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Abstract

Background: Patients with brain cancer have been excluded or were underrepresented
in studies on the treatment of venous thromboembolism (VTE), mainly due to the fear
of intracranial hemorrhage (ICH).

Obijectives: The aim of this study was to provide data on the risk of ICH, recurrent VTE,
and major bleeding in patients with active brain cancer.

Methods: This was a multicenter, international cohort study at participating sites of the
Registro Informatizado Enfermedad Tromboembdlica Registry. Patients included in this
study were classified as having known active brain cancer, active nonbrain cancer, or
without active cancer. ICH at 3 months was the primary study outcome.

Results: Overall, 98,377 patients with VTE were included: 616 with active brain cancer,
16,807 with active nonbrain cancer, and 80,954 without active cancer. At 3 months
follow-up, ICH occurred in 2.8%, 0.3%, and 0.2% of the patients, respectively, and was
fatal in 1.3%, 0.2%, and 0.1%, respectively. Both rates of major bleeding (3.7% vs 3.2%
vs 1.5%, respectively) and recurrent VTE (3.9% vs 3.4% vs 1.1%, respectively) were
higher in patients with brain or nonbrain cancer than in patients without cancer.
Glioblastomas were associated with a numerically higher risk of ICH, fatal ICH, and
recurrent VTE than other brain tumors.

Conclusion: In patients with VTE, active brain cancer was associated with a higher
risk of ICH or fatal ICH than nonbrain or no active cancer. Further studies are needed
to assess the value of different treatment approaches in patients with brain cancer
and VTE.

KEYWORDS
anticoagulants, brain cancer, intracerebral hemorrhages, pulmonary embolism, venous
thromboembolism
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Essentials

« Treatment of venous thromboembolism in patients with brain cancer is challenging.

« This was a multicenter study of patients with brain cancer, nonbrain cancer, or no cancer.

« Patients with brain cancer had a 13-fold higher risk of intracranial hemorrhage than patients without cancer.

« In patients with brain cancer, rates of intracranial hemorrhage and fatal bleeding increase over time after venous thromboembolism.

1 | INTRODUCTION

Venous thromboembolism (VTE) is a well-known complication during
the course of patients with cancer. In large cohort studies, the risk of
VTE was 4- to 7-fold higher in patients with cancer than in patients
with noncancer [1]. As anticoagulant treatment reduces mortality and
recurrences in patients with acute VTE [2], all patients with acute VTE
should be treated with anticoagulant agents [3-5]. The counterbal-
ance of this treatment is bleeding, which may be trivial, even life-
threatening, or fatal [2].

Patients with brain cancer have an increased risk of VTE [6-8].
However, anticoagulant treatment in this setting is challenging due to
the risk of intracranial hemorrhage (ICH), which can offset the po-
tential benefits of anticoagulation. It is conceivable that therapeutic
anticoagulation can further increase the intrinsic risk of ICH associ-
ated with brain cancer. The high risk of ICH makes patients with brain
cancer a peculiar group of patients with VTE. Unfortunately, patients
with brain cancer were excluded or underrepresented in clinical trials
on the treatment of VTE. Nowadays, limited data exist on the
management and course of patients with VTE associated with
brain cancer.

The Registro Informatizado de Enfermedad TromboEmbodlica
(RIETE) is a multicenter, ongoing, international registry of consecutive
patients with objectively confirmed, symptomatic acute VTE
(ClinicalTrials.gov identifier: NCT02832245). Since its inception in
2001, RIETE has aimed to record data, including the clinical charac-
teristics, treatment, and outcomes of patients diagnosed with VTE,
initially in Spanish hospitals and subsequently in hospitals from other
European and American countries [9]. The aims of the analysis con-
ducted in the RIETE study population were as follows: I) to provide
information on a large sample of patients with VTE and brain cancer;
I1) to compare the course of VTE in 3 categories, including patients
with active brain cancer, patients with active nonbrain cancer, and
patients without cancer; and Ill) to provide information on the clinical
course of patients with different types of active brain cancer (glio-

blastoma or other malignant brain cancers) and VTE.

2 | METHODS

At each participating site, investigators enrolled consecutive patients
with acute, symptomatic, objectively confirmed VTE [9]. For the pur-
pose of the present study, patients with VTE included in the RIETE
Registry from inception in March 2001 through September 2022 were

classified into 3 groups: patients with active brain cancer, patients
with active nonbrain cancer, and patients without active cancer. A call
was circulated among RIETE investigators to obtain further details
concerning the type of brain cancer, such as glioblastoma, other ma-
lignant brain cancers, or benign brain tumors. Patients with benign
tumors, either brain or nonbrain, were classified as patients without
active cancer. A subgroup of patients with brain metastases was not
considered since RIETE does not gather information on the site of
metastases at baseline.

Patients were excluded from the present analysis if they 1)
participated in a randomized trial with a blind medication or 2) not
providing oral or written consent for participation in the registry.

Active cancer was defined as cancer diagnosed within the 3
months prior to the incident VTE, metastatic cancer, or cancer with
current therapy (surgery, chemotherapy, radiotherapy, hormonal, or
support therapy). Patients were managed according to the clinical
practice of each participating hospital (ie, there was no standardiza-
tion of treatment). The type, dose, and duration of anticoagulant
therapy were at the discretion of the attending physician. After VTE
diagnosis, all patients were followed up in the outpatient clinic for at
least 3 months. During each visit, any sign or symptom suggesting
recurrent deep vein thrombosis, pulmonary embolism (PE), or major
bleeding were collected.

All patients or their family members provided written or oral
consent for participation in the registry in accordance with Local

Ethics Committee’s policies.

2.1 | Study outcome events
The primary study outcome was ICH at 3 months from diagnosis of
index VTE. Secondary outcomes were recurrent VTE, major bleeding,
fatal ICH, fatal VTE, and death, all at 3 months from index VTE.

ICH was confirmed by brain imaging (computed tomography [CT]
or magnetic resonance) in all patients with neurologic symptoms.

Major bleeding was clinically assessed as any overt bleeding that
was fatal, retroperitoneal, spinal, or intracranial, or requiring a
transfusion of at least 2 units of blood occurring during the follow-up
period [10]. Fatal bleeding was defined as any death occurring within
10 days of a major bleeding episode in the absence of an alternative
cause of death.

All clinically suspected VTE events were investigated for objective
confirmation by compression ultrasound or contrast venography for

deep vein thrombosis, helical CT, ventilation/perfusion scan, or
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TABLE 1 Clinical characteristics of the study population at baseline.

Patients, N
Clinical characteristics
Male gender
Age (mean years + SD)
Age (median [IQR])
Body weight (mean kg + SD)
Body mass index (mean + SD)
Race/ethnicity
White
Latino
Arabian
Asian
Other/nonreported
Underlying conditions
Chronic lung disease
Chronic heart failure
Atrial fibrillation
Already known at baseline
Detected (EKG) at VTE diagnosis
Recent (<30 d) major bleeding
Additional VTE risk factors
Postoperative
<30 d before
30-60 d before
Immobility >4 d
Use of estrogens
Pregnancy or puerperium
None of the above (unprovoked)
Prior VTE
Blood tests
Anemia
Leukocyte count >11,000/uL
Platelet count <100,000/uL
Platelet count >450,000/uL
CrCl levels (mean mL/min + SD)
CrCl levels <60 mL/min
Concomitant drugs
Antiplatelets

Persisted after baseline

Active brain cancer,
n (%)*

616

370 (60)
61+ 14
63 (52-71)
76 + 14
28 +4

149 (24)
5(0.8)
2(0.3)
7(11)

453 (74)

29 (4.7)
12 (1.9)
7 (1.1)
4 (0.6)
3(0.5)
14 (2.3)

207 (34)
128 (21)
76 (12)
147 (24)
11 (1.8)
2(0.3)
255 (41)
64 (10)

257 (42)
168 (27)
52 (8.4)
11 (1.8)
95 + 40
98 (16)

40 (7.2)
15 (2.4)

Active nonbrain cancer,
n (%)*

16,807

8809 (52)°
68 + 13¢
69 (59-77)
72 + 15¢
27 + 5°

5457 (32)
131 (0.8)
63 (0.4)
134 (0.8)
11,022 (66)°

1933 (12)¢
853 (5.1)°
910 (5.4)
487 (2.9)°
423 (2.5)°
515 (3.1)

2235 (13)¢
1439 (8.6)°
750 (4.5)
2662 (16)*
1129 (6.7)°
16 (0.1)
11,076 (66)°
1967 (12)

10,374 (62)°
4718 (28)
962 (5.7)
981 (5.8)¢
77 + 78¢
5903 (35)°

2109 (14)¢
665 (4.0)
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Nonactive or no cancer,
n (%)*

80,954

39,737 (49)°
65 + 18°
69 (52-79)
77 + 17

28 + 6°

23,986 (30)°
939 (1.2)
352 (0.4)
614 (0.8)

55,063 (68)°

8999 (11)¢
5454 (6.7)°
4649 (5.7)°
2301 (2.8)°
2348 (2.9)¢
1721 (2.1)

8171 (10)°
5815 (7.2)°
2225 (2.7)¢
19,230 (24)
4359 (5.4)
1159 (1.4)°
49,378 (61)
12,488 (15)°

22,826 (28)°
21,077 (26)
1435 (1.8)¢
2360 (2.9)
82 + 82¢
26,622 (33)°

12,320 (17)¢
2940 (3.6)

(Continues)
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TABLE 1 (Continued)
Active brain cancer,
n (%)?
Discontinued at baseline 25 (4.1)
Corticosteroids 319 (56)
NSAIDs 25 (4.5)
Chemotherapy 330 (55)
Radiotherapy 224 (38)
Psychotropics (N = 67,617) 98 (30)

Active nonbrain cancer, Nonactive or no cancer,

n (%)? n (%)?
1444 (8.6) 9380 (12)¢
2235 (15)¢ 5683 (7.7)¢
1102 (7.2)° 4567 (6.2)
8160 (52) 11 (0.3)¢
2022 (13)¢ 7 (0.2)¢
2023 (19)¢ 10,057 (18)¢

CrCl, creatinine clearance; EKG, electrocardiogram; NSAIDs, nonsteroidal anti-inflammatory drugs; VTE, venous thromboembolism.

Comparisons between patients with brain cancer vs other subgroups.
2Unless otherwise specified.

PP <.05.

‘P <.01.

9P <.001.

angiography for PE. Recurrent VTE was locally assessed as the
occurrence of symptomatic objectively confirmed deep vein throm-
bosis (defined as a new noncompressible vein segment or an increase
of the vein diameter by at least 4 mm compared with the last available
measurement on venous ultrasonography) of recurrent symptomatic
and objectively confirmed PE (defined as a new ventilation-perfusion
mismatch on lung scan or a new intraluminal filling defect on CT).

Death in the first 3 months after the index VTE was collected and
assessed using medical record review and proxy interviews when
necessary.

2.2 | Study variables

The following baseline data were collected at the time of inclusion in
the study: age; gender; body weight; VTE presentation (PE with or
without concomitant deep vein thrombosis vs isolated lower or upper
deep vein thrombosis); the presence of active cancer that was further
classified as brain cancer and nonbrain cancer; the presence of co-
morbid conditions, including chronic heart or lung disease; recent
(<30 days prior to VTE) major bleeding; concomitant medication use,
including antiplatelet drugs, nonsteroidal anti-inflammatory drugs
(NSAIDs), steroids, or psychotropics; the presence of major risk fac-
tors for VTE including recent immobility (defined as nonsurgical pa-
tients assigned to bed rest with bathroom privileges for >4 days 2
months prior to VTE), surgery (<2 months prior to VTE), the use of
hormonal therapy, pregnancy, or puerperium prior to VTE; and labo-
ratory test results, including full-blood count and serum creatinine
levels. Patients presenting with PE, either with or without a
concomitant deep vein thrombosis, were considered patients with PE
for study purposes. Therapeutic strategies were distinctly docu-
mented for both acute and long-term treatment. Concerning antico-
agulant treatment with low molecular weight heparin (LMWH), dosing
was defined as appropriate (1 mg/kg twice a day in the initial 7 to 10
days followed by 75% to 50% of the dose in patients with normal renal

function, half dose for patients with creatinine clearance <30 mL/min)
or inappropriate per body weight and renal function [11-13]. Similarly,
dosing of anticoagulant treatment with fondaparinux was defined as
appropriate (5 mg once a day if body weight <50 kg, 7.5 mg once a day
for body weight between 50 and 100 kg, 10 mg once a day if body
weight >100 kg; not to be used for creatinine clearance <30 mL/min)
or inappropriate per body weight. For anticoagulant treatment with
direct oral anticoagulants (DOACs), dosing was considered appro-
priate if prescribed according to currently recommended regimens for
the treatment of VTE. The use of appropriate and inappropriate doses
were not differentiated for unfractioned heparin, thrombolytics, and
vitamin K antagonists.

Investigators recorded data on a computer-based case report
form and submitted the forms to a centralized coordinating center
through a secure website. The RIETE coordinating center used mul-
tiple data quality control procedures to optimize data quality. In
particular, data were regularly monitored to detect inconsistencies or
errors, and queries requiring resolution by the local investigators were
sent to each site. Furthermore, contract research organizations
monitored data quality by comparing medical records with the sub-

mitted data during periodic visits to participating hospitals.

2.3 | Statistical analysis

Baseline characteristics are reported using descriptive statistics:
continuous variables are expressed as mean = SD or median with IQR
when data did not have a normal distribution (according to the
Shapiro-Wilk test); categorical data are given as counts and per-
centages. In particular, for study purposes, we provided information
on patient features, symptoms, anticoagulant treatment, and study
outcome events in patients presenting with active brain cancer, active
nonbrain cancer, and without active cancer. The rate of study outcome
events was compared among the 3 patient subgroups. Variables

potentially associated with study outcome events were evaluated
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TABLE 2 Treatment strategies for the study population.
Nonactive or no cancer,

Active brain cancer, Active nonbrain cancer,

n (%)? n (%)° n (%)*
Patients, N 616 16,807 80,954
Patients receiving anticoagulant treatment, N (%) 613 (99) 16,728 (99) 80,797 (99)
Duration of therapy
Mean days (+SD) 204 + 321 230 + 360 316 + 454

Median days (IQR)

126 (87-226)

129 (77-247)

185 (150-200)"

Duration >6 mo 213 (35) 6463 (39) 43,246 (53)f
Initial therapy
Unfractionated heparin 31 (5.0) 839 (5.0) 4475 (5.5)
LMWH, recommended doses” 416 (68) 11,646 (69)¢ 53,895 (67)
LMWH, higher doses 24 (3.9) 752 (4.4) 3441 (4.3)
LMWH, lower doses 131 (21) 2842 (17)f 11,743 (15)f
Fondaparinux, recommended doses® 6 (1.0) 160 (0.9) 1294 (1.6)
Fondaparinux, higher doses 0 14 (0.1) 172 (0.2)
Fondaparinux, lower doses 0 42 (0.2) 188 (0.2)
Rivaroxaban, recommended doses 1(0.2) 121 (0.7) 2237 (2.8)f
Rivaroxaban, lower doses 0 20 (0.1) 211 (0.3)
Apixaban, recommended doses 1(0.2) 48 (0.3) 758 (0.9)
Apixaban, lower doses 0 12 (0.1) 167 (0.2)
Edoxaban, recommended doses 0 7 (0.04) 54 (0.1)
Edoxaban, lower doses 0 0 8 (0.01)
Dabigatran 0 0 29 (0.04)
Thrombolytics 1(0.2) 114 (0.7) 1223 (1.5)°
Inferior vena cava filter 58 (9.4) 798 (4.7) 1659 (2.0)f
Long-term therapy
Vitamin K antagonists 95 (15) 3569 (21)° 49,340 (61)'
LMWH, recommended doses” 293 (48) 7396 (44)° 9958 (12)'
LMWH, higher doses 8(1.3) 285 (1.6) 497 (0.6)
LMWH, lower doses 170 (28) 3265 (19)° 6306 (7.8)"
Rivaroxaban, recommended doses 4 (0.65) 270 (16) 5199 (6.4)f
Rivaroxaban, higher doses 0 48 (0.3) 1040 (1.3)f
Rivaroxaban, lower doses 0 33 (0.2) 338 (0.4)
Apixaban, recommended doses 6 (1.0) 230 (1.3) 3079 (3.8)f
Apixaban, higher doses 0 18 (0.1) 436 (0.5)
Apixaban, lower doses 0 36 (0.2) 360 (0.4)
Edoxaban, recommended doses 0 134 (0.7) 1159 (1.4)
Edoxaban, lower doses 0 25 (0.2) 221 (0.3)
Dabigatran 2 (0.3) 17 (0.1) 392 (0.5)
Fondaparinux, recommended doses 7 (1.1) 106 (0.6) 300 (0.4)°



BECATTINI ET AL

6 of 16 rpm

research & practice
in thrombosis & haemostasis

Active brain cancer,

TABLE 2 (Continued)
n (%)?
Fondaparinux, higher doses 1(0.2)
Fondaparinux, lower doses 0

LMWH, low molecular weight heparin.

Comparisons between patients with brain cancer vs other subgroups.
2Unless otherwise specified.

Active nonbrain cancer, Nonactive or no cancer,

n (%)? n (%)?
13 (0.1) 47 (0.1)
66 (0.4) 108 (0.1)

POne mg/kg twice a day in the initial 7-10 days followed by 75%-50% of the dose in patients with normal renal function, half dose for patients with

creatinine clearance <30 mL/min.

“Five mg once a day if body weight <50 kg, 7.5 mg once a day if body weight between 50 and 100 kg, and 10 mg once a day if body weight >100 kg; not to

be used for creatinine clearance <30 mL/min.
dp <.05.

P <.01.

P <.001.

using univariate analysis and the Mann-Whitney U-test for contin-
uous variables, and the chi-squared or Fisher exact test for dichoto-
mous variables. Variables statistically or marginally significant (P <.10)
in the univariate analysis were introduced in a multivariate model
(backward binary logistic regression model).

The time to the first event of the primary or secondary outcomes
during the study period was analyzed using the Cox proportional
hazard model, including stratification factors as covariates and
adjusting for the competing risk of death unrelated to VTE by the Fine
and Gray regression model [14].

The SPSS software (version 22, SPSS Inc) was used for the sta-
tistical management of the data. A 2-sided P value of.05 was consid-
ered statistically significant.

3 | RESULTS

Overall, 98,377 patients were included in this analysis, with 616
having VTE associated with active brain cancer, 16,807 having VTE
associated with active nonbrain cancer, and 80,954 having VTE
without active cancer.

Patients with brain cancer were younger, had a lower prevalence
of chronic lung or heart disease and atrial fibrillation, and had better
creatinine clearance than those with nonbrain cancer and those
without cancer (Table 1). In patients with brain cancer, VTE was more
commonly associated with recent surgery than other patient
categories.

The use of anticancer agents at VTE diagnosis was similar in pa-
tients with brain or nonbrain cancer, whereas the use of radiotherapy
was more common among patients with brain cancer (38% vs 13%)
than in patients with nonbrain cancer.

The type of VTE was acute PE in 60.2%, 50.1%, and 53.8% of
patients with brain, nonbrain, and without cancer, respectively
(Supplementary Table S1). Both bilateral deep vein thrombosis and
deep vein thrombosis related to central venous lines were more
prevalent in patients with cancer (either brain or nonbrain) than in
patients without cancer.

3.1 | Strategies for VTE treatment

The median duration of anticoagulant treatment differed across the 3
patient groups and was about 4 months in both patients with brain
and nonbrain cancer compared with about 6 months in patients
without cancer (Table 2).

In the initial phase of treatment, the prevalence of the use of
unfractionated heparin and LMWH was similar across the 3 patient
groups; the use of subtherapeutic regimens of LMWH was more
common in patients with active brain cancer compared with the other
patient groups and accounted for about one-fourth of patients with
brain cancer (Table 2). In addition, vena cava filters were inserted in
9.4%, 4.7%, and 2.0% of patients with brain, nonbrain, or without
cancer, respectively. Fondaparinux and DOACs were used in a mi-
nority of patients for either initial or long-term treatment of VTE,
particularly in patients with brain cancer.

Among patients receiving LMWH for long-term treatment, 26% of
patients with brain cancer, 19% with nonbrain cancer, and 8% without

cancer received subtherapeutic doses.

3.2 | Study outcome events

Overall, at 3 months follow-up after index VTE, ICH occurred in 2.8%
(17/616), 0.3% (58/16,807), and 0.2% (153/80,954) of the patients with
brain cancer, nonbrain cancer, and without active cancer (Table 3).
Cumulative rates of ICH continued to increase during anticoagulation in
patients with brain cancer (from 0.33% at 10 days to 3.16% at 90 days
from the index VTE), whereas the increase was less pronounced in
patients with nonbrain cancer or without cancer (Figure 1). The main
features of patients experiencing ICH and the management of ICH in
the 3 patient groups are reported in Supplementary Table S2.

Rates of significant bleeding at 3 months from index VTE were
about 2-fold higher in patients with brain or nonbrain cancer
compared with patients without cancer (3.7% vs 3.2% vs 1.5%,
respectively). Almost all major bleeds occurred during anticoagulant
treatment. In patients with brain cancer, 73.9% of major bleeding was
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TABLE 3 Clinical outcomes within the first 3 months of anticoagulant therapy.

Active brain cancer,

n (%)
Patients, N 616
Events
Major bleeding 23 (3.7)
On treatment 23 (3.7)
Off treatment 0
Site of major bleeding
Gastrointestinal 3(0.5)
Hematoma 3(0.5)
Intracranial 17 (2.8)
On treatment 17 (2.8)
Off treatment 0
Retroperitoneal 1(0.2)
Genitourinary 0
Recurrent VTE 24 (3.9)
On treatment 21 (3.4)
Off treatment 3(0.5)
Recurrent PE 16 (2.6)
Recurrent DVT 8(1.3)
Death 110 (18)
Causes of death
Initial PE 5(0.8)
Recurrent PE 1(0.2)
Bleeding 9 (1.5)
Intracranial bleeding 8 (1.3)
Disseminated cancer 68 (11)
Sudden, unexpected 1(0.2)
Respiratory insufficiency 2 (0.3)

Active nonbrain cancer, Nonactive or no cancer,

n (%) n (%)

16,807 80,954
544 (3.2) 1184 (1.5)°
539 (3.2) 1182 (1.5)°
5 (0.03) 2 (0.0)
260 (1.5)° 327 (0.4)
55 (0.3) 375 (0.5)
58 (0.3)° 153 (0.2)°
56 (0.3)° 152 (0.2)°
2 (0.01) 1(0.0)
36 (0.2) 108 (0.1)
62 (0.4) 67 (0.2)
567 (3.4) 903 (1.1)°
520 (3.1) 832 (1.0)°
47 (0.3) 71(0.2)°
286 (1.7) 451 (0.6)°
297 (1.8) 454 (0.6)°
3390 (20)° 2847 (3.5)°
197 (1.2) 402 (0.5)
62 (0.4) 81(0.1)
136 (0.8) 188 (0.2)°
29 (0.2)° 65 (0.1)°
1973 (12) 68 (0.1)°
38 (0.2) 108 (0.1)
182 (1.1)° 357 (0.4)

DVT, deep vein thrombosis; PE, pulmonary embolism; VTE, venous thromboembolism.

Comparisons between patients with brain cancer vs other subgroups.

2p <.05.
bp <01.
°P <.001.

ICH (17 out of 23 events) compared with 10.7% in patients with
nonbrain cancer (58 out of 544 events) and 12.9% in patients without
cancer (153 out of 1184 events).

At completing the risk analysis, brain cancer was the strongest
predictor of ICH (subdistribution HR, 13.9; 95% Cl, 8.05-24.1)
compared with nonbrain cancer (subdistribution HR, 1.60; 95% Cl,
1.15-2.21) and without cancer (reference) (Table 4 and Figure 2).
Recent major bleeding, thrombocytopenia, creatinine clearance <60
mL/min, concomitant use of psychotropic drugs, and presentation as

acute PE were additional independent risk factors for ICH.

Fatal ICH occurred in 1.3%, 0.2%, and 0.1% of patients with brain,
nonbrain, and without cancer, respectively (Table 3). In addition, in
patients with active brain cancer, death due to bleeding continued to
increase during follow-up, whereas rates of death due to VTE (fatal
PE) were higher in the early phases after VTE diagnosis and then
reached a plateau (Figure 2).

The rate of recurrent VTE at 3 months from index VTE was similar
in patients with brain or nonbrain cancer (3.9% and 3.4%, respectively)
and higher than that in patients without cancer (1.1%) (Table 3). These

rates were mainly accounted for by recurrences occurring on
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Days 10 20 30 60 90
Active brain cancer At risk 604 580 575 526 502
Intracranial bleeding | 2 (0.33%) 6 (1.02%) 7 (1.19%) 12 (2.12%) 17 (3.16%)
Active non brain cancer | At risk 16,306 15,422 15,120 13,671 13,069
Intracranial bleeding | 17 (0.11%) | 26 (0.16%) 33 (0.21%) 49 (0.33%) 60 (0.42%)
Non-active or no cancer | At risk 79,900 78,247 77,907 76,095 74,554
Intracranial bleeding | 56 (0.07%) 79 (0.1%) 98 (0.12%) 131 (0.17%) [ 158 (0.20%)

FIGURE 1 Cumulative rates of intracranial bleeding within the first 3 months in patients with brain cancer, cancer in other sites, or no

cancer.

anticoagulant treatment. In patients with brain cancer, recurrent VTE
was more commonly a PE than a deep vein thrombosis, although the
proportion of recurrent PE and recurrent deep vein thrombosis was
similar in patients with nonbrain and without cancer.

At completing the multivariable risk analysis, patients with brain
cancer and nonbrain cancer had a higher risk of recurrent VTE (sub-
distribution HR, 3.23; 95% Cl, 2.13-4.86 and subdistribution HR, 2.97;
95% Cl, 2.64-3.34, respectively) than patients without cancer (Table 4
and Figure 1). Age <70 vyears, prior VTE, recent major bleeding,
increased leucocyte count, thrombocytopenia, and the concomitant
use of NSAIDs or psychotropic drugs were additional independent risk
factors for recurrence in the study population.

Patients with brain cancer had the highest risk for major bleeding
(subdistribution HR, 2.53; 95% ClI, 1.65-3.86) than in patients with
nonbrain cancer (subdistribution HR, 1.78; 95% Cl, 1.60-1.99) and pa-
tients without cancer (reference). Additional independent risk factors
for major bleeding were male gender, age >70 years, recent major
bleeding, increased leucocyte count, anemia and thrombocytopenia or
thrombocytosis, creatinine clearance <60 mL/min, and presentation as
acute PE.

Only 2 patients with brain cancer received DOACs for initial anti-
coagulant therapy and 12 for long-term therapy. Two of these patients
developed ICH during long-term therapy (Supplementary Table S3).

When the use of anticoagulant treatment was added to the
competing risk analyses, the use of supratherapeutic doses was
associated with a reduced risk of recurrent VTE, and the use of sub-
therapeutic doses was associated with a reduced risk of major
bleeding compared with recommended doses (reference)
(Supplementary Table S4).

3.3 | Type of brain cancer and study outcome
events

The type of brain cancer was available in 393 patients (64%) (Table 5).
Active brain cancer was glioblastomas in 256 patients (65%). LMWH
was the most commonly used anticoagulant treatment for initial and
long-term anticoagulation in patients with glioblastoma (71%) and
other malignant neoplasms (74%). During long-term treatment, 34%
and 22% of patients with glioblastoma or other malignant brain tu-
mors received subtherapeutic doses of anticoagulation, although 9.4%
and 14% received vena cava filter insertion in the acute phase. Rates
of ICH, fatal ICH, and recurrent VTE were numerically (not signifi-
cantly) higher in patients with glioblastoma than those with other
malignant brain tumors (Table 5 and Figure 3).
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TABLE 4 A competing risk model for intracranial bleeding, venous thromboembolism recurrences, or major bleeding within the first 90 days.

Intracranial bleeding, HR (95% Cl) VTE recurrences, HR (95% ClI) Major bleeding, HR (95% ClI)

Demographics
Male gender
Age >70y
Body weight <75 kg
Underlying conditions
Chronic lung disease
Chronic heart failure
Atrial fibrillation
Recent (<30 d) major bleeding
Prior VTE
Blood tests
Anemia
Leukocyte count >11,000/uL
Platelet count <100,000/uL
Platelet count >450,000/uL
CrCl levels <60 mL/min
Concomitant drugs
Antiplatelets
Corticosteroids
NSAIDs
Psychotropics
Initial VTE presentation
Lower limb isolated DVT
PE
Upper limb isolated DVT
Initial therapy
Low molecular weight therapy
Unfractionated heparin
DOACs
Other therapies
Study subgroups
No active cancer
Active brain cancer

Active nonbrain cancer

CrCl, creatinine clearance; DOACs, direct oral anticoagulants; DVT, deep vein thrombosis; NSAIDs, nonsteroidal anti-inflammatory drugs; PE, pulmonary

0.96 (0.69-1.33)
1.12 (0.85-1.47)

3.90 (2.44-6.23)°

1.31 (0.98-1.76)

3.03 (1.96-4.68)°

1.82 (1.29-2.56)°

1.26 (0.86-1.85)

1.56 (1.11-2.18)°

Ref.
1.37 (1.04-1.81)"

Ref.
1.67 (1.07-2.62)"

2.44 (1.54-3.88)°

Ref.
13.9 (8.05-24.1)°
1.60 (1.15-2.21)°

embolism; Ref., reference; VTE, venous thromboembolism.

1.11 (0.99-1.23)
0.68 (0.61-0.78)°
1.10 (0.99-1.23)

1.64 (1.26-2.13)°
1.51 (1.32-1.72)°

1.06 (0.95-1.19)
1.46 (1.31-1.63)°
1.34 (1.04-1.72)°
1.06 (0.82-1.35)
0.92 (0.80-1.06)

1.04 (0.88-1.23)
1.32 (1.09-1.60)°
0.75 (0.62-0.89)°

Ref.
0.75 (0.67-0.83)°
0.71 (0.55-0.90)°

Ref.

1.90 (1.59-2.62)°
0.54 (0.36-0.80)°
1.34 (1.06-1.70)°

Ref.
3.23 (2.13-4.86)°
2.97 (2.64-3.34)°

0.89 (0.81-0.99)°
1.24 (1.10-1.40)°
0.94 (0.85-1.05)

1.09 (0.95-1.26)
1.16 (0.99-1.37)
1.03 (0.87-1.23)
2.65 (2.21-3.18)°
0.89 (0.77-1.03)

2.01 (1.81-2.23)°
1.50 (1.36-1.66)°
1.92 (1.57-2.35)°
146 (1.21-1.77)°
1.80 (1.59-2.03)°

1.01 (0.80-1.27)
1.10 (0.95-1.26)

1.41 (1.23-1.62)°

Ref.
1.32 (1.19-1.46)°

Ref.

1.43 (1.22-1.69)°
0.56 (0.37-0.84)°
1.67 (1.37-2.04)°

Ref.
2.53 (1.65-3.86)°
1.78 (1.60-1.99)°

2P <.05
bp <01
‘P <.001.
Patients with known benign brain tumors received similar treat- (Supplementary Table S5). The risk of ICH in patients with benign brain
ment strategies as those with active malignant brain tumors, except for tumors was apparently lower than that of patients with malignant brain

higher use of vitamin-K-antagonists during long-term anticoagulation cancer but about 5-fold higher than that of patients with noncancer.
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Cumulative incidence (%)

Days
Days 5 10 30 60 90
Brain cancer | Fatal PE 3 (0.49%) 6 (0.98%) 6 (0.98%) 6 (0.98%) 6 (0.98%)
Fatal bleeding 0 1(0.17%) 2 (0.34%) 5 (0.91%) 9 (1.75%)
Other cancers | Fatal PE 126 (0.76%) | 201 (1.22%) | 225 (1.37%) | 245 (1.51%) 259 (1.62%)
Fatal bleeding | 22 (0.13%) | 41(0.25%) | 90 (0.57%) | 121 (0.79%) | 134 (0.89%)

FIGURE 2 Cumulative rates of fatal pulmonary embolism and fatal bleeding within the first 3 months in patients with brain cancer and in

those with other cancers. PE, pulmonary embolism.

4 | DISCUSSION

This study, comprising a large sample of patients with VTE, shows that
patients with active brain cancer have a higher risk of ICH and fatal
ICH during anticoagulant treatment than patients with nonbrain
cancer or those without cancer. In patients with brain cancer, the risk
of ICH and fatal bleeding constantly remains high over time after
index VTE, whereas the risk of fatal VTE is high in the initial days after
VTE and then seems to plateau and stabilize. The risk for recurrent
VTE and major bleeding is similar in patients with active brain and
nonbrain cancer and higher in patients without cancer. Patients with
glioblastoma seem to have the highest risk for ICH, major bleeding,
and VTE recurrences compared with patients with other malignant
brain cancers or benign brain tumors.

The correlation between active cancer and VTE is well known.
The risk of VTE varies among cancer types and is particularly high in
patients with brain tumors [6-8,15]. However, patients with brain
cancer are perceived to be at a particularly high risk of ICH when
anticoagulant treatment is prescribed. In addition, patients with brain
cancer are underrepresented in currently available epidemiologic and
treatment studies [16,17]. Our analysis of patients included in the
RIETE Registry probably reports on one of the largest cohorts of
patients with brain cancer and VTE and provides information on the
epidemiology, management, and course of patients with brain cancer

and VTE compared with patients with nonbrain cancer and without

cancer. These data have the potential to inform clinical practice and
future clinical research in this setting.

In the present study, the absolute risk of ICH in patients with
brain tumors was significantly higher than in patients with nonbrain
or without cancer. In particular, almost all major bleeding in patients
with brain cancer occurred at the intracranial site (73.9%), whereas
gastrointestinal bleeding was the most common major bleeding in
patients with nonbrain cancer (47.8%) and hematoma in patients
without cancer (31.7%). Moreover, in this large cohort, patients with
brain cancer had an increased risk of fatal ICH compared with other
patient groups. These findings are in line with those from previous
reports. In a retrospective cohort of patients with cancer-associated
VTE, the incidence of major bleeding was 8.6% patient-years (95%
Cl, 4.8-14.7) in 182 patients with brain cancer vs 5.0% patient-years
(95% Cl, 2.8-9.2) in 182 matched patients without brain cancer [18];
patients with brain cancer had a higher incidence of ICH (4.9% vs
0%) and a lower incidence of gastrointestinal bleeding (0% vs 4.4%)
than patients without brain cancer. Taken together, our results
renew the concept of an intrinsic risk of ICH in patients with brain
cancer (cancer invasion of vascular environment, tissue disruption,
etc.) that may be increased with anticoagulation. This increased risk
may explain the finding of more common use of subtherapeutic
doses of anticoagulant agents and vena cava filter insertion in pa-
tients with brain cancer compared with patients with nonbrain and

without cancer.
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0 30 60 90
Days

Days 10 20 30 60 90

Glioblastoma At risk 251 243 242 219 209
Intracranial bleeding 0 2(0.82%) | 2(0.82%) | 6(2.60%) | 10(4.64%)

Other brain cancers At risk 136 131 129 120 115
Intracranial bleeding | 2(147%) | 2(1.47%) | 3(2.25%) | 3(225%) | 3(2.25%)

FIGURE 3 Cumulative rates of intracranial bleeding within the first 3 months in patients with glioblastoma vs other brain cancers.

The absolute rate of ICH in patients with brain cancer in our study
was lower than previously reported [19-21]. It is conceivable that this
is due to differences in study design. RIETE is a noninterventional
study in the overall population of patients with VTE, whereas the
comparator studies were dedicated to patients with brain cancer and
VTE, the majority having retrospective design. Differences in study
design could have accounted for different event rates and, in partic-
ular, the duration of follow-up and the frequency of cerebral CT
(confirmatory test in case of new symptoms vs follow-up test).

Whether anticoagulation is safe to be administered for patients
with brain tumors has been debated for several decades. Two meta-
analyses have been conducted aimed at assessing the role of anti-
coagulant therapy in the risk for ICH in patients with brain tumors
[20,21]. Both these meta-analyses found an increased risk for ICH
in patients with brain cancer receiving therapeutic anticoagulation
than those who did not receive anticoagulation. In the present
study covering a follow-up period of 3 months after diagnosis of
VTE, almost all

treatment.

major bleeds occurred during anticoagulant

We found similar rates of recurrent VTE or fatal PE in patients
with brain cancer and patients with nonbrain cancer. These results

were confirmed after adjusting for the competing risk of death and the

use of subtherapeutic regimens of anticoagulation. These results are
plausible and consistent with previous observational studies [17].
However, limited data are currently available on the risk of recurrent
VTE in patients with brain cancer.

In our study, rates of ICH and fatal ICH during anticoagulant
treatment increased over time in patients with brain cancer, whereas
the fatal PE rate was higher in the first 10 days and then remained
stable over time. This was not observed in patients with nonbrain
and without cancer. Whether these data may favor regimens of
anticoagulation with early dose reduction in patients with brain
cancer and VTE remains to be addressed in future studies. Similarly,
the potential benefit observed with DOACs in terms of recurrent
VTE and major bleeding in patients with active brain cancer
compared with LMWH requires ad hoc clinical studies before driving
clinical decision-making. In fact, RIETE is a nonintervention study,
and all results dealing with the effects of treatment should be
regarded with caution.

In our study, in patients for whom the type of brain cancer was
available, the risk of major bleeding and ICH differed based on the
type of brain cancer. Patients with glioblastoma appeared to have the
worst prognosis in terms of recurrent VTE and bleeding complications

compared with patients with other brain cancers. Although the limit of
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TABLE 5 Treatment strategies and clinical outcomes within the first 3 months by type of brain tumor.

Glioblastoma, n (%) Other malignant brain cancers, n (%) Odds ratio (95% Cl)
Patients, N 256 137
Initial therapy
Unfractionated heparin 11 (4.3) 8 (5.8) 0.72 (0.28-1.84)
LMWH, recommended doses 163 (71) 93 (74) 0.87 (0.56-1.36)
LMWH, higher doses 4 (1.6) 5 (3.6) 0.42 (0.11-1.59)
LMWH, lower doses 64 (28) 27 (22) 1.36 (0.82-2.26)
Fondaparinux, recommended doses 5(2.0) 0 -
Rivaroxaban, recommended doses 0 1(0.7) -
Apixaban, recommended doses 1 (0.4) 0 -
Apixaban, lower doses 0 1(0.7) -
Thrombolytics 1 (0.4) 0 -
Inferior vena cava filter 24 (9.4) 19 (14) 0.64 (0.34-1.22)
Long-term therapy
Vitamin K antagonists 16 (6.3) 27 (20)° 0.27 (0.14-0.52)
LMWH, recommended doses 134 (52) 59 (43) 1.47 (0.97-2.24)
LMWH, higher doses 0 2 (1.5) -
LMWH, lower doses 88 (34) 31(22) 179 (1.11-2.88)
Rivaroxaban, recommended doses 1 (0.4) 5 (3.6)° 0.10 (0.01-0.90)
Rivaroxaban, higher doses 0 0 -
Apixaban, recommended doses 2 (0.8) 5(3.6) 0.21 (0.04-1.09)
Fondaparinux, recommended doses 4(1.7) 1(0.7) 2.16 (0.24-19.51)
90-d outcomes
Major bleeding 12 (4.7) 4 (2.9) 1.64 (0.52-5.17)
Site of major bleeding
Gastrointestinal 0 1(1.5) -
Cerebral 10 (3.9) 3(2.2) 1.82 (0.49-6.71)
Genitourinary 0 0 -
Retroperitoneal 0 0 =
Hematoma 2 (0.8) 0 -
Recurrent VTE 10 (3.9) 4(2.9) 1.35 (0.42-4.39)
Recurrent PE 6 (2.3) 2 (1.5) 1.62 (0.32-8.14)
Recurrent DVT 4 (1.6) 2 (1.5) 1.07 (0.19-5.93)
Death 49 (19) 18 (13) 1.56 (0.87-2.81)
Causes of death
PE 0 1(0.7) -
Bleeding 5(2.0) 2 (1.5) 1.34 (0.26-7.02)
Intracranial bleeding 5 (2.0 1(0.7) 2.71 (0.31-23.4)
Cancer 37 (14) 10 (7.3)° 2.15 (1.03-4.46)
Sudden, unexpected 1 (0.4) 0 -
Respiratory insufficiency 0 1(0.7) -

DVT, deep vein thrombosis; LMWH, low molecular weight heparin; PE, pulmonary embolism; VTE, venous thromboembolism.
Comparisons between patients with glioblastoma vs other cancers.

P <.05.

bp <.001.
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small numbers calls for further studies, these findings are relevant as
glioblastoma is the most common among primary brain cancers. Pre-
vious studies showed that the risk of ICH in patients with brain cancer
appeared to be mainly driven by patients with glioma (OR, 3.75; 95%
Cl, 1.42-9.95) and not by patients with brain metastases (OR, 1.07;
95% Cl, 0.61-1.88) [20,21].

Our study has some limits. Some are related to the intrinsic limits of
registries in which patients are not treated with standardized regimens
of anticoagulation, and given that the RIETE Registry covers a large
time period (>2 decades), the LMWH dosing strategies used over time
may have varied in RIETE; treatment varied with local practices and is
likely to have been influenced by physician’s assessment of patient’s
profile of bleeding or recurrent risk. RIETE does not have a central
adjudication committee, and events rely on the reports of attending
physicians. It is conceivable that some doctors may have under-
estimated the relative frequency of fatal PEs or fatal bleeding, and we
cannot exclude a potential loss to follow-up if patients experienced an
event due to admission to a nonparticipatory institution. Patients with
brain metastases were not identifiable in our study since RIETE does
not gather information on the site of metastases at baseline. Finally, the
present analysis was not prespecified, making it impossible to have
complete data on the type of brain cancer in all patients. However, our
study has some strengths. The study includes the largest sample of
patients with brain cancer-related VTE, and the consistency of our re-
sults with previous reports from the literature supports their reliability.
Although analyses related to treatment should be regarded with
caution, the study has the unique potential to provide figures on the
course of patients with active brain cancer. To overcome limits related
to lack of information in some patients, additional data on brain cancers
were collected ad hoc for the present analysis.

In conclusion, brain cancer is associated with a high risk of ICH
and fatal ICH in patients with VTE. The risk of recurrence and non-
ICH major bleeding is similar in patients with brain or nonbrain can-
cer but higher in patients without cancer. These figures make de-
cisions on anticoagulation challenging and claim for further studies,
specifically assessing the value of different treatment approaches in
patients with brain cancer and VTE.
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