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Abstract

Nearly one fifth of patients with venous thromboembolism (VTE) have cancer. When both of these conditions occur,
especially in cases of cerebral vein thrombosis (CVT), patient management is often challenging. The aim of this study
was to compare the characteristics and event courses in patients affected by CVT with and without cancer. Consecutive
patients with CVT from the ACTION-CVT cohort study were included if cancer status was reported. Risk factors as well
as the clinical and radiological characteristics of patients were compared. Univariable and multivariable analyses were
performed to assess variables associated with cancer. Kaplan-Meier method and log-rank test, logistic regression analysis,
and propensity score matching were used to investigate any association between cancer-related CVT and study outcomes
(primary outcome at 3-months: recurrent VTE or major hemorrhage; recurrent VTE; major hemorrhage; recanalization
status; all-cause-death). Overall, 1,023 patients with CVT were included, of which 6.5% had cancer. Older age (adjusted
odds ratio [aOR] 1.28 per decade increase; 95% confidence interval [CI] 1.08—1.52) and absence of headache (aOR 0.47;
95% CI 0.27-0.84) were independently associated with cancer. Patients with cancer had a higher risk of recurrent VTE or
major hemorrhage (aOR 3.87; 95% CI 2.09—7.16), all-cause-death (aOR 7.56 95% CI 3.24—17.64), and major hemorrhage
(aOR 3.70 95% CI 1.76-7.80). Recanalization rates, partial or complete, was not significantly different. CVT patients with
cancer were more likely to be older, have no referred headache, and have worse outcomes compared to CVT patients
without cancer.

Highlights

e Among 1,023 patients with cerebral vein thrombosis from the ACTION-CVT study, 6.5% had cancer.
e Older age and absence of headache were independently associated with cancer.

e (Cancer patients had worse outcomes.
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Graphical Abstract

Cerebral venous sinus thrombosis associated with cancer: Analysis

of the ACTION-CVT Study

=] AIM:to compare the characteristics and event courses in patients affected by
¥ cerebral venous thrombosis (CVT) with and without cancer.

RESULTS: older age (aOR 1.28 for decade increase) and absence of headache
(aOR 0.47) were independently associated with cancer.
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MAIN FINDINGS: CVT patients with cancer were more likely to be older, have no

referred headache, and have worse outcomes compared to CVT patients without
cancer.
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Introduction

The risk of VTE in cancer patients has been reported to be
four-fold higher that in the general population [1, 2] and
about 20% of patients with VTE are found to have cancer
at the time of VTE diagnosis [3]. Data from the Interna-
tional Study on Cerebral Vein and Dural Sinus Thrombosis
(ISCVT), a prospective cohort study, reported that cancer
accounts for 7.4% of cerebral vein thromboses (CVT) [4].
Specifically, cancer can promote CVT via local and sys-
temic mechanisms which might include compression or
invasion due to the tumor, induction of a hypercoagulable
state, infection, paraneoplastics, as well as therapy related
hematologic changes [5]. Moreover, CVTs can be the first
symptom of a solid cancer, especially brain tumors and
myeloproliferative neoplasms [6]. Whenever CVT occurs in
elderly patients, the presence of malignancy or hematologi-
cal disorders should be suspected [7].

The prognosis of CVT is generally favorable, despite
the fact that a systematic review including 19 studies and
1,488 patients with CVTs reported that death within the first
month occurred in 5.6% of patients and death at the end of
follow-up was recorded to be 9.4% [8]. Most of the deaths
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were not considered to be a direct consequence of the CVT
(24 out of 38 evaluated deaths during follow-up) [8].

Anticoagulant therapy is the mainstay treatment for
CVTs [9, 10]. However, anticoagulation management of
patients with cancer associated venous thrombosis is often
complicated by an elevated risk of bleeding complications,
especially in the presence of a brain tumor or thrombocy-
topenia [11, 12]. In light of this, the aim of this study was
to compare the characteristics and event courses in patients
affected by CVT with and without cancer.

Methods

The methods and results of the ACTION-CVT study have
been previously described in detail [13].

Institutional Review Board approval was obtained by
each participating center before performing the study. De-
identified data are available upon reasonable request to the
corresponding Author.
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Patient population

The “Anticoagulation in the Treatment of Cerebral Venous
Thrombosis” (ACTION-CVT) study was an international,
multicenter (USA, Italy, Switzerland, New Zealand) ret-
rospective cohort study that included consecutive adult
patients with CVT confirmed on brain imaging tests and
admitted between January 1, 2015 up until December 31,
2020 [13]. Patients with CVT were initially identified using
ICD-9 (325.0, 437.6, and 671.5) and ICD-10 codes (167.6)
with acceptable sensitivity and specificity [14, 15]. This
was followed by a review of medical records and imaging
studies to confirm the diagnosis of CVT. Only patients with
available cancer status were included in this study.

Study variables

The following variables were collected through medical
record reviews, as described in the ACTION-CVT study
[13]: demographic factors; CVT risk factors; clinical vari-
ables; imaging variables; laboratory variables closest to
time of diagnosis; in-hospital treatments.

Cancer was defined as any malignant neoplasm other
than non-melanoma skin cancers diagnosed at the time of
CVT diagnosis or previously.

Outcomes

The primary study outcome was defined as a composite
of recurrent VTE and major hemorrhage. Other outcomes
included recurrent VTE, major hemorrhage, intracranial
hemorrhage (ICH), symptomatic ICH, all-cause-death,
recanalization status, as well as the composite of recurrent
VTE, major hemorrhage and all-cause-death.

Definitions of study outcomes have already been reported
in the ACTION-CVT study [13], while here we report the
main features:

a. Recurrent VTE. Venous thromboembolic events occur-
ring at any site were considered. Recurrent CVT was
defined as de-novo CVT.

b. Major hemorrhage was defined as new or worsening
ICH or major extracranial hemorrhage. Major extracra-
nial hemorrhage was defined as systemic hemorrhage
with at least 2 g/dL drop in hemoglobin level or requir-
ing blood transfusion occurring while on oral antico-
agulation therapy.

c. Symptomatic ICH was defined as any new or worsening
intracranial hemorrhage on a follow-up brain imaging
study causing new or worsening neurological signs or
symptoms.

d. Any death during follow-up.

e. Imaging outcomes: any improvement in recanaliza-
tion status after initiation of anticoagulation therapy
on imaging study abstracted from radiology reports
(no-recanalization, partial recanalization, or complete
recanalization) [16].

Study outcomes were assessed at 3 and at 6 months.
Analytical plan

Data verification was conducted by SY and LS with the aim
of ensuring data integrity and consistency. All data used in
the study was reviewed by the data coordinating center for
missing fields, outliers, and incongruencies. Missing data
were not imputed.

Categorical data were summarized in raw numbers and
percentages, whereas continuous variables were presented
using the number of patients, mean (standard deviation), or
median (interquartile range). Baseline comparisons were
performed by using Chi-squared test or Fisher’s exact test,
T-test, or Wilcoxon rank sum test (Mann-Whitney two-
sample) as appropriate. The reported p-values were derived
from the results of two-sided tests. Risk factors, along with
clinical and radiological characteristics of patients with and
without cancer were compared. A multivariable analysis
was performed to assess variables likely to be associated
with cancer. The independent variables included in the mul-
tivariable analysis were selected from the univariable analy-
sis using backward stepwise analysis with a p=0.05 level
as a screening criterion for selection of candidate variables.

For the outcome analysis the following were applied:
unadjusted logistic-regression; logistic-regression adjusted
for prespecified variables (Model 1); logistic-regression
adjusted for both prespecified variables and variables that
differed between the two groups (Model 2); propensity score
matching. Using logistic regression, we calculated propen-
sity scores based upon prespecified variables and headache
as a clinical variable of interest. Moreover, radius matching
with replacement and with a caliper distance of 0.05 were
employed to match patients with active cancer to controls,
conducted separately for each outcome due to varying pre-
specified variables.

Prespecified variables differed according to study out-
come. For the recurrent VTE, we adjusted for variables
associated with recurrent venous thrombosis as reported in
prior studies: age, sex, history of VTE [17] as well as those
that may biologically portend an increased risk, particularly
the presence of one or more positive antiphospholipid anti-
bodies. As for major hemorrhage, ICH, and all-cause-death,
we adjusted for predictors of intracranial and/or extracranial
hemorrhage: age, sex, ICH at baseline [18, 19], and deep
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CVT location; the latter being a known predictor of poor
functional outcome and mortality in CVT [4].

Competing risk-adjusted models for predictors of pri-
mary outcome with mortality as a competing event were
also assessed. The event course over time was assessed by
Kaplan-Meier method and log-rank test. The primary out-
come of interest was the composite of recurrent VTE or
major hemorrhage at 3 months for both groups. Second-
ary outcomes of interest were recurrent VTE, major hem-
orrhage, recanalization status, ICH, and all-cause-death
within 3 months.

Outcome analyses at 6 months, and major bleeding out-
come excluding asymptomatic ICH at 3 and 6 months, were
also performed.

Data are reported as odds ratios (OR) or as adjusted ORs
at 95% confidential intervals (CI).

Data were analyzed using Stata (version 17.0) and a
p<0.05 was deemed to be statistically significant.

Results

Among the 1,025 patients with CVT included in the origi-
nal cohort, 2 lacked information on their cancer status and
had to be excluded. Overall, 67 out of the 1,023 included
patients (6.5%) had cancer. Table 1 summarizes the baseline
characteristics of CVT patients with and without cancer.

On univariable analyses, patients with cancer were
older, less frequently female, had lower body mass indexes
(BMlIs), along with higher rates of chronic kidney disease,
liver disease, and were more likely to be active smokers
(Table 1). With respect to CVT location, patients with can-
cer had significantly more frequent involvement of superfi-
cial veins.

Regarding the clinical presentation, headache was
referred to be less frequent in patients with cancer. Dura-
tion of follow-up was significantly longer in patients with-
out cancer (median 308 days) versus patients with cancer
(median 112 days) (p <0.001).

From multivariable analysis, older age was resulted
being associated with the presence of cancer (adjusted OR
1.28 for each decade increase; 95% CI 1.08-1.52; p=0.005)
while patients with cancer were less likely to have head-
aches (adjusted OR 0.47; 95% CI 0.27-0.84; p=0.010)
(Table S1). After adjustment, the association of active
smoking (adjusted OR 1.86; 95% CI 0.98-3.54; p=0.059)
and the involvement of superficial veins (adjusted OR 2.02;
95% CI 0.95-4.29; p=0.067) with the presence of cancer
were not statistically significant (Table S1).
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Associations between cancer and outcomes

The primary outcome occurred in 34.7 per 100 patient-
years in patients with cancer versus 11.3 in those without
(»p<0.001) (Fig. 1). From unadjusted logistic-regression
analyses (Table 2), the presence of cancer was associated
with a two-fold increased risk of primary outcome com-
pared to those without cancer (OR 2.17; 95% CI 1.18-3.99;
p=0.012). After adjustment for the prespecified variables,
the presence of cancer was associated with a more than
3-fold increased risk of primary outcome (adjusted OR
3.87, 95% CI 2.09-7.16 p<0.001) (Model 1; Table 2).
These results did not change after additionally adjusting for
headache (adjusted OR 3.87; 95% CI 2.06-7.25 p<0.001)
(Model 2; Table 2). Likewise, similar results were recorded
in the competing risk-adjusted models (Table S2).

Recurrent venous thromboembolism occurred in 17.4 per
100 patient-years in patients with cancer versus 6.5 per for
those without cancer (p=0.001) (Fig. 2A). Similar results
were observed between the two groups after adjusting for
prespecified variables (Table 2).

Major hemorrhage occurred in 21.7 per 100 patient-
years in patients with cancer versus 5.8 in those without
cancer (p<0.001) (Fig. 2B). Any ICH occurred in 19.5
per 100 patient-years in patients with cancer versus 5.2
per 100 patient-years in those without cancer (p <0.001).
Symptomatic ICH occurred in 4.3 per 100 patient-years in
patients with cancer versus 2.3 in those without (p=0.332).
On unadjusted logistic regression and after adjustment for
prespecified variables or variables that differed between the
two groups, the presence of cancer was resulted being asso-
ciated with a risk of major hemorrhage, when compared to
patients without cancer (Table 2).

Death at 3 months occurred in 56.4 per 100 patient-years
in patients with cancer versus 3.1 in those without cancer
(»<0.001). In unadjusted logistic regression analyses, the
presence of cancer was associated with a higher risk of
death (OR 14.90; 95% CI 7.55-29.43; p<0.001). Finally,
cancer remained associated with a significantly increased
overall risk of death after adjusting for the different vari-
ables (Model 1 and Model 2 at Table 2).

Recanalization rates at 3 months were not significantly
different for cancer patients compared to patients without
cancer (58.8% [10 out of 17] vs. 73.0% [205 out of 281],
OR 0.53, 95% CI 0.19-1.44; p=0.213). No significant dif-
ferences were observed after adjusting for the variables
included in Models 1 and 2 (Table 2).

At 3-month follow-up, the following were recorded for
the cancer group while on anticoagulant treatment: one
recurrent VTE, one ICH, and nine deaths. Whereas, for
the non-cancer group the following occurred: 35 recurrent
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Table 1 Differences in baseline
characteristics across patients
with and without cancer

* Fisher’s Exact test performed
APL =anti-phospholipid;

CVT =cerebral vein throm-
bosis; DOAC =direct oral
anticoagulant; VKA =vitamin K
antagonist

Cancer (n=67) No cancer (n=956) p-value

Age (years), median (IQR) 59 (44-70) 43.5 (32-56) <0.001
Female gender, n/N (%) 31/67 (46.3%) 611/956 (63.9%) 0.004
Race, n/N (%)

White 50/67 (74.6%) 659/949 (69.4%) 0.372

Black 11/67 (16.4%) 149/949 (15.7%) 0.876

Asian* 1/67 (1.5%) 39/949 (4.1%) 0.511

Other* 5/67 (7.5%) 102/949 (10.7%) 0.537
Ethnicity (% Hispanic)*, n/N (%) 4/64 (6.3%) 97/948 (10.2%) 0.392
Body mass index, mean + SD 26.8+7.0 29.5+7.6 0.007
Chronic kidney disease*, n/N (%) 6/67 (9.0%) 33/955 (3.5%) 0.037
Liver disease™®, n/N (%) 5/67 (7.5%) 16/955 (1.7%) 0.009
History of VTE, n/N (%) 12/67 (17.9%) 109/956 (11.4%) 0.111
Family history of VTE*, n/N (%) 1/67 (1.5%) 100/949 (10.5%) 0.010
Recent head trauma*, n/N (%) 7/67 (10.4%) 82/955 (8.6%) 0.652
Recent mastoiditis or sinusitis*, n/N (%) 7/67 (10.4%) 82/956 (8.6%) 0.651
Recent lumbar puncture*, n/N (%) 5/67 (7.5%) 41/956 (4.3%) 0.218
12 weeks post-partum*, n/N (%) 0/67 (0.0%) 38/947 (4.0%) 0.170
Birth control use*, n/N (%) 4/67 (6.0%) 231/938 (24.6%) <0.001
Active smoking, n/N (%) 16/67 (23.9%) 130/950 (13.7%) 0.021
Days from symptoms to diagnosis (median IQR) 2 (0-11) 4 (1-10) 0.100
Clinical presentation, n/N (%)

Headache 31/67 (46.3%) 731/954 (76.6%) <0.001

Focal deficit 33/67 (49.3%) 367/955 (38.4%) 0.079

Seizure 16/67 (23.9%) 227/955 (23.8%) 0.984

Encephalopathy/Coma 19/67 (28.4%) 202/955 (21.2%) 0.166
Platelet count (x10"3 mm~3), mean + SD 244.67+117.11 266.23 +102.36 0.100
Creatinine (mg/dl), mean +SD 0.89+0.35 0.87+0.46 0.657
One or more positive APL antibody*, n/N (%) 1/37 (2.7%) 81/801 (10.1%) 0.249
Factor V and/or prothrombin mutation*, n/N (%)  1/17 (5.9%) 46/661 (7.0%) 1.000
Imaging findings, n/N (%)

Venous infarct 10/67 (14.9%) 263/952 (27.6%) 0.023

Cerebral edema 24/67 (35.8%) 293/952 (30.8%) 0.389

Intracranial hemorrhage 19/67 (28.4%) 369/952 (38.8%) 0.089
CVT location, n/N (%)

Superficial vein only 57/67 (85.1%) 682/954 (71.5%) 0.016

Deep vein only* 5167 (7.5%) 113/954 (11.8%) 0.329

Cortical vein only* 0/67 (0.0%) 30/954 (3.1%) 0.255

Superficial and deep* 5/67 (7.5%) 131/956 (13.7%) 0.191
Low molecular weight heparin, n/N (%) 36/67 (53.7%) 589/956 (61.6%) 0.201
DOAC, n/N (%) 31/67 (46.3%) 411/956 (43.0%) 0.601
VKAs, n/N (%) 22/67 (32.8%) 575/956 (60.1%) <0.001
Endovascular treatment®, n/N (%) 2/67 (3.0%) 87/956 (9.1%) 0.113
Neurosurgical treatment*, n/N (%) 6/67 (9.0%) 56/956 (5.9%) 0.288
Duration of treatment to imaging, (median IQR) 158.5 (75-256) 180 (96-310) 0.275

venous thromboembolic events, 34 major hemorrhages (28
ICH) and 16 deaths.

The results of the analyses at 6 months are reported in
Supplement (Table S3). Recanalization rates at 6 months
were 66.7% (10/15) for the cancer group and 79.4%
(227/286) for the non-cancer group (Table S3).

Regarding primary and secondary study outcomes at 3
and 6 months, similar results were observed when the use of

anticoagulant treatment with vitamin K antagonist (VKA)
was added to the Model.

Propensity score matching
Propensity score matching with replacement included: 835
patients for primary outcome analysis, 1,018 patients for

safety outcome and for death analyses, and 254 patients
for recanalization outcome. Propensity score matching was
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Kaplan—Meier survival estimates of primary outcome
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Fig. 1 Survival from the composite of recurrent venous thrombosis or
major hemorrhage in patients with and without cancer

effective as all the t-test p-values reached a p>0.05, sug-
gesting no significant post-matching differences.

Concerning, the results of the 3-month analyses, the
presence of cancer was associated with higher risks of
primary outcome (adjusted OR 2.93; 95% CI 1.32-6.52,
p=0.008), death (adjusted OR 11.33 95% CI 5.08-25.25,
p<0.001), major hemorrhage (adjusted OR 3.56; 95% CI
1.48-8.58, p<0.001), and ICH (adjusted OR 3.56, 95% CI
1.42-8.91, p=0.007) (Table 2). Table S4 summarizes the
propensity score matching analysis findings at 6 months.
Here, the primary study outcome, major hemorrhage, ICH,
all-cause-death, the composite of recurrent VTE, major
hemorrhage and death were significantly higher in cancer
patients. Recanalization rates were not significantly differ-
ent between the two groups.

A
Kaplan—Meier survival estimates of recurrent venous thrombosis
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Discussion

In this multicenter, international, retrospective, observa-
tional cohort study of patients with CVT, the rate of patients
with cancer was 6.5%. We found that older age and an
absence of referred headache to be independently associ-
ated with the presence cancer. Although involvement of
superficial veins was numerically more frequent in patients
with cancer, this association did not result being statistically
significant (p=0.067). Moreover, patients with CVT and
cancer had a significantly higher risk of reaching the pri-
mary outcome defined as the composite of recurrent VTE
and major hemorrhage, compared to patients without can-
cer. Similarly, the risks of major hemorrhage, ICH, and all-
cause-death, and the composite of recurrent VTE and major
hemorrhage and death were significantly greater in patients
with cancer. Regarding recanalization rates, partial or com-
plete, they were not significantly different between the two
groups.

Data from the ISCVT and CErebral VEin Thrombosis
International Study (CEVETIS) studies reported a 7.4%
prevalences of malignancies [4, 20]. We also found a 6.5%
prevalence of cancer in patients with CVTs.

Male gender, older age, and low BMIs were more fre-
quent among patients with cancer. Males accounted for
53.7%, similar to a previous study reporting a rate of 55.6%
[21]. Additionally, headache has been reported to be one of
the most prevalent symptoms in patients with CVT, but it
was significantly less frequent in subjects with cancer in
our study. This finding supports the previous results of a
sub-analysis performed on data from ISCVT study where
Coutinho et al. [22] reporting a significantly higher rate of
cancer in patients without headache compared to patients
with headache (18% versus 6%, p=0.01); especially for
central nervous system (CNS) malignancy. Possible expla-
nations for the presence of headache might include: more
frequent isolated cortical vein thrombosis with lower risk

Kaplan—Meier survival estimates of major hemorrhage
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- Log-rank < 0.001
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Fig.2 A Survival from recurrent venous thrombosis in patients with and without cancer; B Survival from major hemorrhage in patients with and

without cancer
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Table 2 Outcome events in patients with versus without cancer at 3 months

Unadjusted

Model 1*

Model 2*

Propensity score matched

Primary outcome
Recurrent VTE or
major hemorrhage

Secondary outcome
Recurrent VTE

Major hemorrhage
ICH

Symptomatic ICH
All-cause-death

Recurrent VTE or
major hemorrhage or
death

Partial/complete
recanalization

N=1023 OR 2.17 95% CI
1.18-3.99 p=0.012

N=1023 OR 1.99 95% CI
0.87-4.56 p=0.105
N=1023 OR 2.29 95% CI
1.12-4.69 p=0.023
N=1023 OR 2.16 95% CI
1.03-4.56 p=0.043
N=1023 OR 1.25 95% CI
0.29-5.41 p=0.767

N=1023 OR 14.90 95% CI

7.55-29.43 p<0.001

N=1023 OR 4.45 95% CI
2.64-7.50 p<0.001

N=298 OR 0.53 95% CI
0.19-1.44 p=0.213

N=835a0R 3.87 95% CI
2.09-7.16 p<0.001

N=83620R 1.11 95% CI
0.42-2.94 p=0.831
N=1019 aOR 3.70 95%
CI 1.76-7.80 p=0.001
N=1019 aOR 3.73 95%
CI 1.73-8.03 p=0.001
N=1019 aOR 0.87 95%
C10.25-2.98 p=0.825
N=1019 aOR 7.56 95%
CI 3.24-17.64 p<0.001
N=835 aOR 4.67 95% ClI
2.58-8.44 p<0.001

N=298 aOR 0.47 95% CI
0.14-1.60 p=0.229

N=2835a0R 3.8795% CI
2.06-7.25 p<0.001

N=836 aOR 1.11 95% CI
0.42-2.90 p=0.838
N=1019 aOR 3.75 95%
CI 1.70-8.27 p=0.001
N=1019 aOR 3.77 95%
CI 1.69-8.41 p=0.001
N=1019 aOR 0.88 95%
CI10.26-2.99 p=0.834
N=1019 aOR 8.10 95%
CI3.62-18.12 p<0.001
N=835a0R 4.74 95% CI
2.67-8.42 p<0.001

N=298 aOR 0.48 95% CI
0.15-1.58 p=0.230

N=835a0R 2.93 95%
CI 1.32-6.52 p=0.008

N=8362a0R 1.62 95%
C10.52-5.11 p=0.407
N=1018 aOR 3.56 95%
CI 1.48-8.58 p=0.005
N=1018 aOR 3.56 95%
CI 1.42-8.91 p=0.007
N=1018 aOR 1.33 95%
C10.26-6.65 p=0.732
N=1018 aOR 11.33 95%
CI 5.08-25.25 p<0.001
N=835 aOR 4.46 95%
CI2.18-9.14 p<0.001

N=254a0R 0.35 95%
CI10.07-1.60 p=0.174

aOR =adjusted odds ratio; CI=confidence interval; ICH =intracranial hemorrhage; OR =odds ratio; VTE =venous thromboembolism

*Logistic regression analysis was adjusted for prespecified variables (Model 1) and for prespecified variables and variables that differed between
the two groups as reported in Table S1 (Model 2). Propensity score matching was adjusted for prespecified variables and presence of headache

for intracranial hypertension, the use of analgesics, as well
as older age; in fact, the latter has been reported to be asso-
ciated with a lower risk of headache in cerebrovascular
diseases [23-26]. Indeed, we observed that cancer patients
more frequently had thrombosis of the superficial venous
system (85% in cancer versus 72% in no cancer). The sites
of the thrombotic involvement in our cohort were similar
to that reported in previous studies [4, 20, 27]. Our results
may have implications for clinical practice. Indeed, the lack
of headache in cancer patients with CVT could have led to
a misdiagnosis or a delay in diagnosis and hence a delay in
the initiation of treatment.

As further findings, patients with cancer were older,
more frequently had chronic kidney disease, liver disease
and were active smokers. As for additional VTE risk factors,
we did not observe any significant differences between the
two groups except for a less frequent family history of VTE
and birth control use in cancer patients. This last sex-spe-
cific risk factor may be explained by the high prevalence of
females and the young age in the cancer-free group. None of
these factors resulted independently associated with cancer.
Whether low BMI, liver disease, active smoking, involve-
ment of a superficial vein, and absence of a family history of
VTE could be useful indicators of increased risk for cancer
diagnosis requires further study.

Concerning outcome results, we found that cancer
patients had a more than three-fold higher risk of recurrent
VTE or major bleeding compared to patients without can-
cer. Sensitivity analyses using propensity score matching
and the 6-month analysis confirmed the results obtained in

the main ones. The most remarkable finding was the high
rate of major bleeding complications (22% patient-years
in the cancer group and 6% patient-years in the non-cancer
group), particularly of ICH (20% patient-years in the can-
cer group and 5% patient-year in the non-cancer group).
However, it should be noted that rates of symptomatic ICH
were similar (4.3 vs. 2.3% patient-years for cancer and non-
cancer groups, respectively).

These findings differ from past literature where lower
incidences of major bleeding, and of ICH, were observed
in patients with VTE (range 3.8 to 4.0%) and in those with
CVT and no-cancer (range 1.7 to 3.3%) [28, 29]. In our
cohort, these differences can be explained by the cerebral
localization of thrombosis in which venous infarction might
have been associated with a high risk of bleeding. This
risk can be increased by the presence of a local predispos-
ing factors (e.g. brain tumors). However, due to a lack of
data on the cancer sites, this hypothesis could not be tested.
An important challenge to consider regarding intracranial
hemorrhage in the context of CVT is that new or worsening
hemorrhage may have been linked to progression of throm-
bosis and therefore may be more related to treatment effi-
cacy rather than safety. Indeed, a further important goal in
the management of patients with CVT is to promote recana-
lization, as it has been shown that lack of recanalization is
also associated with long term morbidity [30]. In the present
sub-analysis, recanalization was numerically less common
in cancer patients compared to those without cancer, but the
difference did not reach statistically significance. It could
be hypothesized that this is due to the less use of VKA in
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patients with cancer compared to those without. However,
the number of patients is too small to provide a specific
comment on the different treatments. Moreover, the results
from the main analysis of the ACTION-CVT study showed
similar recanalization rates in patients treated with DOACs
versus VKAs, and that treatment with DOACs was asso-
ciated with a favorable safety profile when compared with
VKA 13].

While the similar efficacy between DOACs and VKA is
not surprising, the improved safety profile of DOACs over
VKA is noteworthy [13]. This is in line with data showing
the safety of DOACs over VKA in several non-CVT patient
populations especially in the reduction of intracranial bleed-
ings [31, 32].

We also found that cancer patients had a shorter follow-
up and a substantially higher risk of death compared to
patients without cancer. Nearly 60% had a follow-up of at
least 90 days but data regarding the cause of death was not
available.

Our study had several limitations including its retrospec-
tive design, along with non-central and non-blinded adjudi-
cation of events and imaging outcomes. However, baseline
characteristics of the two groups were adjusted and matched
through propensity score, but the possibility of residual bias
cannot be excluded. Other limitations consist of the rela-
tively small number of patients included in the cancer group
which may have influenced the observed low event rate
of recurrent VTE, in accordance with past studies [17, 29,
33]. This limited patient pool may have underpowered the
analyses leading to overfitting in the multivariable model.
Furthermore, we lacked information on the site, type, and
stage of cancer which could have influenced the thrombo-
genic potential therein influencing outcome. Additionally,
we lacked data on whether the cancer diagnosis was prior
to or followed CVT. Information on cancer treatments,
antineoplastic or surgical intervention, cancer remission, or
withdrawal of care decisions during follow-up, which may
have affected the risk of recurrence and decision to continue
or stop anticoagulation were not available. Finally, it was
not possible to perform a robust follow-up, so we do not
know whether the increased death in the cancer group might
have been related to CVT or the cancer itself. Finally, image
acquisition may have been biased in patients with cancer,
which may have contributed to higher asymptomatic hem-
orrhage rates. This however reflects real-world experience
in patients with CVT and the cohort with cancer is the larger
in the literature.

@ Springer

Conclusion

Our results provide data supporting that older age and lack
of headaches resulted being independently associated with
cancer in patients with CVT. Additionally, patients with
cancer had significantly worse outcomes compared to those
without cancer. Our findings are in line with past studies,
supporting the need for further investigation into the pos-
sible roles of these two factors.

Supplementary Information The online version contains
supplementary material available at https://doi.org/10.1007/s11239-
024-02997-w.
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