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Essentials:
e Intracranial hemorrhage (ICH) occurs commonly in patients with primary brain tumors
e The role of antiplatelet agents in this setting has not been previously assessed
e Antiplatelet medications were not associated with an increased risk of ICH in patients with
primary brain tumors
¢ In a glioblastoma subgroup, the use of antiplatelet medications did not increase the risk
of ICH



Abstract
Background
Spontaneous intracranial hemorrhage (ICH) is a frequent and severe consequence of primary

brain tumors. The safety of antiplatelet medications in this patient population is undefined.

Objective
The primary objective was to determine whether antiplatelet medications are associated with an

increased risk of ICH in patients with primary brain tumors.

Patients/Methods

We performed a matched, retrospective cohort study of patients with the diagnosis of primary
brain tumor treated at our institution between 2010 and 2021. Radiographic images of all
potential ICH events underwent blinded review. The primary end point of the study was the

cumulative incidence of ICH at 1 year after tumor diagnosis.

Results and Conclusions

A total of 387 patients with primary brain tumors were included in the study population (130
exposed to antiplatelet agents, 257 not exposed). The most common malignancy was
glioblastoma (n=256, 66.1%). Among the intervention cohort, 119 patients received aspirin
monotherapy. The cumulative incidence of any ICH at 1 year was 11.0% (95% confidence interval
[Cl], 5.3 - 16.6) in those receiving antiplatelet medications and 13.0% (95% Cl, 8.5 —17.6) in those
not receiving antiplatelet medications (Gray test p = 0.6). The cumulative incidence of major ICH
was similar between the cohorts (3.3% in antiplatelet cohort vs 2.9% in control cohort, p = 1.0).
This study did not observe an increased incidence of ICH in patients with primary brain tumors

exposed to antiplatelet medications.
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Introduction

Spontaneous intracranial hemorrhage (ICH) frequently complicates the clinical course of patients
with primary brain tumors [1-3]. Among these tumors, higher grade gliomas and the highly
vascular glioblastoma appear particularly prone to hemorrhage [4,5]. ICH can represent a
devastating neurologic event in cancer patients and portends high morbidity and mortality.
Previous studies have identified 30-day mortality rates as high as 50% and significant impaired

functional status among survivors [6,7].

Antiplatelet medications, including aspirin and P2Y12 inhibitors, are often prescribed in patients
with malignancy due to concomitant cardiovascular or cerebrovascular indications [8]. Though
commonly regarded as safe and available for over-the-counter use, aspirin has been associated
with an increased risk of hemorrhagic adverse events [9—11]. The impact of these agents on the
risk of ICH in patients without brain tumors is uncertain [12—14]. There are limited data exploring
antiplatelet medication and brain tumor-associated ICH [15]. Although the risk of ICH associated
with antiplatelet agents was not increased in patients with brain metastases, whether this
translates to patients with primary brain tumors is not known [16]. Accordingly, the risk of ICH is
significantly higher among patients with primary brain tumors receiving therapeutic

anticoagulation but not in the setting of secondary brain metastases [15].

To address whether antiplatelet agents influence the risk of ICH among patients with primary
brain tumors, we investigated the incidence of ICH in patients with primary brain tumors on anti-

platelet therapies compared to a matched cohort of patients without.

Methods

Study design
We conducted a retrospective matched cohort study at Beth Israel Deaconess Medical Center
(BIDMC). The study was approved by the Institutional Review Board. Patients with a diagnosis of

primary brain tumor treated at our institution between 2010 and 2021 were identified through



the BIDMC tumor registry. Patients with metastatic brain disease or with < 2 intracranial
radiologic studies in the electronic medical record were excluded. Using both manual chart
review and an electronic query tool, we extracted clinical variables including demographic
information, medications exposures, comorbid conditions, and specific tumor location. Patients
were included until patient death, date of last known contact (i.e. date of discharge to hospice),
or date of final intracranial imaging study if death or hospice information was not available.
Exposure to anticoagulation was defined as occurring within the 30 days prior to tumor diagnosis
up to death or other censoring date. Information regarding cancer-directed therapies including
systemic therapy, neurosurgery, involved field radiation, and stereotactic brain radiation were

extracted manually from patient chart review.

The intervention group was defined by documented exposure to antiplatelet medications within
30 days prior to brain tumor diagnosis. Antiplatelet agents included aspirin and P2Y12 inhibitors
(clopidogrel, prasugrel, or ticagrelor). Each patient from the intervention cohort was matched
with a control not exposed to antiplatelet agent using a “round-robin” scoring algorithm that
ranked controls according to age, year of diagnosis, sex, anticoagulation exposure (either
therapeutic or prophylactic), and tumor diagnosis [16,17]. Each patient from the intervention

group was matched with one control and, if available, a second control.

Intracranial hemorrhage

Manual chart review was performed of all intracranial imaging reports including magnetic
resonance imaging (MRI) and computed tomography (CT) scans to identify potential bleeding
events. Information surrounding these events including patient symptomatology and subsequent
clinical management were collected from the electronic medical record if a report indicated
bleeding. We excluded any bleed that occurred within 4 weeks following neurosurgical
intervention or that was attributable to stereotactic radiosurgery, which was determined by
radiologic report describing hemorrhage or blood products in the irradiated field co-occurring
with post-radiation changes. Radiologic images of each potential hemorrhage event were then

reviewed by a neuro-radiologist with certificate of added qualification and 10 years’ experience



and two trained research assistants blinded to the study cohort allocation to generate a
consensus read confirming the presence or absence of bleed, calculate hemorrhage volume, and
identify the type of bleeding event. Bleed size was calculated using the one-half ABC method [18].
ICH was classified as trace (< 1 cm?3), measurable (1 — 10 cm3), or major (> 10 cm? or associated

with clinical symptoms) [19].

Statistical analysis

The primary end point of the study was the cumulative incidence of ICH after initial tumor
diagnosis. The initial sample size estimates were based on prior observed frequencies of ICH
among patients with primary brain tumors receiving anticoagulation [17,20]. Accordingly, with
an anticipated rate of ICH of 28% in the antiplatelet cohort and 14% in the control cohort, the
target sample size was approximately 400 with a 1:2 sample size ratio (two-sided a of 0.05% and
power of 0.80). The cumulative incidence of hemorrhage was compared across cohorts using the
Gray test with death as a competing risk [22]. The Fine-Gray model was utilized to identify risk
factor for ICH events in a competing risk analysis and report associated hazard ratios for
covariables. A Kaplan-Meier analysis was used to estimate overall survival (OS) and compared
using the log-rank test across the treatment and control cohorts. Statistical significance was

defined as a P value < 0.05 across all analyses.

Results

Patient characteristics

The study population included 387 total patients with primary brain tumors. Of these patients,
130 were exposed to antiplatelet medications and 257 were not. The median age of patients at
diagnosis was 66 years, and 47.8% of the cohort were female (n=185). As shown in Table 1, glioma
represented the most common category of malignancy (n=319, 82.4%), and glioblastoma
specifically comprised 66.1% of all study patients (n=256). The median number of intracranial

imaging studies was seven across both study and control cohorts. The primary tumor was in a



supratentorial location for 86.6% of the cohort (n=355), and the remaining 13.4% were
infratentorial (n=32). There were a higher proportion of patients with cardiovascular disease on

the anti-platelet cohort (Table 1).

Within the intervention group, 119 patients (91.5%) were exposed to aspirin monotherapy, and
10 patients (7.7%) received dual antiplatelet therapy with aspirin and clopidogrel. One patient
(0.8%) received clopidogrel monotherapy. Among the study cohort, the median time between
primary tumor diagnosis and initiation of antiplatelet therapy was 18 days. A total of 60 patients
(15.5%) across the study population received therapeutic anticoagulation. The number of
patients on anticoagulants were: 29 (48.3%) enoxaparin, 8 (13.3%) warfarin, 5 (8.3%) apixaban,
2 (3.3%) heparin, 1 (1.7%) rivaroxaban and 15 (25%) received multiple anticoagulant agents

during the study period.

Antiplatelet agents and ICH

The cumulative incidence of any ICH at 1 year was 11.0% (95% confidence interval [Cl], 5.3 - 16.6)
in those receiving antiplatelet medications compared with 13.0% (95% Cl, 8.5—-17.6) in those not
receiving antiplatelet medications (P = 0.6, Gray test; Figure 1A). The cumulative incidence of
major ICH at 1 year was 3.3% (95% Cl, 0.1 — 6.5) in the intervention cohort compared to 2.9%
(95% Cl, 0.6 — 5.1) in the control cohort (P = 1, Gray test; Figure 1B).

There was not a significant difference in the volumes of ICH measured between those exposed
and not exposed to antiplatelet medications (P = 0.28; Figure 2). Two of ten ICH (20.0%) were
larger volume (> 10 cm?3) in the antiplatelet group and 3 of 23 (13.0%) in the control group. A
majority of the bleeding events were intraparenchymal (n=36, 65.5%) followed by subdural
(n=12, 21.8%). Thirteen of the ICH events were associated with symptoms (Table 2). Five ICH
events could not be categorized given that they were only captured on MRl images and the one-
half ABC method is only validated for CT scans [18]. These bleeding events were excluded from

Table 2. Bleeding events attributable to stereotactic radiosurgery or occurring in the four-week



period following neurosurgical intervention were excluded a priori (79 ICH in the antiplatelet-

exposed cohort and 81 in the non-exposed cohort).

Clinical predictors for ICH

A univariate analysis to identify variables predictive of measure or major ICH found no significant
predictive value of age at diagnosis, hypertension, exposure to neurosurgery, or tumor location
(Table 3). We performed additional analyses to assess the impact of exposure to therapeutic
anticoagulation. Of the patients exposed to antiplatelet agents, 16.2% received concomitant
antiplatelet medication with therapeutic anticoagulation. There was not a statistically significant
increase in the rate of major hemorrhage administration for the combination of antiplatelet
agent with therapeutic anticoagulation (HR 2.14, 95% Cl 0.24 — 19.41, P = 0.50) compared to
neither. However, therapeutic anticoagulation alone did increase the risk of major ICH compared
to those not taking either medication (HR 6.43, 95% Cl 1.74 — 23.71, P = 0.005) as well as the risk
of all ICH events compared to those not exposed to either medication (HR 2.63, 95% Cl 1.35 —
5.11, P = 0.004).

Glioblastoma subgroup analysis

For patients with glioblastoma, the largest tumor subgroup in the study, the cumulative incidence
of any ICH at 1 year was 15.6% (95% Cl, 7 - 24.2) in those receiving antiplatelet medications
compared to 15.9% (95% Cl, 9.8 — 21.9) in those not receiving these medications (P = 0.99, Gray
test; Figure 3). The cumulative incidence of major ICH at 1 year was 4.1% (95% Cl, 0 — 8.7) in those
receiving antiplatelet medications compared to 4.3% (95% Cl, 0.9-7.7) among controls (P = 0.76,

Gray test).

Overall survival
There was no statistically significant difference in the median survival of patients exposed (28.3
months; 95% Cl, 19.6 — 47.7) or not exposed (21 months; 95% Cl, 16.8 — 31.9; Log-rank P = 0.10)

to antiplatelet medications (Figure 4).



Discussion

The increased risk of life-threatening hemorrhage in the setting of intracranial malignancy
complicates the decision to initiate or continue antiplatelet agents. While previous studies
demonstrated an increased risk of ICH with exposure to therapeutic anticoagulation in primary
brain tumors [17,20,21,23], data on the safety of aspirin in this setting are lacking. We report the
findings of a matched cohort study of 387 patients with primary brain tumors and did not observe

an association with antiplatelet medications and the development of ICH.

There is conflicting evidence whether aspirin and other antiplatelet agents increase the risk of
ICH in the general population in the setting of atherosclerotic disease. While previous meta-
analyses or population-level studies suggested increased risk of ICH, these observations often do
not hold at the level of individual studies [11,14,24]. A matched cohort study of 199,079 aspirin
users in the United Kingdom reported an overall relative risk of 0.90 (95% Cl 0.72-1.13) for
development of all ICH [12]. Interestingly, this study reported a protective effect of aspirin against
subarachnoid hemorrhage (SAH), a finding that has been replicated in other studies [14,25,26].
This protective effect may arise from aspirin-mediated blockade of inflammatory constituents of
aneurysm development [27]. Within our study population, we found only a single SAH occurring
within the first year after brain tumor diagnosis representing 1.8% of all bleeding events, and no
SAH occurred in the antiplatelet-exposed cohort. Aspirin use has also been associated with
increased hematoma size, loss of functional capacity, and higher mortality in patients
experiencing spontaneous ICH [28,29], although the greatest impact appears to be with the use
of dual anti-platelet agents [30]. Based on the limited numbers, we cannot conclude whether

antiplatelet agents affect ICH size in the setting of primary brain tumors.

Rates of spontaneous ICH in primary brain tumors differ based on the specific tumor subtype
[15]. Glioblastoma are known to carry one of the highest incidences of major bleeding among all
cancer types [4,31]. The present study did not demonstrate an elevated risk of any or major ICH

after antiplatelet exposure in a subgroup analysis of patients with glioblastoma, the largest tumor



subtype in the study cohort (66.1%). Interestingly, aspirin exposure has been shown to be
associated with lower incidence of glioma in the Glioma International Case-Control Study [32],
though its impact on ICH outcomes in this setting has not been previously characterized. We
observed a non-significant 7-month improvement in median overall survival among those taking

antiplatelet agents.

To the best of our knowledge, this is the first study to specifically explore the impact of
antiplatelet agents on the risk of ICH in patients with primary brain tumors. Strengths of this
study include use of a blinded radiology review with strict criteria for ICH including objective
classifications based on hemorrhage volume. Previous retrospective studies investigating ICH are
challenging to interpret given wide variation and inconsistencies in definition ranging from
radiologic evidence of trace blood products to large-volume, symptomatic hemorrhage.
However, we acknowledge limitations to our study. As a limited sample size retrospective study,
we cannot exclude the possibility that antiplatelet agents result in a small increased risk in ICH.
However, based on the observed rates of ICH in the two arms, more definitive studies would
require many thousands of patients. We also acknowledge that despite the matched cohort study
design, residual confounding is possible. The decision to pursue treatment with antiplatelet
agents relies on a clinical context that may have similarly impacted patient morbidity and
mortality. As expected, there were more patients with cardiovascular disease in the antiplatelet
cohort. Despite the potential for cardiovascular risk factors such as hypertension to confound the
results due to contribution to ICH risk, reassuringly we observed no significant different in ICH
rates between the two groups. We recognize that given aspirin is available over-the-counter, it
is possible that the non-exposed cohort may have included patients taking aspirin. Reassuringly,
the observed rate of ICH is similar to other studies that included cohorts not thought to be taking
antiplatelet agents [4,17]. A potential corroborating statistical analysis would be time-varying
analysis to explore the incidence of ICH during antiplatelet exposure. However, we were not able
to capture the granularity required for such analysis, i.e. discontinuation dates or temporary
periods off-treatment. As there were a limited number of patients exposed to concomitant

antiplatelet and anticoagulation in our cohort, interpretation of these study results to patients



exposed to this combination therapy is limited. Further investigation is warranted to delineate
the risk of ICH in patients with primary brain tumors exposed to both types of agents. The
majority of patients (66.1%) in this study carried the diagnosis of glioblastoma, we cannot
definitively establish the safety in less represented primary brain tumors. Finally, given that we
excluded bleeding that occurred in the four-week period following neurosurgery or stereotactic
radiosurgery given the high bleeding risk posed by these interventions, the results of our study

cannot be extrapolated to establish safety of antiplatelet medications during this period.

In summary, this study reports safety of antiplatelet medications in patients with primary brain
tumors. Additional investigations are warranted to analyze the impact of combined antiplatelet

and DOAC therapy in this patient population.
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Figure 1:
Cumulative incidence of ICH at 1 year. Figure 1A depicts all ICH and figure 1B depicts major ICH
event in patients on antiplatelet agent (dashed red line) compared to control (solid blue line).

Figure 2:
Distribution of ICH size in patients not exposed to antiplatelet medications (upper panel) and
patients exposed to antiplatelet medications (lower panel).

Figure 3:

Cumulative incidence of ICH at 1 year for the glioblastoma subgroup. Figure 3A depicts all ICH
and figure 3B depicts major ICH event in patients on antiplatelet agent (dashed red line)
compared to control (solid blue line).

Figure 4:
Kaplan-Meier curves for overall survival of intervention (dashed red line) and control (solid blue
line) groups.
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Table 1: Baseline patient demographics and characteristics

Characteristic

Antiplatelet, n = 130

Control, n = 257

Female (number, %) 48 (36.9) 137 (53.3)
Age (median, range) 67 (22 —94) 65 (18 - 97)
Primary malignancy (number, %)

Glioma 98 (75.4) 221 (86.0)
Glioblastoma 78 (60.0) 178 (69.3)
Anaplastic astrocytoma 5(3.8) 16 (6.2)
Anaplastic oligodendroglioma 6 (4.6) 2(0.8)
Diffuse astrocytoma 2 (1.5) 6(2.3)
Miscellaneous® 7 (5.4) 19 (7.4)

Non-glioma 32 (24.6) 36 (14.0)
Craniopharyngioma 2(1.5) 2(0.8)
Ependymoma 3(2.3) 5(1.9)
Hemangioblastoma 7 (5.4) 4(1.6)
Hemangioma 1(0.8) 8(3.1)
Meningioma 3(2.3) 1(0.4)
Schwannoma 7 (5.4) 5(1.9)
Subependymoma 4 (3.1) 4(1.6)
Miscellaneous® 5(3.8) 7(2.7)

Tumor location

Frontal 36 (27.7) 83 (32.3)

Parietal 21(16.2) 36 (14.0)

Occipital 7 (5.4) 10 (3.9)

Temporal 25(19.2) 61 (23.7)

Multiple lobes© 4 (3.1) 21(8.2)

Cerebellum 7 (5.4) 15 (5.8)

Brainstem (pons, medulla, or midbrain) 5(3.8) 2(0.8)

Cerebellopontine angle 7 (5.4) 4(1.6)

Corpus callosum 4(3.1) 4 (1.6)

Ventricle (third, fourth, or lateral) 9(6.9) 8(3.1)

Miscellaneous® 5(3.8) 13 (5.1)

Comorbidities

Hypertension 103 (79.2) 80(31.1)

Chronic Kidney Disease 12 (9.2) 6(2.3)

Prior ICH 0(0.0) 8(3.1)

Atrial fibrillation or flutter 5(3.8) 12 (4.7)

Venous thromboembolism 0(0.0) 9(3.5)

Coronary artery disease 23 (17.7) 14 (5.4)

Hyperlipidemia 65 (50.0) 76 (29.6)

Peripheral vascular disease 1(0.8) 4(1.6)




Stroke or transient ischemic attack 6 (4.6) 12 (4.7)
Treatment of brain tumor
Systemic therapy 75 (57.7) 144 (56.0)
Stereotactic radiation therapy 22 (16.9) 43 (16.7)
Involved-field radiation therapy 81 (62.3) 149 (58.0)
Neurosurgery 115 (88.5) 233 (90.7)
Anticoagulant exposure 21 (16.2) 39 (15.2)
Heparin 1(0.8) 1(0.4)
Enoxaparin 7 (5.4) 22 (8.6)
Apixaban 1(0.8) 4(1.6)
Rivaroxaban 1(0.8) 0(0.0)
Warfarin 4(3.1) 4(1.6)
Multiple 7 (5.4) 8(3.1)
Median number of imaging studies (median, 7 (2-27) 7 (2-24)
range)

Data presented as n (%).

aMiscellaneous glioma includes dysembryoplastic neuroepithelial tumor, ganglioma, giant cell
astrocytoma, glioma NOS (non-biopsied suspected glioma), gliomatosis cerebri, gliosarcoma,
pilocytic astrocytoma

bMiscellaneous non-glioma includes choroid plexus papilloma, craniopharyngioma, cystic
teratoma, germ cell tumor, granular cell tumor, hemangiopericytoma, lymphoma,
medulloblastoma, neurofibroma, pinealoma

‘Multiple lobes includes patients with more than one of frontal, occipital, parietal, or temporal
listed

dMiscellaneous location includes basal ganglia, optic chiasm, suprasellar, thalamus



Table 2: Characteristics of ICH Events

Total Antiplatelet Control
(n =55) (n=18) (n=37)
ICH Category (%)
Major 14 (25.5) 5(27.8) 9 (24.3)
Measurable 19 (34.5) 5(27.8) 14 (37.8)
Trace 17 (30.9) 8 (44.4) 9 (24.3)
Location of bleed
Intraparenchymal 36 (65.5) 11 (61.1) 25 (67.6)
Subdural 12 (21.8) 4(22.2) 8(21.6)
Intraventricular 6 (10.9) 3(16.7) 3(8.1)
Subarachnoid 1(1.8) 0(0.0) 1(2.7)
Presence of symptoms 13 (23.6) 5(27.8) 8(21.6)
ICH volume, mean +/- SD 10 +/- 20.5 12.5 +/- 23.7 8.9 +/-19.4
Anticoagulation exposure 32 (58.2) 13 (72.2) 19 (51.4)




Table 3: Univariable analysis for factors predictive of measurable or major ICH.

Hazard ratio (95% Cl) P-value

Age at diagnosis

35-64 vs. 18-34 1.99 (0.26 — 15.52) 0.51

>65vs. 18-34 1.12 (0.14 - 8.99) 0.91
Hypertension 1.16 (0.59 —2.30) 0.67
Surgery 3.10(0.42 - 23.01) 0.27
Tumor location (supratentorial vs. infratentorial) 1.17 (0.40-3.37) 0.78
Anticoagulation
All ICH

Antiplatelet and Anticoagulation vs. Neither 2.80(1.19 - 6.60) 0.02

Antiplatelet only vs. Neither 0.79 (0.39-1.60) 0.51

Anticoagulation only vs. Neither 2.63(1.35-5.11) 0.004
Major ICH

Antiplatelet and Anticoagulation vs. Neither 2.14 (0.24 - 19.41) 0.50
Antiplatelet only vs. Neither 1.85(0.46 —7.47) 0.39
Anticoagulation only vs. Neither 6.43 (1.74 - 23.71) 0.005




Incidence of ICH

0.5

04

03

0.2

0.1

0.0

-

o 3 6 ] 12
Time (months)

Incidence of major ICH

05

0.4

0.3

0.2

0.0

6
Time (months)



Count

20

15

10

20

15

10

=]

20

30

40 50 80

Volume (cm3)

70

80

a0

100



Incidence of ICH

0.5

0.4

0.3

0.2

01

0.0

==]

Incidence of major ICH

0.5

0.4

0.3

[

0.1

0.0

[3
Time (months)

Time (months)



Qverall Survival

0.754

0.001

No

Yes

0 12 24 36 48 60
Time (months)
Number at risk
257 125 71 48 34 23
130 74 47 35 24 19
0 12 24 36 48 60

Time (months)



