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* Non-O blood type is a
time-dependent
predictor of cancer-
associated VTE.

Venous thromboembolism (VTE) is common in patients with cancer. Although in the general
population blood type non-O is associated with increased VTE risk, the impact of ABO blood
type on risk of cancer-associated VTE has not been clarified. To determine the influence of
ABO blood type on cancer-associated VTE risk, we conducted an analysis within the Vienna
Cancer and Thrombosis Study, a prospective cohort study including patients with newly
diagnosed or recurrent cancer observed for the primary outcome VTE. Restricted cubic spline
analysis was performed and specific time-restricted subdistribution hazard ratios (SHR) were
calculated to investigate the association between non-O blood type and VTE over time. One
thousand, seven hundred and eight patients were included in the analysis (median follow-up
time: 24 months; interquartile range: 10-24), and 151 patients developed VTE (8.8%). During
the first 3 months of follow-up, there was no association between non-O blood type and VTE
risk (SHR: 1.00; 95% confidence interval [CI]: 0.60-1.67). Thereafter, non-O blood type was
associated with a higher VTE risk (SHR: 1.79; 95% CI: 1.12-2.85). Furthermore, non-O blood
type was associated with increased VTE risk in patients with intermediate and low
thrombotic risk tumor types (SHR: 1.73; 95% CI: 1.09-2.73) but not in very high-risk types
(pancreatic, gastroesophageal, and brain cancer; SHR: 0.94; 95% CI: 0.55-1.61). This
association was weakened after adjustment for factor VIII. Non-O blood type is a time-
dependent predictor of VTE in patients with cancer. It is associated with increased VTE risk
beyond 3 months of follow-up and in patients with intermediate- and low-risk tumor types.

» Non-O blood type is
associated with an
increased VTE risk in
patients with
intermediate- and low-
risk tumor types.

Introduction

Venous thromboembolism (VTE) is a common complication in patients with cancer, and its occurrence
is associated with poor prognosis.’ According to the latest evidence, patients with a cancer diagnosis
are 9 -to 15-times more likely to develop VTE.”® However, as patients with cancer concomitantly have
an increased risk of bleeding, routine thromboprophylaxis is not recommended in all patients. Current
guidelines recommend pharmacological thromboprophylaxis in patients with high VTE risk that are most
likely to benefit.*” Therefore, a better understanding of risk profiles and identification of simple risk
factors contributing to elevated risks of VTE is desired to aid in clinical decision making.
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The ABO blood group type is a well-known and independent risk
factor for VTE in the general population. ABO blood group repre-
sents one of the most common genetic risk factors, attributing to
~30% of VTE events.®>® In the noncancer population, individuals
with non-O blood group (A, B, and AB) have an increased risk of
thrombosis compared with those with blood group O.5'° One
proposed mechanism for the enhanced VTE risk is that individuals
with blood groups A, B, and AB have higher levels of von Wille-
brand factor (vWF) and factor VIII (FVII) than those with blood
group O.""""* Elevated levels of FVIIl again are associated with risk
of VTE in patients without cancer and have also been reported to
increase risk of VTE in patients with cancer.'®'®

Interestingly, previous studies indicate that ABO blood type has an
influence on platelet receptor glycosylation leading to an increased
platelet adhesion to vWF in individuals with non-O blood group and
increased risk of thrombosis development.'”"'®

The role of ABO blood groups for developing VTE in patients with
cancer remains to be elucidated, and the studies available presently
are conflicting and limited by their retrospective study design and
small sample size. In a cohort of patients with cancer with mixed solid
tumor types, increased risk of VTE was found in those with non-O
blood group, whereas blood group B was associated with VTE in
patients with glioblastoma and blood group A or AB in patients with
pancreatic cancer.'®?? Whether a potentially increased risk of VTE
associated with the ABO blood groups is mediated by elevated vWF
and FVIIl levels is unclear because the presence of cancer itself might
trigger elevation of both VWF and FVIIl levels.”®?°

Therefore, we aimed at investigating the association between ABO
blood group types and risk of VTE occurrence in a prospective
cohort study of patients with cancer, which has been designed to
identify risk factors for cancer-associated VTE. We hypothesized
that blood group non-O is also associated with increased risk of
VTE in patients with cancer. Furthermore, we evaluated whether
elevated levels of FVIII mediate the risk of VTE associated with
ABO blood groups.

Methods
Study cohort

For this analysis, we used the dataset of the Vienna Cancer and
Thrombosis study, a single-center prospective observational study
that was initiated in 2003 at the Medical University of Vienna. The
study has been approved by the University of Vienna's ethics
committee (EC number 126/20083; ethik-kom@meduniwien.ac.at)
and was performed according to the Declaration of Helsinki.
Detailed information about the study design had been published
previously.’®?” In brief, the Vienna Cancer and Thrombosis study
included patients >18 years old with histologically confirmed
cancer who provided their written informed consent for study
participation. Patients were either newly diagnosed with cancer or
had disease progression after partial or complete remission.
Exclusion criteria included chemotherapy or VTE in the last
3 months, indication for long-term anticoagulation, and overt viral or
bacterial infection, radiotherapy, or surgery 2 weeks prior to study
inclusion. Patients were followed prospectively for 2 years for the
primary outcome of VTE and were contacted via postal mail or
phone to gather information about their clinical course, especially
regarding occurrence of VTE and anticancer treatment every
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~3 months. If the patient did not respond, her/his family doctor or
relatives were contacted.

VTE was confirmed with objective imaging methods such as
duplex/compression sonography or venography for deep vein
thrombosis and computed tomography or ventilation/perfusion lung
scan for pulmonary embolism. An adjudication committee,
comprising independent specialists in vascular medicine (angiol-
ogy), radiology, or nuclear medicine, verified all thrombotic events.

For the current analysis, ABO blood group was available in 1708
patients. Blood groups were evaluated at the General Hospital
Vienna of the Medical University of Vienna, Vienna, Austria, in the
routine clinical workup of patients. Patients were grouped into the
blood types A, B, AB, and O. Patients with blood type A, B, and AB
were combined into 1 group and referred to as non-O blood type
for outcome analyses. Patients were further divided into risk groups
depending on the thrombosis risk profile of their respective tumor
type. Pancreatic, gastroesophageal, and brain cancer were
considered very high VTE risk tumor types, whereas the others
were considered to be intermediate or low risk.?®

Laboratory analysis

Blood was drawn at study inclusion and collected in Vacutainer citrate
tubes (Vacuette; Greiner-Bio One) by sterile, atraumatic venipuncture.

As previously described, VWF-Antigen (VWF-Ag) in patients’
plasma was measured with a commercially available enzyme-linked
immunosorbent assay kit (Technozym).”® A Sysmex CA 7000
analyzer using FVIll-deficient plasma (Technoclone) and activated
partial thromboplastin time Actin-FS (Dade Behring) was used to
measure FVIIl activity in plasma samples.'®

Statistical analysis

All statistical analyses were performed with STATA 15.0 (Stata
Corp, Houston, TX).

Standard summary statistics were used to report patient baseline
characteristics (absolute frequencies, percentages, median, inter-
quartile range [IQR]). All-cause mortality in the follow-up period was
treated as a competing event, and therefore, VTE endpoints were
studied in a competing risk framework. To compare the cumulative
VTE incidence between groups, a proportional subhazard regression
model according to Fine and Gray was conducted.

After visual inspection of data, a violation of the proportional subhazards
assumption was suspected. Therefore, an exploratory analysis with
restricted cubic spline analysis was performed to model the differences
in risk estimates over follow-up time. Afterward, time-restricted sub-
distribution hazard ratios (SHR) specifically for the <3 months and >3
months follow-up time periods were calculated. A multivariable analysis
was used to adjust for the covariates sex and age, disease stage (stage
4 vs others), and body mass index (BMI) at study inclusion. A second
multivariable analysis adjusting for platelet count, soluble P-selectin
(sP-selectin), and p-dimer levels was performed.

In a subgroup analysis, the impact of non-O blood type compared
with O blood type on VTE risk in patients with very high and
intermediate/low prothrombotic risk tumor types was analyzed. This
analysis was adjusted for age, disease stage (stage 4 vs others),
sex and BMI at study inclusion; and for platelet count, sP-selectin,
and p-dimer levels in a second analysis as well.
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Table 1. Patient characteristics at study inclusion

Patient characteristics

n (% missing value) Median (IQR) / n (%)

Age 1708 (0%) 61 (52-68)
Female 1708 (0%) 794 (46%)
Tumor type 1708 (0%)
Brain - 234 (14%)
Lymphoma - 221 (13%)
Others - 132 (8%)
Breast - 267 (16%)
Lung - 321 (19%)
Gastroesophageal - 53 (3%)
Colorectal - 159 (9%)
Pancreas = 117 (7%)
Renal - 37 (2%)
Prostate - 125 (7%)
Myeloma - 42 (2%)
Risk groups 1708 (0%)
Very high risk - 327 (19%)
Intermediate risk - 986 (58%)
Low risk - 395 (23%)
Metastatic disease 1445 (15%) 548 (32%)
(solid tumor patients)
Median follow-up period (month) 1708 (0%) 24 (10-24)
Blood type (ABO) 1708 (0%)
o - 653 (38%)
A = 682 (40%)
B - 262 (15%)
AB = 111 (7%)
Biomarker levels at -
study inclusion
FVIIl (% activity) 1618 (5%) 186 (143-239)
VWF-Ag levels (IU/dL) 626 (63%) 177 (119-269)
Outcomes within 2-y follow-up 1708 (0%)
VTE - 151 (8.8%)
Death = 649 (38%)

Blood type was available in 1708, FVIIl activity in 1618, and VWF antigen in 626 patients.

A Mann-Whitney U test was used to compare VWF-Ag and FVIII
activity levels between non-O blood type and O blood type patient
groups. To assess if non-O blood type increases VTE risk inde-
pendently or due to concomitantly elevated levels of FVIIl, a multi-
variable model adjusted for continuous levels of FVII was
conducted.

A P value <.05 was considered to denote statistical significance.

Results
Patient characteristics

In total, 1708 patients were included in this analysis. Of those, 794
were female (46%), and the median age was 61 (IQR: 52-68)
years. The most common tumor types were lung (19%), breast
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(16%), and brain (14%) cancer, and 32% of solid tumor patients
presented with metastatic disease at study inclusion (Table 1).

The primary outcome VTE occurred in 151 patients during a
median follow-up of 24 months (IQR: 10-24 months). The 3-, 6-,
12-, and 24-month cumulative VTE incidence was 3.6% (95%
confidence interval [CI]: 2.7-4.5), 6.2% (95% CI: 5.1-7.5), 7.8%
(95% Cl: 6.6-9.2), and 9.2% (95% Cl: 7.9-10.7), respectively
(Table 2). Six hundred and forty-nine (2-year mortality: 38%)
patients died during the 2-year observation period.

ABO blood types were distributed as follows in our cohort: 653
(389%) were blood type O, 682 (40%) A, 262 (15%) B, and 111
(7%) AB (Table 1), which is as expected in a European population.
Biomarker levels of FVIII activity were available in 1618 and of
VWEF-Ag in 626 patients.

ABO blood group distribution did not vary in patients with different
tumor types and tumor risk categories (supplemental Table 1).
Further, blood group non-O vs O was not associated with an
increased likelihood of having stage 4 disease at study inclusion
(supplemental Table 2), and similarly, no association between ABO
blood group type and survival was found (supplemental Figure 1).

Non-O vs O blood type and risk of VTE

VTE risk was higher in patients with non-O blood type in competing
risk regression analysis compared with patients with blood type O;
however, this association was not statistically significant (SHR:
1.33; 95% CI: 0.95-1.88, P = .100) (Table 2). This remained
nonsignificant after adjustment for age, sex, tumor type risk cate-
gory, and disease stage (adjusted SHR: 1.36; 95% CI: 0.96-1.91,
P =.082) (Figure 1).

However, a violation of the proportional subhazard assumption was
noted and assessed using a restricted cubic spline analysis to
observe the change in hazard ratio for VTE of patients with blood
type non-O compared with O over time. In this model, a time-
varying effect of non-O blood type toward an increased VTE risk
was observed (Figure 2). Therefore, time-restricted SHRs were
obtained for <38 months (first 3 months) and >3 months
(8-24 months) follow-up period. Patients with blood type non-O
and O had a similar risk of VTE during the first 3 months of
follow-up (SHR: 1.00; 95% CI: 0.60-1.67, P = .992). Beyond the
initial 3 months (ie, during follow-up between month 3 and 24 after
study inclusion), blood type non-O was significantly associated
with increased VTE risk in patients with cancer (SHR: 1.79; 95%
Cl: 1.12-2.85, P = .015). This association prevailed upon multi-
variable adjustment for age, sex, disease stage (stage 4 vs others),
and BMI (adjusted SHR: 1.77; 95% CI: 1.11-2.82, P=.017).In a
second multivariable analysis, the association of non-O blood type
and increased VTE risk beyond 3 months of follow-up was inde-
pendent after adjustment for platelet count, sP-selectin levels, and
D-dimer (adjusted SHR: 1.75; 95% CI: 1.07-2.87, P = .026;
supplemental Table 4). In a subgroup analysis, in patients with very
high VTE risk tumor types (pancreatic, gastroesophageal, glio-
blastoma), there was no difference in VTE risk between blood type
non-O and O groups (SHR: 0.94; 95% CI: 0.55-1.61, P=.824).In
contrast, in patients with tumors, considered to be at intermediate
or low VTE risk, non-O blood type was associated with an
increased risk for VTE compared with O blood type patients (SHR:
1.73; 95% Cl: 1.09-2.73, P = .019). Again, this association
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Table 2. Cumulative incidence of VTE in patients with blood type O (n = 653) and non-O (n = 1055) divided in intermediate/low-risk and

high-risk tumor types at 3-, 6-, 12-, and 24-month follow-up

Cumulative VTE-incidence (%) [95% confidence interval]

3 mo 6 mo 12 mo 24 mo

Overall

Blood type O 3.8 [2.5-5.5] 5.7 [4.1-7.7] 7.0 [5.1-9.1] 7.6 [5.7-9.9]

Blood type non-O 3.4 [2.4-4.7] 6.5 [5.1-8.1] 8.4 [6.8-10.2] 10.2 [8.4-12-2]
Intermediate/ low-risk cancer types

Blood type O 2.4 [1.3-4.0] 3.4 [2.0-5.2] 4.6 [3.0-6.7] 5.0 [3.3-7.1]

Blood type non-O 3.0 [2.0-4.3] 5.4 [4.0-7.1] 6.8 [5.2-8.6] 8.6 [6.8-10.6]
High-risk cancer types

Blood type O 9.2 [6.0-14.9] 14.7 [9.2-21.3] 16.2 [10.5-23.1] 17.9 [11.8-24.9]

Blood type non-O 5.2 [2.7-9.0] 11.1 [7.1-16.0] 15.5 [10.7-21.1] 17.3 [12.3-23.1]

remained significant upon multivariable adjustment for age, sex,
stage, and BMI (adjusted SHR: 1.74; 95% CI: 1.09-2.74, P =
.020) and upon adjustment for platelet counts, sP-selectin, and D-
dimer (adjusted SHR: 1.68; 95% ClI: 1.04-2.71, P = .034; sup-
plemental Table 5). Furthermore, cumulative VTE incidence varied
in patients with intermediate- and low-risk tumor types in patients
with blood group O vs non-O (Figure 1B; Table 2) but not in
patients with very high-risk tumor types (Figure 1C; Table 2).

ABO blood types, vVWF, and FVIII levels

Levels of VWEF-Ag as well as FVIIl activity in patients with cancer
with blood type non-O were compared with blood type O patients.
Patients with blood type non-O had higher levels of VWF-Ag
(median: 198 [IQR: 158-249] vs 165 [IQR: 128-216], P < .001)
and FVIII activity (median: 194 [IQR: 127-282] vs 148 [IQR: 106-
244], P<.001) (Figure 3). After adjustment for continuous levels of
FVIII in a multivariable model, the association of non-O blood type
with VTE risk was weakened in strength and magnitude for the >3-
month follow-up period (adjusted SHR: 1.47; 95% CI: 0.92-2.36,
P=.109) and in the subgroup of patients with low- to intermediate-
risk tumor types (adjusted SHR: 1.59; 95% Cl: 0.99-2.55,
P =.057).

Discussion

In this prospective observational cohort study, we have shown that
ABO blood type is associated with risk of VTE in patients with cancer
in a time-dependent manner. Non-O blood type was associated with
an increased risk of VTE beyond 3 months of observation but not
during the first 3 months. Further, non-O blood type was a predictor of
occurrence of VTE in patients with intermediate and low thrombotic
risk tumor types and not in tumor types at very high risk of VTE, such
as pancreatic, gastroesophageal, and brain tumors.

These results indicate that cancer may be the main driver of the
increased risk of VTE shortly after diagnosis or progression,
depicting a time when the cancer is very active and patients are
receiving anticancer therapies, putting them at high risk for VTE.
This time period is also the one with the highest incidence of VTE in
patients with cancer.?>®" Therefore, it seems logical that after this
tumor- and treatment-driven risk period, patients return to a lower
risk level. Thus, at this time point, known risk factors for VTE in the
general (non-cancer) population also begin to have an influence on
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VTE risk in patients with cancer. Supporting this speculation is the
fact that this association was present in patients with tumor types
at intermediate and low VTE risk but not in tumor types at very high
VTE risk (ie, pancreatic, gastroesophageal, and brain cancer).
Interestingly, beyond 3 months of follow-up, the magnitude of VTE
risk associated with non-O blood type in our cohort of patients with
cancer was comparable to that previously observed in the general
(non-cancer) population.®'°

Considering ABO blood group type for VTE risk assessment in
patients with cancer seems to be promising for the following rea-
sons: First of all, ABO blood group is often assessed in oncologic
patients due to their high risk of developing anemia during their
disease and potential need of transfusions. Otherwise, ABO typing
is easily accessible worldwide. Further, ABO blood type is a con-
stant factor, in contrast to other laboratory markers such as blood
count values or b-dimer that only reflect a specific time point and
are susceptible to external influences.®” Similar to ABO blood
group type, tumor type is also a very quickly and easily assessable
risk factor and therefore used in the Khorana score to promptly
detect patients at high risk for VTE.>*** Our findings suggest that
considering ABO blood group might be especially promising when
evaluating VTE risk in patients with intermediate- to low-risk tumor
types and when assessing VTE risk after the initial high-risk period
(first 3 months after diagnosis or progression of cancer).

In our present study, we could confirm also in patients with cancer
that non-O blood type is associated with higher levels of FVII
activity and vWF-Ag. It is known that VWF and FVIII levels are
significantly influenced by ABO blood type group (ie, VWF and FVIII
levels are higher in patients with non-O blood type), and ~30% of
the variation in FVIII levels might be explained by ABO blood group
type.> "2 It is thought that FVIIl levels are higher in people with
non-O blood type, mainly through increased vVWF levels. This is
most likely due to decreased clearance of VWF, and also because
non-O blood group vWF is less rapidly cleaved by ADAMTS13.""
FVIIl levels were also found to be greater in patients with cancer in
general and with regard to non-O blood type.'* 623252935
Importantly, elevated levels of FVIIl and vWF are associated with
an increased risk of VTE in patients with cancer.'®?° Thus, this
might be the mechanism responsible for the observed increased
risk in patients with non-O blood type, and we therefore investi-
gated the association between blood type and VTE risk in a
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Figure 1. Cumulative incidence of VTE. (A) Cumulative VTE incidence in patients
with blood type O (n = 653) compared with patients with blood type non-O (n = 1055).
(B) Cumulative VTE incidence in patients with intermediate/low-risk tumor types with
blood type O (n = 522) compared with patients with blood type non-O (n = 856). (C)
Cumulative VTE incidence in patients with very high-risk tumor types with blood type O
(n = 131) compared with patients with blood type non-O (n = 196). Cumulative
incidence functions were obtained within a competing risk framework considering all-

cause mortality as a competing event.
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were obtained in a restricted cubic spline analysis. Dotted lines indicate 95%

confidence interval.

multivariable model, adjusted for continuous levels of FVII. We
found that the association of non-O blood type with VTE risk
beyond 3 months follow-up and in cancer types at intermediate or
low VTE risk was weakened and borderline statistically significant
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Figure 3. Differences in levels of FVII activity and VWF-Ag. (A) Levels of FVII
activity (n = 1618) and (B) vWF-Ag (n = 626) in patients with blood type non-O
compared with blood type O. Mann-Whitney U test was used to compare means.
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after adjustment of FVIIl levels at study baseline. Thus, our findings
support the speculation that non-O blood type might primarily
increase VTE risk through elevated levels of FVIIl. However, we had
only a single point measurement of FVIII levels at study inclusion,
and levels may change during the cancer journey.*® We also
cannot exclude an increase of FVIIl levels mediated by various other
factors, such as chemotherapy or infections.

In addition, based on previous data on potential differences in
platelet function according to ABO blood types, we evaluated
the observed association between ABO and VTE risk beyond
underlying levels of platelet counts and sP-selectin. The observed
effect of non-O blood types and increased VTE risk in low/
intermediate-risk cancer types and beyond 3 months of follow-up
in the full study cohort was independent of platelet counts and
levels of sP-selectin.

There are some limitations to our analysis that we would like to
address. First of all, due to the design of our cohort study with no
systematic screening for VTE, we cannot fully exclude that
asymptomatic VTE may have been present in some patients.
However, we believe that our systemic evaluation of patient
records was complete, and thus, the likelihood of having missed
such events is low. We believe that our cohort is representative of
the Austrian population; however, we did not assess ethnicity,
which could be of interest as ABO blood group distributions and
frequencies of some cancers vary between patients with different
genetic ethnical backgrounds. In addition, we did not have data
regarding VTE risk factors such as chemotherapy, infections, or
surgery in the follow-up period. Moreover, vVWF-Ag and FVIIl levels
were not available in all patients. We could not implement vVWF-Ag
levels in the multivariable model to analyze whether the association
of non-O blood types with VTE risk beyond 3 months and in cancer
types at intermediate or low VTE risk was influenced by vWF.
Unfortunately, we had vWF levels available in only a few patients in
our cohort, and no samples were left to measure VWF levels.
Therefore, the question of whether VWF mediates the risk of VTE
associated with ABO blood groups in patients with cancer needs
to be clarified in further studies. Furthermore, not all patients were
therapy naive at study inclusion, and interventions such as surgery
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