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Abstract

Purpose To validate the relationship between ABO blood type and risk of VTE post-RC in a large retrospective database.
Methods Patients with urothelial bladder cancer (UBC) who underwent RC (intent-to-cure) for whom ABO blood type was
available between 2003 and 2015 were identified from our IRB-approved database. VTE was defined as deep vein thrombo-
sis (DVT) or pulmonary embolism (PE) within 90 days of surgery. VTE prophylaxis consisted of immediate postoperative
Coumadin (2003-2009), unfractionated heparin (UFH) during hospitalization (2009—2015), and UFH during hospitalization
plus 4 weeks of enoxaparin after discharge (2013-2015). Univariable and multivariable analyses of the association of ABO
blood type with postoperative, symptomatic VTE and oncologic outcomes were performed.

Results Of 1341 patients, 595 (44.4%) were ABO type O and 746 (55.6%) were non-O (A, B and AB). 90 patients were
diagnosed with VTE within 90 days of surgery (6.7%) (43% DVT-only, 57% PE £ DVT). On multivariable analysis non-O
blood type was associated with a nearly twofold increased risk of VTE (OR =1.94, 95% CI 1.215-3.098, p=0.004). No
difference in recurrence-free survival or overall survival was seen between ABO groups.

Conclusion Non-O blood type is an independent, non-modifiable risk factor for postoperative VTE after RC. More compre-
hensive counseling and thromboprophylaxis should be considered in this high-risk group.
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Radical cystectomy (RC) carries the highest risk of post-
operative VTE in urologic surgery and is associated with
significant morbidity and mortality. Surveys of the Nation-
wide Inpatient Sample (NIS) and American College of
Surgeons National Surgical Quality Improvement Program
(ACS-NSQIP) databases found symptomatic VTE rates
of up to 6%, with over half of diagnoses being made after
discharge [1-3]. VTE in this setting was associated with
increased hospitalization costs and up to five times the risk
of in-hospital mortality [1, 4]. Given this, risk-stratification
and VTE prevention for patients undergoing RC for bladder
cancer has come into focus. The 2014 American Urological
Association (AUA) best practice statement for VTE preven-
tion recommended that these patients should be considered
high risk and emphasized the importance of pharmacologic
prophylaxis, although these recommendations focused only
on anticoagulation during hospitalization [5].
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In addition to malignancy and pelvic surgery, several
risk factors for postoperative VTE after RC have been
identified, including body mass index, surgical margins,
diversion type, length of hospitalization, age, sepsis and
neoadjuvant chemotherapy [1, 6, 7]. Recently, ABO blood
type has also been identified as a potential genetic risk
factor for the development of VTE after radical prostatec-
tomy [8] and RC [9], with non-O blood type (A, B, or AB)
conferring an increased risk of VTE. Wang et al. [9] were
the first to report this association in RC; however, details
regarding thromboprophylaxis were largely unavailable in
their cohort that spanned almost 30 years, and only 25% of
patients received prophylaxis at all.

Herein, we attempt to validate the protective role of
blood type O in the formation of VTE after RC using a
large institutional database that includes detailed informa-
tion about thromboprophylaxis. By better understanding
non-modifiable risk factors for VTE in this setting, we
hope to improve our ability to tailor management in those
that are at highest risk.

Materials and methods

All subjects were part of an IRB-approved database. From
2003 to 2015, 1729 consecutive patients underwent RC
for urothelial carcinoma (UC) at our institution. Patients
whose surgery was non-intent to cure (T4b, >M]1), those
with incomplete records and those for whom ABO blood
type was not available were excluded, leaving 1341
patients who comprised the study cohort. All patients
underwent open RC with extended pelvic lymph node dis-
section using an institutionally standardized approach as
previously described [10].

Phenotypic blood type (A, B, AB, and O) was col-
lected through retrospective review of patient records and
then grouped by either blood type O (n =595, 55.6%) or
non-O (n="746, 55.6%) (A, B, and AB). VTE was defined
as any DVT or PE that presented symptomatically and
was confirmed by appropriate imaging (ultrasound, ven-
tilation/perfusion scan or computerized tomography pul-
monary angiogram). No screening for asymptomatic VTEs
occurred.

Clinicopathologic variables including age, gender, body
mass index (BMI), Charlson comorbidity index (CCMI),
smoking history, chemotherapy status and pathologic stag-
ing were recorded. Intraoperative variables, blood trans-
fusion, diversion type, anticoagulation type and timing,
length of stay (LOS) and Enhanced Recovery After Surgery
(ERAS) enrollment were examined. 90-day postoperative
complications were analyzed and graded by Clavien—Dindo
classification.
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Anticoagulant use

There were three eras of thromboprophylactic regimens:
immediate postoperative Coumadin (2003-2009), postop-
erative subcutaneous heparin until discharge (2009-2015),
and postoperative subcutaneous heparin until discharge plus
28 days of enoxaparin (2013-2015). From 2009 onwards, all
patients received 5000 units of heparin prior to incision. In
all periods, sequential compression devices were used and
early mobilization was emphasized.

Statistical analysis

The chi-square test was used to compare qualitative cat-
egorical variables and Wilcoxon test for quantitative data.
Univariable and multivariable step-wise logistic regression
models were used to identify predictors of VTE. Covari-
ates included age, BMI, cancer stage, node status, and pre-
operative chemotherapy.

Results

Median length of follow-up for the cohort was 4.6 years.
1063 (79.3%) patients were male. Median age of the cohort
was 70, median BMI was 27.1 and median LOS was 8 days.
191 (14.2%) patients received adjuvant while 257 (19.2%)
received neoadjuvant chemotherapy. 905 patients under-
went an orthotopic urinary diversion (67.4%). 595 (44.4%)
patients were blood type O and 746 (55.6%) were non-O (A,
B and AB). No significant differences were noted between
those with O vs. non-O blood type regarding age, BMI,
CCMLI, smoking history, LOS, or pathologic stage (see
Table 1).

VTE within 90 days of surgery were recorded in 90
patients (6.7%), of which 39 (43%) were DVT only, and
51 (57%) were pulmonary embolism with or without
DVT. The median time to diagnosis of VTE was 20.5 days
from surgery. Documented thromboprophylaxis informa-
tion was available and confirmed for 1187 patients (89%).
428 patients received immediate postoperative Coumadin
(2003-2007), 407 received heparin preoperatively and
every 8 h until discharge (2007-2012), and 352 received
this in addition to 28 days of low-molecular weight heparin
(LMWH) after discharge (2013-2015).

There were no differences in complication rates between
blood groups in regards to overall complications or grade at
30 days (p=0.43) or 90 days (p=0.18); there were no differ-
ences in bleeding complications between different prophy-
laxis regimens (see Table 2). In patients who experienced
VTE, there were nine high-grade complications at 90 days,
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Table 1 Patient characteristics

. . Variable (median) (%)  Non-O (A, B, AB) (n=746) Total non-O  p-value
and perioperative outcomes by
ABO blood type O (n=595) A @m=520) B®n=163) AB (n=63)
Age (years) 70.3 70.2 70.5 70.8 70.3 0.24
Female 122 (21) 106 (21) 37 (23) 13 (21) 156 (21) 0.44
BMI (kg/m?) 274 26.8 26.7 26.7 26.8 0.31
Hospital Stay (days) 8 8 8 8 8 0.08
Operative Time (hours) 5.9 6 5.9 5.7 6 0.25
Orthotopic diversion 418 (70) 342 (65) 109 (66) 36 (57) 487 (65) 0.11
Pathologic stage
<pT2 363 (61) 300 (57) 90 (55) 36 (57) 426 (57) 0.8
>pT3 102 (17) 103 (19) 33 (20) 11 (17) 147 (20)
pN+ 130 (21) 117 (22) 40 (24) 16 (25) 173 (23)
Chemotherapy
Neoadjuvant 120 (21) 92 (18) 35(22) 10 (16) 137 (18) 0.54
Adjuvant 85 (15) 79 (16) 20 (13) 7 (12) 106 (14) 0.7
ERAS (+) 180 (31) 139 (28) 50 (31) 10 (16) 199 (27) 0.07
VTE within 90 days 27 (4.5) 43 (8.2) 15(9.2) 5(7.9) 63 (8.4) 0.04
Zz?ri:lzicai?onzn:xzﬁlggg VTE ABO blood type
stratified by ABO blood type Complications (6] A B AB Total p value
according to Clavien—Dindo
grading classification 30 days
Low 173 (29%) 146 (28%) 54 (33%) 16 (25%) 389 (29%) 0.43
High 45 (7.5%) 39 (7.5%) 17 (10%) 8 (12%) 109 (8.1%)
90 days
Low 195 (32%) 170 (32%) 50 (30%) 17 26%) 432 (32%) 0.18
High 71 (11%) 57 (10%) 31 (19%) 10 (15%) 169 (12%)

all of which were in those with PE: seven Grade I'Va and
two Grade V complications. All Grade IV complications
represented transfer to an intensive care unit for some degree
of hemodynamic instability. Both mortalities were related to
PE. Between blood type O and non-O groups, no differences
in 90-day readmission rate, recurrence free survival (RFS)
or overall survival (OS) were found (Fig. 1 and 2).

On univariable analysis > pT3 (p=0.004), pN+
(p=0.03), presence of lymphovascular invasion and adju-
vant chemotherapy approached significance at p=0.07 and
p=0.06, respectively. Multivariable logistic analysis was
performed controlling for age, BMI, neoadjuvant chemo-
therapy, and pathologic stage (Table 3). Four predictors
of VTE were identified: non-O blood type [OR =1.94,
95% CI (1.215-3.098), p=0.004], BMI [OR =1.05, 95%
CI (1.002-1.090), p=0.04],>pT3 [OR=1.66, 95% CI
(1.007-2.722), p=0.003], pN+ [OR=1.32, 95% CI
(0.772-2.250), p=0.02]. Age older than 65, adjuvant
chemotherapy (p =0.06), transfusion, margin status, receipt
of neoadjuvant chemotherapy and enrollment in our ERAS
protocol did not impact the incidence of VTE. No significant
difference was observed in the rates of overall VTE, DVT

only, or PE with or without DVT between the three prophy-
lactic eras (p =0.48).

Discussion

In this large retrospective series of UBC patients undergoing
radical cystectomy, we found a 90-day, symptomatic VTE
rate of 6.7%. This is comparable to our previous report as
well as others in the literature [1, 2, 6]. Four risk factors
were identified on multivariable analysis: locally advanced
disease, nodal disease, BMI and non-O blood type. Non-O
blood type was associated with a nearly twofold increased
risk of symptomatic VTE within 90 days after RC compared
to those with blood type O [4.5% (27/595) versus 8.45%
(63/746)]. Nineteenth day complication rates were not differ-
ent otherwise. Additionally, ABO blood type did not predict
a difference in survival outcomes.

Our study validates the findings of Wang et al., who
examined over 2000 RC patients and also found that non-O
patients carried a twofold risk of VTE postoperatively.
A limitation of the Wang study was that information
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Fig. 1 Kaplan—-Meier survival
estimates of recurrence-free
survival among patients
undergoing radical cystectomy
for urothelial carcinoma based
on ABO blood type. Blue

line = patients with ABO type
O, green line = patients who
ABO type non-O; log-rank test;
p=0.99

Estimated Probability of Recurrence-Free
Survival

—Blood Type O

—Blood Type Non-O

p=0.99
log-rank test

Number at risk
O-type 595 386

Non-O type 746 514

Fig.2 Kaplan—Meier survival
estimates of overall survival
among patients undergoing
radical cystectomy for urothelial
carcinoma based on ABO

blood type. Blue line = patients
with ABO type O, green

line = patients who ABO type
non-O; log-rank test; p=0.46
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regarding VTE prophylaxis was largely unavailable, likely
due to the fact that the cohort spanned nearly three dec-
ades. Their survey of the most recent 100 patients showed
that 25% received thromboprophylaxis. In this study, we
were able to confirm specific prophylactic regimens in
89% of the cohort. 352 (26%) patients received extended

@ Springer

T T T T T T T T 1

2 3 4 5 6 7 8 9 10
Years Since Surgery

333 290 215 163 118 97 78 54 36

457 385 287 218 175 134 102 69 41

prophylaxis with 4 weeks of LMWH after discharge,
which reflects current trends of prophylaxis.

The pathophysiologic basis for a link between ABO
group and thrombosis has been well described and involves
von Willebrand Factor (vWF) [11]. Circulating vWF is a
carrier molecule for Factor VIII in serum, preventing its
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Table 3 Multivariate logistic regression of venous thromboembolism
risk factors

Variables Odds ratio (95% CI) p value
Non-O (reference =0) 1.94 (1.215-3.098) 0.004
Age 1.011 (0.989-1.033) 0.6
BMI 1.045 (1.002-1.090) 0.04
Pathologic stage
>pT3 1.656 (1.007-2.722) 0.003
LN+ 1.318 (0.772-2.250 0.02

Neoadjuvant Chemotherapy 0.634 (0.335-1.199) 0.1

degradation and thereby promoting thrombosis. vVWF also
promotes platelet adhesion by crosslinking platelets to
exposed subendothelial collagen via platelet surface receptor
GP1B [12]. Individuals with blood type O have an increased
rate of vVWF clearance compared to non-O blood groups,
with a half-life of 10 versus 25.5 h, resulting in 25% lower
levels of circulating vVWF [13—15] and thereby a less throm-
botic environment.

This difference in rate of vWF clearance may be
explained by the fact that vVWF protein contains sites for
glycosylation by N-acetylgalactosamine and D-galactose,
the glycosyltransferases that determine blood groups A and
B, respectively. This glycosylation of vWF with A and B
surface antigens in non-O individuals confers resistance
to proteolysis by ADAMTS 13, the enzyme responsible for
the majority of vWF degradation, while the absence of A
or B antigens in individuals of blood group O confers an
increased susceptibility to proteolysis. [16, 17] Interestingly,
our results mirror that of a meta-analysis of over 10,000
surgical and non-surgical cases from the literature which
found that VTE incidence in non-O patients was double that
of O-type patients making ABO type the biggest genetic
determinant of VTE in this analysis [18].

Not only does RC represent the highest VTE incidence in
urology, in oncology it is in fact second only to esophagec-
tomy according to a large survey of all commonly performed
cancer operations in the United States [19]. However, anti-
coagulation in this largely elderly population after a surgery
with potentially extended convalescence is not without risk,
namely, bleeding, the precise risk of which is difficult to
ascertain [20]. Of all major guideline statements only that
from the AUA offers procedure-specific thromboprophylaxis
guidelines, and none clearly address bleeding risk [21]. Tik-
kinen et al. in a meta-analysis found that overall in both open
and robotic RC (>4000 cases) the 4-week symptomatic VTE
rate without prophylaxis was 2—-12%, and risk of bleeding
requiring reoperation was low (0.3%). They concluded from
their modeling that prophylactic anticoagulation (largely
LMWH) decreased the risk of VTE by 50% and increased
the relative risk of major bleeding by 50%; given that risk

of significant late bleeding in RC is low, this did not result
in a significant increase in risk with anticoagulation [22]. A
Cochrane review of major abdominal or pelvic surgery did
not find any increased risk of significant bleeding associated
with extended LMWH [23].

There are a few additional considerations regarding VTE
and anticoagulation in an RC population. The first pertains
to the fact that renal insufficiency can result in suprathera-
peutic levels of LMWH. One group found that after RC up to
43% of patients have a decline in eGFR of which 13% have
a drop to the level at which LMWH would become suprath-
erapeutic [20]. A second specific concern in this setting is
that cisplatin has generally been associated with increased
risk of VTE in malignancy, with a meta-analysis of 38 ran-
domized controlled trials including two urologic trials find-
ing a HR of 1.67 for VTE in patients undergoing cisplatin
versus non-cisplatin-based regimens [24]. Furthermore, in a
multi-institutional study of 761 patients who received neo-
adjuvant, cisplatin-based chemotherapy (NAC) prior to RC,
Duivenvoorden et al. [7] found a VTE rate of 14%, with 58%
presenting pre-operatively. Although in our cohort receipt of
cisplatin-based NAC was not associated with increased risk
of 90-day VTE, there is good evidence suggesting cisplatin-
treated patients should also be considered to be at addition-
ally high risk.

In this study, ABO type was not associated with differ-
ences in RFS or OS. Another group recently found that in
this setting, patients with non-O type had slightly improved
RFS and cancer-specific survival (CSS), which bore out to
be a difference seen in only organ-confined patients [25].
This is logical given that once disease is advanced, stage will
be driving outcome and not ABO type. In our study, even in
patients with <pT2 disease, ABO type did not impact RFS
or OS. Given that the aforementioned group only found a
marginal difference, this is not surprising. Our findings are
consistent with two other published series that did not find
an association between ABO and oncologic outcomes after
RC [26, 27].

The optimal duration of thromboprophylaxis after radical
cystectomy remains unclear. After RC, over 50% of sympto-
matic VTE have been found after discharge, supporting the
use of prolonged prophylaxis [1, 6]. A Cochrane review of
4 RCTs of LMWH after major abdominal or pelvic surgery
found that overall, 4 weeks of prophylaxis reduced the rate
of DVT (asymptomatic and symptomatic) from 14 to 6%,
with no increase in bleeding risk [23, 28]. Recently, Pariser
et al. [29] retrospectively compared symptomatic VTE rates
between 234 patients who received heparin in hospital only
with 168 patients who received daily postoperative enoxa-
parin until day 28 after discharge, and found a reduction
from 12% to 5%.

Surprisingly, despite a large number of patients on
extended prophylaxis (352), we did not find a reduction
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in VTE events in our cohort. A prior study from our
institution has similarly shown that extended duration
VTE prophylaxis regimens have not decreased the rate
of VTE [6]. Given that this is a retrospective analysis a
few comments can be made. It is likely that there is some
sample bias; the majority of cases for which prophylaxis
information was missing were from the two earlier time
periods, and complication data collection has been most
thorough in the most recent period. Perhaps using LMWH
throughout the postoperative period as the Pariser group
did would have led to a decreased rate of VTE. In light of
level I evidence supporting the use of extended prophy-
laxis after major abdominopelvic surgery and consistent
reports that the majority of symptomatic VTE are found
after discharge (as we also found), we continue to believe
in the importance of extended LMWH and it is our stand-
ard practice after RC. It is a limitation of our study that
we did not have extensively detailed information regarding
anticoagulation regimen for each individual patient, and
were, therefore, unable to run analysis on patients who had
extended prophylaxis from those who did not.

Another important limitation of our study is that the rates
of VTE are presumably higher than we report given that
there was no screening done. In a study of 86 RC patients
where screening pelvic and lower extremity Doppler ultra-
sound was performed at postoperative day 7, an overall VTE
rate of 24% was seen of which over 60% were asymptomatic
[30]. All patients with DVT found on screening were put
on 3 months of therapeutic anticoagulation; none of these
patients went on to develop PE. Based on our findings that
non-O patients have twice the rate of VTE, screening Dop-
pler US in these patients may be warranted. However, it
should be emphasized that our patients have been diligently
followed through clinical visits as well as nurse navigator
phone calls in the first 90 days postoperatively to meet our
high capture rate.

Given the significant perioperative morbidity of radical
cystectomy, it is critical that we identify non-modifiable risk
factors for adverse perioperative events such as VTE. Kim
et al. analyzed all RC cases from the Nationwide Inpatient
Sample and found that postoperative VTE increased median
LOS by 2 days, almost doubled hospitalization costs and
most disturbingly, increased in-hospital mortality by five
times Kim et al, formatted as [4]. In this climate of value
driven care, we must not only identify such predictors of
complications and readmission, but also individualize
perioperative management in high risk patients. Our data
validate a prior study showing that non-O blood type is a
high risk feature for postoperative VTE after RC, and sup-
ports the vigilant management of these patients, from having
a lower threshold to initiating a diagnostic work-up when
early symptoms present, to considering the use of screening
Doppler US during the perioperative period. In terms of the
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latter, a cost—benefit analysis is needed to evaluate its use
perioperatively.

Conclusions

Non-O blood type is a non-modifiable risk factor for VTE
after radical cystectomy and carries a twofold risk in this
setting. These patients should be considered high risk for
thromboembolic events and comprehensive prophylaxis,
prompt work-up and perhaps perioperative screening is
warranted.
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