was an independent negative prognostic
factor. The reasons for not performing lymph node dissection
(LND) in pNx patients were due to local tumoral spread
(n¼ 2), extensive fibrosis in the area (n¼ 5), and reasons
unknown (n¼ 5). This uncertainty clearly signals a limitation
of the study, especially when 20% of the blood yes group
lacked nodal staging compared to 5% in the blood no group.
Since pNx was a stronger negative predictor for survival than
pNþ in both uni- and multivariate analyses, we suspect pNx
to be a surrogate marker for regionally advanced disease.
The high proportion of pT4b, pNþ and pNx in the blood yes
group clearly signals a more advanced disease in this stra-
tum of patients.

Limitations

There is a risk of bias when variables are selected and ana-
lyzed retrospectively. This cohort was stratified according to
transfusion status during NAC. Although the two patient
groups showed similar clinicopathological characteristics at
the preoperative staging, they did differ in the distribution of
sex and hemoglobin status at time of primary TURB. This
imbalance might affect clinical outcome as it is well known
that women tend to have more aggressive urinary bladder
cancer compared to men [19] and anemia is associated with
shorter survival times [20]. In addition, it is plausible that the
patients receiving transfusions had lower hemoglobin levels
and received blood as a consequence of having an under-
diagnosed, more advanced cancer from the start.
Furthermore, patients included after June 2013 have contrib-
uted with less than five years of observation at time of ana-
lysis and postoperative TNM-staging was not fully completed
in terms of nodal staging.

Concluding remarks

To our knowledge, this is the first time that patients with
muscle-invasive urothelial bladder cancer undergoing neoad-
juvant chemotherapy and radical cystectomy are examined
with regard to allogenic blood transfusions during neoadju-
vant chemotherapy. The findings may indicate a plausible
association between allogenic blood products during chemo-
therapy and adverse pathological and clinical outcomes. The
findings warrant studies on larger cohorts and further experi-
mental translational research on the effects of blood transfu-
sions in cancer patients undergoing chemotherapy.
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