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Objectives: We investigated ABO blood groups
prevalence according to preoperative and
pathological tumor characteristics, and their association with
oncological outcomes, and renal function decline in a contempo-
rary large cohort of bladder cancer (BCa) patients, who under-
went radical cystectomy (RC) at a tertiary referral center.
Materials and Methods: We retrospectively evaluated data of
patients with histologically confirmed and clinically non metastat-
ic BCa, who underwent RC between 2014 and 2021 at our
Institution. Kaplan-Meier (KM) plots and Cox regression (CR)
models tested the relationship between ABO blood groups and
local recurrence-, metastasis-, cancer specific mortality-, and
overall mortality-free survival. Logistic regression (LR) models
tested the association between ABO blood groups and renal func-
tion decline, defined as an estimated Glomerular Filtration Rate
(eGFR) < 60 mL/min, at post-operative day 1, discharge and 6-
months of follow-up.

Results: Of 301 included patients, 128 (42.5%) had group A, 126
(41.9%) had group 0, 28 (9.3%) had group B, and 19 (6.3%) had
group AB. Patients with group 0 developed higher rates of mus-
cle-invasive BCa (p = 0.028) with high-grade features (p = 0.005)
at last bladder resection, and less frequently received preopera-
tive immunotherapy with Bacillus of Calmette-Guerin (p =
0.044), than their non-0 counterparts. Additionally, these patients
harbored more advanced pathologic tumor stage at RC (p =
0.024). KM plots showed no differences among all tested cancer
control outcomes between ABO blood groups (p > 0.05 in all
cases). Patients with group AB presented the lowest median eGFR
at each time point. In multivariable LR analyses addressing renal
function decline, group AB was independently associated with
eGFR< 60 mL/min at discharge (Odds Ratio: 4.28, p = 0.047).
Conclusions: Among ABO blood groups, patients with group 0
exhibited the most aggressive tumor profile. However, no differ-
ences were recorded in recurrence or survival rates. Group AB
independently predicted renal function decline at discharge.
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INTRODUCTION

Bladder cancer (BCa) is the tenth most common cancer
among men and women and its mortality varies according
to sex, geographic location, race/ethnicity, risk factor expo-
sure, and availability of diagnostic and treatment modali-
ties (1). Currently, BCa is the eighth cause of cancer specific
mortality (CSM) in the United States, among both sexes (1).
Radical cystectomy (RC) with bilateral pelvic lymph node
dissection and urinary diversion after chemotherapy is the
gold-standard treatment for non-metastatic muscle-invasive
bladder cancer (MIBC) or recurrent high-risk non-muscle-
invasive bladder cancer (NMIBC) refractory to previous
intravesical therapies (2). BCa remains affected by a high
rate of local and distant recurrences, which are usually up
to 50%, especially in patients with advanced stage and
lymph node involvement (3). Several markers and nomo-
grams have been proposed for BCa survival and recurrence
prediction (4-6). However, no tool is strongly recommend-
ed by international guidelines in disease assessment (2),
and pathological tumor features remain the main predic-
tors of oncological outcomes and actually guide decision
making regarding use of secondary treatment or follow up
schedule (2). Among clinical factors, renal function seems
to impact oncological outcomes in NMIBC, MIBC, as well
as upper tract urothelial carcinoma. Renal function has a
pivotal role in patients’ eligibility to chemotherapy (7-9) or
different post-operative approaches choice, and in a more
adequate follow-up schedule (10, 11).

ABO blood group is commonly assessed in every patient
before RC due to the risk of blood transfusion during and
after surgery. The role of ABO blood group system as a
predictor of oncological outcomes has been previously
investigated among other malignancies due its implica-
tion in cellular dynamics (12). Specifically, many authors
have already shown the association between ABO blood
groups and survival in pancreatic (13), breast (14), and
gastro-intestinal tumors (15). Few studies investigated
the role of ABO blood group as a predictor of outcome in
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BCa, revealing controversial results (16-19). The aim of
this study is to investigate the prevalence of ABO blood
groups and their distribution according to patients’ char-
acteristics and pathological tumor features, in addition to
determining the association between ABO blood groups
and renal function decline and oncological outcomes in a
contemporary cohort of BCa patients, who underwent RC
at a high-volume tertiary center.

MATERIALS AND METHODS

Population, data collection and evaluation

of parameters

Data collected from patients with histologically con-
firmed and clinically non metastatic BCa, who were treat-
ed with RC at the Department of Urology at the University
of Verona between September 2014 and February 2021,
were retrospectively evaluated. Informed consent was
obtained for all subjects. The indication for surgery was
given in presence of MIBC or history of high-risk NMIBC
refractory to previous intravesical treatment, according to
international guidelines (2).

For each patient the ABO genotype blood group system was
assessed preoperatively by the Department of Transfusion
Medicine. Blood groups were rtoutinely determined on
microplates using LIFE reagent and instrumentation
(AstraFormedic, De Mori Group). Additional personal infor-
mation such as age, Body Mass
Index (BMI; kg/mz), smoking histo-
ry and Charlson Comorbidity Index
(CCI) were collected. Preoperative

Table 1.

and number of metastatic lymph nodes, by dedicated uro-
pathologists. Pelvic lymph node dissection was performed
according to international recommendations and the tem-
plate used included the external iliac, obturator, Cloquet
and Marcille lymph nodes sites (2). All surgical procedures
were performed by five experienced and dedicated sur-
geons, two of whom were classified as high-volume.

Statistical analyses

Descriptive statistics included frequencies and propor-
tions for categorical variables. Median and interquartile
ranges (IQR) were reported for continuously coded vari-
ables. Kruskal-Wallis rank sum test, Fisher’s exact test and
Pearson’s Chi-squared test were used to examine the sta-
tistical significance of differences in medians and propor-
tions, respectively. Kaplan-Meier (KM) plots were utilized
to depict local recurrence-free survival (LREFS), metastasis-
free survival (MFS), CSM-free survival (CSMFS) and overall
mortality-free survival (OMFS), according to ABO blood
groups. Univariable and multivariable Cox proportional
hazards regression models tested the relationship between
ABO blood groups and oncological outcomes. Covariates
consisted of age, sex, pT stage, pN stage, presence of CIS,
PSM and LVI. Univariable and multivariable logistic
regression models were used to test the association
between ABO blood groups and renal function decline at
POD-1, discharge and 6-months follow up. All tests were
two-sided with a level of significance set at p < 0.05.

Descriptive statistics of 301 bladder cancer patients, who underwent radical cystectomy,
according to the ABO-blood group system.

athological features as NMIB
Eistory gtumor ora ding and Stagin(é Variable Overall 0 A B AB p-value?
’ 301(100)! | 126(41.9)" | 128 (425)' | 28(93)! | 19(6.3%)!
after last _trans-urethral bladder Age at surgery (years) 70(62,77) 70 (63,77) 7060, 77) 69 (60, 74) 72 (68, 77) 0.4
resection (TURB), as well as local = v L ' : ' : 0'1
immunotherapy  administration Femle 62(206) ne | 2wy | 8 1653) '
were reported. Tumor staging was Male 239 (19.4) 9 (75.4) 106 (329) 20 (714) 18(94.7)
assessed according to the tumor, Body Mass Index (kg/m?) 259(238,286) | 25.8(234,286) | 256 (238, 28.1) | 265 (239, 29.0) | 269 (256,295) | 04
node, metastasis (TNM) classifica- Smoking history 226 (15.9) 91(728) 94 (74.6) 26(85.7) 17(895) 03
tion by the Union International Diabetes Melitus 56 (18.6) 20(159) 25 (195) 3(107) 8 (420) 0.049
Contre le Cancer (UICC, 8™ edition) Charlson Comorbidit Inde 01
(20), whereas tumor grading was <2 172 (57.1) 76 (60.3) 70 (54.7) 18 (64.3) 8(42.)
assessed according to the World ) 129 (429) 50(30.7) 58 (45.3) 10 (%5.7) 11 (57.9)
Hedlth Organization (WHO) 2004- Preoperative BCG administration 88(29.2) 29(23) 45(35.1) 9(33.1) 5(26.3) 0.2
2016 classification system (21). Clinin;?llaéummsmge e 137 (455) 48 (38.1) 64 50) 13 (46.4) 12(631) "
Additionally, estimated glomenular MIBC 164 (545 78 (619) 64 50) 15 (536) 7(3%9)
filtration rate (eGFR) according to rding (UR8) o
Chi’OﬂiC Kldney Disease Epldemlology Low grade 15(52) 1(08) 11(89) 0(0) 3(158)
Collaboration (CKD-EPI) equation High grade 273 (949) 119 (99.2) 11391) 25 (100) 16(342)
(22), was assessed preoperatively, Pathologic tumor stage NRY
at post-operative day 1 (POD-1), at pT0-TL 119(39.7) 15 (36) 55 (43) 10(35.7) 9(47.4)
discharge and at 6 months of follow m 4 (1AT) 112 2(158) 5178 5(%83)
up. Renal function decline was E}i 834(?17;;) 450(?165) gg gég; 67%15?) gﬁgg
defined as an eGFR < 60 mL/min at Presence of C1S at final pathology 8 28) 35 (29) 37(289) §2L4) §(3L6) 09
each evaluated timepoint. After RC | 5o g (%) %283 | 1364 2011 | 00w
surgical specimens were evaluated Number of mph nodes emoved | 22(15,30) | 22(15,28) | 20(14,30) | 26(20,30) | 21(1430) 04
for tumor stage, grade, concomi- Lymph vascular invasion 149 56) 68 (60.) 63 (55.3) 12(61) 646.1) 05
tant presence of carcinoma in situ Posfive surgcal margins 34 (113) 15(119) 1186 5179 3(159) 04
(CIS?’ ly mp h YCLSCLLZCLT mvgswn (LVD’ * Median (IQR); n (%) 2 Kruskal-Wallis rank sum test; Fisher's exact test; Pearson's Chi-square test * p-value not estimable.
positive Surglcal margins (PSM), BCG, Bacillus Calmette Guerin; TURB, trans urethral bladder resection; NMIBC, non-muscle-invasive biadder cancer; MIBC, muscle-invasive bladder cancer; CIS, carcinoma in situ.
number of lymph nodes removed,
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R software environment for statistical computing and
graphics (version 4.1.2) was used for all analyses (R: the R
Project for Statistical Computing. https://www.r-project.org).

REsuLTs

Study population

Overall, 301 patients were included of which 128 (42.5%)
had group A, 126 (41.9%) had group 0, 28 (9.3%) had
group B, and 19 (6.3%) had group AB (Table 1).

The ABO blood group antigens were only associated with
the presence of diabetes mellitus (p = 0.049), tumor grade
at last endoscopic procedure (p = 0.002) and pathologic
lymph node involvement (p = 0.047). No other statistical-
ly significant differences were recorded among demo-
graphic and preoperative patients’ characteristics or patho-
logical tumor stage distribution. Subgroup analysis
showed that patients with group 0 developed higher rates
of MIBC (p = 0.028) with concomitant high-grade fea-
tures (p = 0.005) at last bladder resection, and in
consequence received less frequently preoperative
immunotherapy with Bacillus of Calmette-Guerin (BCG,
p = 0.044), compared with their non-0 counterparts.
Moreover, these patients harbored more advanced patho-
logical tumor stage (T2-4) at RC compared with non-0
patients (p = 0.024, Table 2).

Impact of ABO blood groups

on oncological outcomes

Median follow up was 22 months (IQR 9-48). Of 248
patients with available follow up data, 43 (17.3%) devel-
oped local disease recurrence, 63 (25.4%) experienced
metastatic progression, 74 (29.8%) died due to any causes,
and 52 (21.0%) died due to BCa. KM plots illustrated the
relationship between ABO blood groups and LRFS, MFS,
CSMFS and OMFS, respectively (Figure 1). No statistically
significative difference was recorded between the four
groups for all tested cancer control outcomes (p > 0.05).

Univariable and multivariable Cox proportional hazards
regression models confirmed that ABO blood group system
was not an independent predictor for all tested oncological
outcomes, even after adjustment for all covariates (Table 3).

Table 2.

Descriptive statistics of 301 bladder cancer patients,

who underwent radical cystectomy, according to ABO-blood
group system: O vs. non-0.

Variahle 0 non-0 (A, B,AB) p-value 2
126 (41.9)* 175 (58.1)*
Age at surgery (years) 70(63,77) 70 (60, 77) 04
Sex 0.1
Female 31 (24.6) 31(17.7)
Male 95 (75.4) 144 (82.3)
Body Mass Index (Kg/m?) 25.8 (234, 28.6) 26.1 (239, 28.6) 04
Smoking history 91(73) 135 (78) 03
Diabetes Mellitus 20 (15.9) 36 (20.6) 04
Charlson Comorbidity Index 03
<2 76 (60.3) 96 (54.9)
>2 50 (39.7) 79 (45.1)
Preoperative BCG administration 29(23) 59 (34) 0.044
Clinical tumor stage (TURB) 0.028
NMIBC 48 (38.1) 89(50.9)
MIBC 78 (61.9) 86 (49.1)
(Grading (TURB) 0.005
Low grade 1(0.8) 14(8.3)
High grade 119(99.2) 154 (91.7)
Pathologic tumor stage 0.024
pr0-1 45 (36) T4 (42.3)
p12 14(112) 30(17.1)
pr3 46(36.8) 37(21)
pr4 20 (16) 34 (19.5)
Presence of CIS at final pathology 35(28) 49 (28) 0.9
Pathologic lymph node involvement 45 (36) 51(29) 0.2
Number of lymph nodes removed 22 (15, 30) 22 (15,28) 0.9
Lymph vascular invasion 68 (60) 81(53) 0.2
Positive surgical margins 15(12) 19(11) 08
* Median (IQR); n (%) 2 Wilcoxon rank sum test; Pearson's Chi-square test.
BCG, Bacillus Calmette Guerin; TURB, trans urethral bladder resection; NMIBC, non-muscle-invasive bladder cancer;
MIBC, muscle-invasive bladder cancer; CIS, carcinoma in situ.

Variahle Local Recurrence Metastatic progression Cancer Specific Mortality Overall Mortality K;‘;{e 3', ble G
HR(5C)T  puae | HR(GC)T  puae | FR5%C)T  puaie | HR(G5HC)! pralle ultivariable “ox

ABO Blood group proportl.onal hazards
Avs.0 09045179 08 1150086, 06 105(057,1%) 09 141(083,2.39) 0w | egge,sf,"’” Im°7e’5
Bys.0 038(008,175) 02 070(023,241) 05 08(023,278) 07 119(047,3) 07 | Predicting loca )
ABs.0 368(0.98,1384)  0.054 056(0.07,421) 06 113(0.26,499) 09 1.14(0.34, 3.85) 08 recurrence, metastatic

Age at surger (jears) 097(09,1) 008 | 105102108 0008 | L05(L0L108 0005 | 106(L03,109)  <ooor | Progression, cancer

Sex specific mortality and
Male vs. Female 102(045,235) 09 0.86(044,166) 07 106(052,215 09 09(05,162) 07 g‘g aé’l fzgrfallty, n

Pathologic tumor stage by ta F;: cancer
pT2 vs. pTOTL 270(061,1201) 02 085(025,29) 08 124(026,580) 08 091 (0.3, 2.74) 09 | patents, who
pI3vs. pro-T1 389(089,17.07) 007 145(049,43) 05 174(043,698) 04 146 (0.56, 3.78) 04 underwent radical

pT4 vs. pT0-T1

560 (115, 2750 0033

262(083,7.5) 04

4.04(0.97,16.78)  0.055

306(L12,835) 0029

Presence of CIS at final pathology
Yesvs. No

1.94(0.99,3.78)  0.063

098(054,1.77) 09

155(0.83,2.86) 0.2

152 (0.91, 2.53) 0.1

Pathologic lymph node status
pN1-2-3 vs pNO

230 (1.13,471)  0.022

216(12,388)  0.010

231(1.22,435  0.010

1.72 (1.01, 2.94) 0.046

Surgical margins status

Positive vs. Negative 0.64 (0.2, 1.84) 04 1.3(0.61, 2.76) 05 1.05(0.48,227) 09 1.05 (0.53, 2.08) 09
Lymph vascular invasion
Yesvs. No 1.69 (0.54, 5.31) 04 1.59(0.66,3.85) 0.3 25(0.82, 7.67) 01 1.41 (0.65, 3.06) 04

L1HR = Hazard Ratio, CI = Confidence Interval.
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Figure 1.

Kaplan-Meier plots illustrating (a) local recurrence free survival, (b) metastasis free survival, (c) cancer specific mortality free
survival, (d) overall mortality free survival, in 248 bladder cancer patients, who underwent radical cystectomy with available
follow up data, stratified according to the ABO-blood group system.
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Association between ABO blood groups

and renal function decline

Patients with group AB exhibited the lowest median eGFR
at each specified time point compared to their non-AB
counterparts (66.4 vs. 47.8 vs. 57.9 vs. 52.8 mL/min at pre-
operative evaluation, POD-1, discharge, and 6-months fol-
low up, respectively). Conversely, patients with group B
exhibited the highest median eGFR at the preoperative
evaluation (78.6 ml/min), as well as at POD-1 (70.6
ml/min) and at discharge (70.4 mL/min).

Finally, patients with group O exhibited the highest medi-
an eGFR 6 months after RC (71.2 mL/min). However, a
statistically significative difference among median eGFR
within ABO blood groups was recorded only at discharge
(p = 0.030), as shown in Supplementary Figure 1.

In univariable logistic regression models addressing renal
function decline at each specified time point, AB group
strongly predicted eGFR < 60 mIL/min at discharge (Odds
Ratio [OR]: 3.27, p = 0.025. Supplementary Table 1). In
multivariable logistic regression models AB group
remained an independent predictor of renal function

decline at discharge even after adjustment for age, pre-
operative eGFR, CCI, urinary derivation type and post-
operative complications (OR: 4.28, p = 0.047).

DiscussioN

The role of ABO blood group system as a predictor of
oncological outcomes in BCa is not well established. The
ABO gene is located in the long arm of chromosome 9
(9934) (23), and encodes a specific glycosyl transferase,
which catalyzes the addition of a monosaccharide to the H
antigen, thereby generating surface antigens A and B (23).
ABO blood group antigens are involved in various biolog-
ical mechanisms. They are expressed on the erythrocytes’
surface, as well as on the surface of many types of epithe-
lial cells, including urothelial cells (23). Interestingly, ABO
antigens are mutated or absent in tumor cells in BCa (24).
Loss of blood group antigens on the cell surface can affect
cell adhesion, cell signaling, and immune surveillance,
crucial factors in the development and progression of can-
cer (25). The main evidence for this effect has been stud-
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ied in stomach and pancreatic tumors (13, 15). Two large
independent prospective studies showed that compared to
patients with group 0, the risk of pancreatic cancer is 1.3
to 1.7-fold higher for patients with non-0 blood type (13).
Among urological malignancies, more than 40 years ago,
Cazzola et al. showed in a small population that ABO anti-
gens were present on urothelial cells’ surface and that their
concentration decreased in less differenced urothelial
tumors (26). Joh et al. reported an increased risk of devel-
oping renal cell carcinoma (RCC) among female patients
with non-0 blood groups. However, no survival differ-
ences were recorded between RCC patients according to
blood groups (27). In prostate cancer, Porcaro et al. found
in 1114 patients, who underwent robot-assisted radical
prostatectomy that the risk of PSM was increased in group
0-patients independent of other standard preoperative fac-
tors as an expression of more aggressive disease (28).

The association between ABO blood groups and oncologi-
cal outcomes in BCa was previously studied by other inves-
tigators with controversial results. In the current study, we
observed that group 0 was associated with a worse patho-
logical tumor stage (p = 0.028) and a higher tumor grade
(p = 0.05) at the time of last TURB before RC, as well as
with more advanced pathological tumor stage at the defin-
itive histological examination after RC (p = 0.024).
However, these findings did not affect prognosis and sur-
vival, due to no statistically significative differences noted
among LRFS, MFS, CSMFS and OMFS according to ABO
blood groups. A historical report by Orihuela et al. showed
that ABO blood group system was not associated with stage
at presentation in 494 newly diagnosed BCa patients.
However, among patients with NMIBC, those who had
group 0 more frequently harbored higher-grade tumors
and experienced progression to advanced disease than
their non-0 counterparts (29). Similarly, Klatte et al. in a
retrospective cohort including 931 BCa patients, found
that individuals with blood group 0 had higher recurrence
and progression rates than those with group A or B (all p <
0.05) (30). Engel et al. examined a case series of 511 BCa
patients, who underwent RC between 1996 and 2011 and
found no differences in survival between the four ABO
blood groups (17). Similarly, in a recent single-institution
study, D'Andrea et al. analyzed data of 463 BCa patients,
who underwent RC between 1988 and 2003. These
authors observed that ABO blood group system was not
associated with oncological outcomes. Rather, Rhesus-pos-
itive patients had an increased risk of relapse-free survival,
as well as of CSM and OM, when compared to Resus-neg-
ative patients. However, these associations were not con-
firmed after multivariable adjustment (19). Finally, a large
multicenter study involving 7906 BCa patients, demon-
strated that blood group B was associated with higher mor-
tality when compared with other blood groups (p = 0.026).
However, even in this case, statistical significance disap-
peared in multivariable analysis (16). In contrast,
Gershman et al. retrospectively evaluated data of 2086 BCa
patients, who underwent RC between 1980 and 2008, and
observed that non-0 groups, and in particular group A, was
associated with higher CSM (HR: 1.23; p = 0.007) (18).
In the current study we also tested the association between
ABO blood group system and renal function decline after
surgery. Interestingly, we observed that patients with
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group AB exhibited the lowest median eGFR values at
POD-1, discharge and after 6 months follow up, compared
to A, B, and 0 blood group patients. However, a statistical-
ly significant difference was recorded only at discharge (p
= 0.030). Similarly, in multivariable logistic regression
models, where group 0 was the referent, AB was associat-
ed with a 4-fold higher risk of renal function decline at dis-
charge (p = 0.047). These results could be partially attrib-
utable to a more guarded pre-operative clinical conditions
of AB patients. Additionally, most AB patients were dia-
betic (p = 0.049). This study might be in line with stud-
ies demonstrated an higher thrombotic risk in AB-
patients with non-valvular atrial fibrillation (31), as well
as a higher incidence of cardiovascular diseases in non-0
patients (32), which may induces renal failure.

The present study is not devoid of limitations. First, the
current investigation is retrospective and suffers of the bias
related to these types of studies. Second, despite our data
being sourced from a high-volume center for BCa treat-
ment, the overall sample size is limited. In consequence,
our observations required interpretations that account for
marginal sample sizes and comparisons of small sub-
groups. In this context, the observed number of BCa
patients with group B and AB was very small. However,
the prevalence of ABO blood groups recorded in the cur-
rent study corresponded to the general ABO frequency and
distribution reported in previous larger historical analyses.
Additionally, various surgeons as well as pathologists were
involved, and ABO blood group antigen expression within
the tumor as well as Rhesus factor were not assessed. In
the future, a combined evaluation of the patient's blood
group and the degree of ABO antigen expression within
the tumor is needed in higher level studies.

CoNCLUSIONS

Among ABO blood groups, patients with group O exhibited
the most aggressive tumor profile. However, no differences
were recorded in recurrence or survival rates. Patients with
group AB presented the lowest median eGFR at each spec-
ified time point. Group AB was independently associated
with eGFR < 60 ml/min at discharge.
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