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thromboembolism after primary malignant
or non-malignant brain tumour diagnosis:

a population matched cohort study in Wales
(United Kingdom)

Michael T. C. Poon'?"®, Paul M. Brennan®?, Kai Jin*, Cathie L. M. Sudlow'?* and Jonine D. Figueroa'~

Abstract

Background Elevated standardised mortality ratio of cardiovascular diseases (CVD) in patients with brain tumours
may result from differences in the CVD incidences and cardiovascular risk factors. We compared the risk of CVD
among patients with a primary malignant or non-malignant brain tumour to a matched general population cohort,
accounting for other co-morbidities.

Methods Using data from the Secured Anonymised Information Linkage (SAIL) Databank in Wales (United Kingdom),
we identified all adults aged > 18 years in the primary care database with first diagnosis of malignant or non-malig-
nant brain tumour identified in the cancer registry in 2000-2014 and a matched cohort (case-to-control ratio 1:5)

by age, sex and primary care provider from the general population without any cancer diagnosis. Outcomes included
fatal and non-fatal major vascular events (stroke, ischaemic heart disease, aortic and peripheral vascular diseases)

and venous thromboembolism (VTE). We used multivariable Cox models adjusted for clinical risk factors to compare
risks, stratified by tumour behaviour (malignant or non-malignant) and follow-up period.

Results There were 2869 and 3931 people diagnosed with malignant or non-malignant brain tumours, respectively,
between 2000 and 2014 in Wales. They were matched to 33,785 controls. Within the first year of tumour diagno-

sis, malignant tumour was associated with a higher risk of VTE (hazard ratio [HR] 21.58, 95% confidence interval
16.12-28.88) and stroke (HR 3.32, 2.44-4.53). After the first year, the risks of VTE (HR 2.20, 1.52-3.18) and stroke (HR
1.45,1.00-2.10) remained higher than controls. Patients with non-malignant tumours had higher risks of VTE (HR 3.72,
2.73-5.06), stroke (HR 4.06, 3.35-4.93) and aortic and peripheral arterial disease (HR 2.09, 1.26—3.48) within the first
year of diagnosis compared with their controls.

Conclusions The elevated CVD and VTE risks suggested risk reduction may be a strategy to improve life quality
and survival in people with a brain tumour.
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Background

Cardiovascular diseases (CVD), including coronary
artery disease, stroke, aortic and peripheral arterial dis-
eases and venous thromboembolism (VTE), are asso-
ciated with malignant tumour diagnoses and their
treatment [1-5]. There is emerging evidence of increased
CVD risk in patients with malignant or non-malignant
brain tumours. Studies on population-based cancer reg-
istry data showed a higher standardised mortality ratio
of CVDs in people with brain tumour [6, 7]. Survivors of
malignant brain tumour at 1 year are at the highest risk of
stroke compared to people without diagnosed cancer [8].
Strategies to reduce CVD risks in brain tumour patients
may therefore provide an opportunity to improve life and
survival after tumour diagnosis. However, a better under-
standing of CVD risks is needed before prospectively
assessing the efficacy of primary and secondary CVD
prevention in people with brain tumour.

Brain tumours are a heterogeneous group of tumours
comprising over 130 different types [9]. Survival is dif-
ferent by tumour subtype. For example, 5-year survival
is 4% for glioblastoma [10] and 88% for benign meningi-
omas [11]. Each brain tumour subtype also has specific
management strategies and, likewise, CVD risks may
vary between brain tumour subtypes. Recent population-
based studies using cancer registry data in the United
Kingdom (UK) and the United States have reported
elevated standardised mortality ratio of CVD for people
with brain tumours [6, 7]. However, these findings related
only to fatal cardiovascular events and did not account
for baseline cardiovascular risk profiles. Short-term
incidences of fatal and non-fatal CVDs within 1 year of
tumour diagnosis, in contrast to medium- and long-
term risks [8], have not been reported. Patients usually
undergo treatment within months of diagnosis, so quan-
tifying CVD risks from time of tumour diagnosis may
provide a more comprehensive understanding about the
effect of therapies on CVDs.

This study assessed the association between brain
tumour diagnosis and CVD by tumour subtypes and
estimated the incidences of CVD from tumour diagnosis
compared to matched controls leveraging population-
based routine healthcare data collected in Wales, UK.

Methods

Patient and public involvement (PPI)

No formal PPI was undertaken for this study. However,
the James Lind Alliance priority setting partnership on
brain and spinal cord tumour identified long-term physi-
cal and cognitive effects of surgery and radiotherapy as
one of the top 10 priorities. This study estimated the car-
diovascular risks and VTE after brain tumour diagnosis
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compared to people without any cancer diagnosis. We
also present these risks among brain tumour patients
stratified by surgery status.

Study design and setting

This is a retrospective matched cohort study based in
Wales (UK) using data from the Secure Anonymised
Information Linkage (SAIL) Databank. Wales has a
population of 3.1 million. The SAIL Databank contains
whole-population anonymised individual-level routine
healthcare data linkable to disease registries and national
statistics registers via pseudonymised unique identifiers.
SAIL datasets used in this study included primary care,
hospital care, cancer registry and administrative datasets.
All datasets have national coverage except the primary
care dataset, which covers approximately 75% of the
Welsh population.

Selection and matching of patients

We used the cancer registry in SAIL Databank to iden-
tify adult patients aged>18 years with an incident pri-
mary intracranial tumour. Patients were eligible if their
tumour was diagnosed between 2000 and 2014, and
they had primary care data available from at least 1 year
before index brain tumour diagnosis. Each patient must
have had at least one matched control available, where
the date of brain tumour diagnosis was not the date of
death. Matched controls were people without a diag-
nosis of any cancer who had an active registration at a
general practitioner practice during 2000 and 2014. We
used the cancer registry to confirm no cancer diagnosis
in the control population. Controls needed to have pri-
mary care data available at least 1 year before study entry,
which was the time of tumour diagnosis of the matched
patient with a brain tumour. Matching variables included
date of birth within 5 years, sex and GP practice at a ratio
of one brain tumour patient to up to five controls without
replacement.

Outcomes and variables

Code lists for all outcome and data variables are avail-
able on Open Science Framework (https://doi.org/10.
17605/OSEIO/3FEMY5). The primary outcome of interest
was fatal and non-fatal major vascular events and VTE
(deep vein thrombosis and pulmonary embolism). Major
vascular events included haemorrhagic stroke (intrac-
erebral haemorrhage and subarachnoid haemorrhage),
ischaemic stroke, unspecified stroke, ischaemic heart dis-
ease (angina and myocardial infarction) and aortic and
peripheral vascular disease. Events were defined as fatal
if they were the direct cause of death on the death cer-
tificate or death occurred within 30 days of the outcome.
We collected time-to-event data from date of study entry
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to date of event for all outcome variables. Patients may
have more than one outcome event.

Data items included the following: demographics (age
at study entry, sex, Welsh Index of Multiple Deprivation
[WIMD] quintile, year of study entry), medical history
(previous stroke, VTE, ischaemic heart disease (IHD),
hypertension, hyperlipidaemia, diabetes mellitus) and
medications (antihypertensives, antiplatelet, antico-
agulants, lipid-lowering drugs). For people with brain
tumours, we also collected tumour behaviour (malig-
nant or non-malignant), tumour types (glioblastoma
and World Health Organisation [WHO] grade 1 non-
malignant meningioma) and surgery status. WIMD is a
postcode-based measure of relative deprivation in Wales
published by the Welsh Government. Lower WIMD rep-
resents higher deprivation. Participants were recorded as
being on a medication if there were at least 6 prescrip-
tions of that class of medication before the date of study
entry. For medical history of hyperlipidaemia, we com-
bined those with coding of hyperlipidaemia with those
on lipid lowering drugs. Diabetes status used both coding
of diabetes and antidiabetic drugs. Tumour behavioural
code in the International Classification of Diseases for
Oncology Third Edition (ICD-O-3) determined malig-
nancy where /3 denoted malignant tumours and /0-1
denoted non-malignant tumours. The binary surgery
status was determined by data from cancer registry, pro-
cedural codes and histological diagnosis as surgery is the
only means for histological diagnosis. The end of follow-
up is defined as date of death, date of deregistration from
primary care or end of study period (31 December 2018)
for those alive and registered with primary care.

Data sources and measurement

Data sources used in this study included primary care
general practitioner dataset, Welsh demographic ser-
vice, Patient Episode Database for Wales, Welsh Cancer
Intelligence and Surveillance Unit (cancer registry) and
Annual District Death Extract. We used Clinical Terms
Version 2 READ codes to extract information from pri-
mary care data. Diagnoses using the International Clas-
sification of Diseases version 10 (ICD-10) codes and
procedures using the Office of Population Censuses and
Surveys Classification of Surgical Operations (OPCS-
4) codes were used to define variables and outcomes in
hospital data. Where available, we used code lists from
related publications to define our variables (https://doi.
org/10.17605/OSEIO/3FEMY5). All outcomes and vari-
ables were captured using both primary care and hos-
pital data. There was no formal sample size calculation,
but the study design allowed detection of a hazard ratio
of 1.20 with 80% power and 5% type 1 error in subgroup
analyses. We planned to use all data available.
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Statistical methods

In all analyses, follow-up started from study entry to the
earliest occurrence of death, date of deregistration from
primary care, end of study period or first occurrence of
outcome of interest. We consider malignant and non-
malignant tumours separately because of their different
prognosis. Additionally, our analysis period was split
into two: within 1 year of study entry and 1 year after
study entry. This was because the rates of CVD events in
patients with brain tumour were higher in the first year
after brain tumour diagnosis. Therefore, our analyses
were stratified by tumour behaviour and time periods.

We calculated crude incidences of each outcome for
patients with brain tumours and their matched controls
separately and generated the corresponding 95% confi-
dence intervals (CI) using the Collett exact method. Cox
regression was our primary statistical model to assess the
association between brain tumour diagnosis and different
CVDs. We initially fitted models including brain tumour
diagnosis and the matching variables to account for the
study design [12] and then adjusted for risk factors listed
in Table 1. To compare incidence trends of CVD in brain
tumour patients with their controls by age, we fitted flex-
ible parametric survival models with four degrees of free-
dom using the same covariates in the fully adjusted Cox
model and then generated predicted incidences at ages
50, 65 and 75 years.

We performed the same Cox models in subgroups
of matched cohorts with glioblastoma and non-malig-
nant meningioma for assessing whether incidence
trends were reproducible in more homogeneous
tumour groups. We did not examine effect modification
because of anticipated low power in our dataset with
relative few outcome events. Our primary multivari-
able analysis did not include body mass index (BMI)
or smoking status because of relatively elevated levels
of missingness (Additional File 1: Figure S1). The lev-
els of missing for cases and controls were 20% and 13%
in smoking status and 9% and 3% in BMI; these were
higher (~40%) at the beginning of the study period. We
therefore performed sensitivity analyses of multivari-
able Cox models that included BMI and smoking status
to assess confounding effects of these variables. Sepa-
rately, we repeated our models considering a stroke
diagnosis occurring after 14 days of tumour diagnosis
as valid. This was because brain tumour presentation
can mimic stroke and hospital coding may not distin-
guish between them. We also performed adjusted com-
peting risk analyses as sensitivity analyses to assess
subhazard ratios and cumulative incidences in the
presence of competing risk from death. We used com-
plete case analysis throughout. In each time-to-event
analysis, failure time was from study entry to the first
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Table 1 Characteristics of 6800 brain tumour patients and their 33,785 age, sex and GP practice-matched controls by tumour

behaviour

All primary brain tumours

Malignant brain tumours

Non-malignant brain tumours

Overall Cases Controls Overall Cases Controls Overall Cases Controls
N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%)
Number of participants 40,585 6800 33,785 17,140 2869 14,271 23,445 3931 19514
Age (median; IQR) 63 (49,75) 63 (49, 74) 63.0 (49,75) 64 (52,74) 64 (52,74) 64 (52, 74) 62 (40, 76) 62 (47,75) 62 (47,76)
Age-group
18-50 years 10,366 (25.5)  1751(25.8) 8615 (25.5) 3631(21.2)  610(21.3) 3021 (21.2)  6735(28.7) 1141 (29.0) 5594 (28.7)
50-54 years 3078 (7.6) 525(7.7) 2553 (7.6) 1295 (7.6) 226 (7.9 1069 (7.5) 1783 (7.6) 299 (7.6) 1484 (7.6)
55-59 years 3716 (9.2) 653 (9.6) 3063 (9.1) 1661 (9.7) 286 (10.0) 1375(9.6) 2055 (8.8) 367 (9.3) 1688 (8.7)
60-64 years 4188(10.3) 693 (10.2) 3495 (10.3) 2022 (11.8)  336(11.7) 1686 (11.8) 2166 (9.2) 357.9.1) 1809 (9.3)
65-69 years 4543 (11.2) 801(11.8) 3742 (11.7) 2297 (134) 41901 46) 1878 (13.2) 2246 (9.6) 382(9.7) 1864 (9.6)
70-74 years 4118 (10.1) 684 (10.1) 3434(10.2) 2063 (1200  333(11. 1730(12.1) 2055 (8.8) 351(8.9) 1704 (8.7)
75-79 years 4051 (10.0) 643 (9.5) 3408 (10.1) 1868 (10.9) 293 (10. ) 1575(11.0) 2183(9.3) 350 (8.9) 1833 (9.4)
80-84 years 3474 (8.6) 568 (84) 2906 (8.6) 1425 (8.3) 238(8.3) 187 (83) 2049 (8.7) 330 (84) 1719 (8.8)
85 +years 3051 (7.5) 482 (7.1) 2569 (7.6) 878 (5.1) 28 (4.5) 750 (5.3) 2173 (9.3) 354(9.0) 1819 (9.3)
Sex
Male 18,847 (464)  3159(465) 15688 (464) 9854 (57.5) 1650(575) 8204 (57.5) 8993 (384) 1509 (384) 7484 (384)
Female 21,738(536)  3641(53.5) 18097 (536)  7286(425)  1219(425) 6067 (425  14452(616) 2422(61.6) 12,030(61.6)
Year of study entry
2000-2004 10,318 (25.4) 1730 (25.4) 8588 (25.4) 4942 (288)  828(28.9) 4114 (28.8) 5376 (22.9) 902 (22.9) 4474 (22.9)
2005-2009 13,619 (336) 2280(335)  11,339(336) 5633(329) 942(328) 4691 (329) 7986 (34.1) 1338(34.0) 6648 (34.1)
2010-2014 16,648 (41.0) 2790 (41.00 13,858 (41.0) 6565(38.3) 1099 (383) 5466(38.3) 10,083 (43.00 1691(43.0) 8392 (43.0)
WIMD
| (most deprived) 8293 (20.7) 1318 (19.6) 6975 (20.9) 3413(20.1) 528(18.6) 2885(20.5) 4880 (21.0) 790 (20.3) 4090 (21.2)
Il 8062 (20.1) 1313 (195 6749 (20.2) 3339(19.7)  529(186) 0(19.9)  4723(204) 784 (20.1) 3939 (20.4)
Il 8290 (20.7) 1395(20.7) 6895 (20.6) 3543(209) 586 (20.6) 2957 (21.0) 4747 (20.5) 809 (20.7) 3938 (20.4)
[\ 7500 (18.7) 1302 (19.3) 6198 (18.6) 3200(18.9) 572(20.2) 2628 (18.6) 4300 (18.5) 730(18.7) 3570(18.5)
V (least deprived) 8000 (19.9) 0(20.9) 6590 (19.7) 3446 (20.3) 623 (22.0) 2823(20.0) 4554 (19.6) 787 (20.2) 3767 (19.5)
Unknown 440 62 378 199 31 168 241 31 210
Past medical history
Hypertension 12,710 (31.3) 2185 (32.1) 10,525 (31.2) 5423 (31.6) 876(30.5) 4547 (31.9) 7287 (31.1) 1309 (333) 5978 (30.6)
Diabetes mellitus 4454 (11.0) 676 (9.9) 3778(11.2) 1973 (11.5) 254 (89) 1719(12.0) 2481 (10.6) 422 (10.7) 2059 (10.6)
Hyperlipidaemia 10,759 (26.5) 1772 (26.1) 8987 (26.6) 4683 (27.3) 717 (25.0) 3966 (27.8) 6076 (25.9) 1055 (26.8) 5021 (25.7)
Heavy alcohol use 1123 (2.8) 123(1.8) 1000 (3.0) 519 (3.0 64 (2.2) 455(3.2) 604 (2.6) 59(1.5) 545 (2.8)
Major vascular events 5914 (14.6) 966 (14.2) 4948 (14.6) 2695 (15.7) 444 (15.5) 2251(15.8)  3219(137) 522(133) 2697 (13.8)
Venous thromboembolism 964 (2.4) 174 (2.6) 790 (2.3) 385(22) 64 (2.2) 321 (22) 579 (2.5) 110 (2.8) 469 (2.4)
Medication
Antihypertensive drug(s) 13,524 (33.3) 2251 (33.1) 11,273 (334) 5845 (34.1) 931 (32.5) 4914 (34.4) 7679 (32.8) 1320(33.6) 6359(326)
Antiplatelet drug(s) 8230(20.3) 1249 (184) 6981 (20.7) 3544(20.7)  483(16.8) 3061 (214) 4686 (20.0) 766 (19.5) 3920 (20.1)
Anticoagulant drug(s) 1903 (4.7) 260 (3.8) 1643 (4.9) 831 (4.8) 94 (3.3) 737 (5.2) 1072 (4.6) 166 (4.2) 906 (4.6)

Major vascular events included ischaemic heat disease, stroke, and aortic and peripheral arterial diseases. Venous thromboembolism included deep vein thrombosis

and pulmonary embolism

GP general practitioner, IQR interquartile range, WIMD Welsh Index of Multiple Deprivation

occurrence of the specific outcome event. We pre-
sented the proportion of patients with major vascular
events and VTE after tumour diagnosis stratified by
tumour subgroups and antiplatelet status. No statistical
analyses were applied to the outcome data stratified by
tumour subgroups and antiplatelet status because this
was exploratory and likely to be underpowered. Statis-
tical analyses were performed in R version 4.1.1 using

’

packages ‘epiR’ (v2.0.19), ‘survival’ (v3.2-13), ‘rstpm2
(v1.5.1) and ‘cmprsk’ (v2.2—10).

Ethics and reporting

This project has received approval from the Information
Governance Review Panel in SAIL Databank (project
number: 0918). We used the STROBE checklist when
writing our report.
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Results

Participant characteristics

This study included 6800 patients with primary brain
tumour diagnosed in Wales 2000-2014 and their
33,785 age-, sex- and GP practice-matched controls.
Cohort selection is presented in Fig. 1. The total fol-
low-up time for brain tumour patients and their con-
trols were 32,453.9 person-year (median 3.5 years;
interquartile range [IQR] 3.5-10.1) and 247,142.1
person-year (median 6.6 years; IQR 3.9-10.3), respec-
tively. There were 2869 patients with malignant
tumour, of which 1340 (46.1%) were glioblastoma.
Among 3931 patients with non-malignant tumour,
1498 (38.1%) had non-malignant meningioma. Charac-
teristics of the study cohort are presented in Table 1.
Characteristics of matched cohorts for glioblastoma
and meningioma are presented in Additional File 1:
Table S1. Primary treatment data is available in Addi-
tional File 1 Table S2.

Malignant tumours

Among 2869 patients with malignant tumours, 252
(8.8%) patients had at least one cardiovascular event
within 1 year of diagnosis. There were 89 patients with
a major vascular event and 170 patients with VTE
(Fig. 2). The crude incidence rates per 1000 person-year

Brain tumour cohort
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in patients with malignant brain tumour and their con-
trols in the first year were 54.1 (95% CI 43.4—66.6) and
48.1 (95% CI 44.5-52.0) for major vascular outcomes
and 106.7 (95% CI 91.3-124.0) and 4.9 (95% CI 3.8-6.2)
for VTE, respectively. In the fully adjusted Cox models,
malignant brain tumour was associated with VTE (haz-
ard ratio [HR] 21.58, 95% CI 16.12-28.88, p<0.001),
haemorrhagic stroke (HR 6.63, 95% CI 3.75-11.70,
p<0.001), and ischaemic stroke (HR 1.88, 95% 95% CI
1.06-3.36, p=0.032) but not IHD (HR 0.67, 95% CI 0.45—
1.00, p=0.051) or aortic and peripheral vascular disease
(HR 1.17, 95% CI 0.56-2.47, p=0.674). In multivariable
analyses of patients surviving 1 year compared to con-
trols, malignant brain tumour diagnosis was associated
with VTE (HR 2.20, 95% CI 1.52-3.18, p<0.001) and
all stroke types combined (HR 1.45, 95% CI 1.00-2.10,
p=0.047) (Fig. 2). One-year survivors had lower risk
of THD compared with their controls (HR 0.58, 95% CI
0.37-0.89, p=0.013).

Non-malignant tumours

In 3931 patients with non-malignant tumours, 329
(8.4%) patients had at least one cardiovascular event
within 1 year of diagnosis. There were 265 patients with
a major vascular event and 96 patients with VTE (Fig. 2).
The incidence rates per 1000 person-year in patients

Matched controls

Records with brain tumour ICD-10
codes in 2000-2014

(N=9,457)
Duplicate records
v (N=177)
Distinct records with brain tumour
ICD-10 codes in 2000-2014
(N=9,280)
Not linkable to primary
> care dataset
v (N=1,638)
Linkable to primary care dataset
(N=7,642)
Excluded
> (N=828)
o Age <18 years (N=370)
A « Without one year
Eligible for study inclusion . g;zb:lei‘“:i‘sil‘?
(N=6,814) Neto)
No matched control
available
v (N:14)
Final brain tumour cohort
(N=6,800)

Records excluding those with
brain tumour diagnosis in primary
care database
(N=3,834,196)

Cancer diagnosis
(N=39,527)

k.
Records without cancer diagnosis
(N=3,794,669)

Not matching any case
v (N=2,316,726)

Matching at least one case
(N=1,477,943)

A
Final matched controls
(N=33,785)

1st control: 6,800
2 control: 6,773
3rd control: 6,754
4t control: 6,741
5t control: 6,717

Fig. 1 Cohort selection for this matched cohort study of people in the SAIL Databank in Wales (UK) 2000-2014. This study included 6800 of 6814
(99.8%) eligible patients diagnosed with a malignant or non-malignant tumour. Of the 1,477,932 eligible controls, 33,765 (2.3%) were included
as the matched controls. Controls have no cancer diagnosis and were matched for date of birth within 5 years, sex and GP practice
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Fatal or non-fatal Number of events Incidence rate / 1,000py Unadjusted HR Adjusted HR
outcomes (Case/Control) (Case/Control) (95% ClI) (95% Cl)
Malignant tumours (Within 1 year)
All cardiovascular outcomes 252/716 161/52 3.53 (3.04-4.09) 3.70 (3.18-4.30) L]
Major vascular outcomes 89/658 54/48 1.36 (1.08-1.70) 1.45(1.15-1.82) -
Venous thromboembolism 170/68 107/5 21.89 (16.41-29.20) 21.58 (16.12-28.88) -
All stroke 57/195 34/14 3.03 (2.24-4.11) 3.32 (2.44-4.53) -
Haemorrhagic stroke 22/35 13/3 5.95 (3.43-10.35) 6.63 (3.75-11.70) -
Ischaemic stroke 15/90 9/6 1.82(1.04-3.19) 1.88 (1.06-3.36) L)
Ischaemic heart disease 26/406 16/30 0.63 (0.42-0.94) 0.67 (0.45-1.00) L]
Aortic and peripheral arterial disease <10/75 -15 1.11(0.53-2.32) 1.17 (0.56-2.47) -
Malignant tumours (after 1 year)
Al cardiovascular outcomes 87/775 22/24 1.07 (0.86-1.34) 1.12 (0.90-1.41) [ ]
Major vascular outcomes 54/659 14/20 0.80 (0.61-1.06) 0.84 (0.64-1.12) -
Venous thromboembolism 36/149 9/4 2.18 (1.51-3.15) 2.20 (1.52-3.18) -
All stroke 33/241 8/7 1.37 (0.95-1.98) 1.45 (1.00-2.10) -
Haemorrhagic stroke 11/62 3/2 1.72 (0.90-3.27) 1.72 (0.90-3.30) -
Ischaemic stroke 14/134 3/4 1.07 (0.61-1.86) 1.16 (0.67-2.03) L)
Ischaemic heart disease 22/384 6/12 0.55 (0.36-0.84) 0.58 (0.37-0.89) L)
Aortic and peripheral arterial disease <10/111 -13 0.28 (0.09-0.87) 0.31(0.10-0.97) -
Non-malignant tumours (Within 1 year)
All cardiovascular outcomes 329/846 99/45 2.41(2.12-2.74) 2.46 (2.17-2.80) [ ]
Major vascular outcomes 265/755 79/40 2.18 (1.89-2.50) 2.26 (1.96-2.60) L]
Venous thromboembolism 69/102 20/5 3.86 (2.84-5.24) 3.72 (2.73-5.06) -
All stroke 172/267 51/14 3.96 (3.26-4.79) 4.06 (3.35-4.93) L]
Haemorrhagic stroke 29/41 8/2 4.08 (2.53-6.58) 4.18 (2.59-6.74) -
Ischaemic stroke 85/149 25/8 3.48 (2.66-4.54) 3.52 (2.69-4.61) -
Ischaemic heart disease 80/458 23/24 1.05 (0.83-1.33) 1.09 (0.86-1.39) L]
Aortic and peripheral arterial disease 20/58 6/3 2.09 (1.26-3.48) 2.18 (1.31-3.65) -
Non-malignant tumours (after 1 year)
All cardiovascular outcomes 472/2665 23/29 0.80 (0.73-0.88) 0.80 (0.72-0.88) L]
Major vascular outcomes 394/2321 19/25 0.77 (0.69-0.86) 0.77 (0.69-0.85) L]
Venous thromboembolism 96/463 4/5 0.94 (0.75-1.17) 0.92 (0.74-1.15) -
Al stroke 203/976 10/10 0.96 (0.82-1.11) 0.96 (0.82-1.12) ]
Haemorrhagic stroke 26/221 12 0.54 (0.36-0.80) 0.55 (0.37-0.83) L]
Ischaemic stroke 114/554 5/6 0.94 (0.76-1.14) 0.93 (0.76-1.14) L]
Ischaemic heart disease 184/1268 9/13 0.65 (0.56-0.76) 0.65 (0.56-0.76) L]
Aortic and peripheral arterial disease 42/302 2/3 0.62 (0.45-0.86) 0.60 (0.44-0.84) -

0.10 0.50 2.0 8.0 32.0
Hazard ratio

Fig. 2 Crude incidences and hazard ratios for cardiovascular events after tumour diagnosis in people with malignant or non-malignant brain
tumour diagnosis compared with their matched controls. Multivariable Cox regression adjusted for brain tumour diagnosis, Welsh index of multiple
deprivation, heavy alcohol use, hypercholesterolaemia, past major vascular events, past venous thromboembolism, antiplatelet use, anticoagulant

use, antihypertensive use, age and sex

with non-malignant tumour, and their controls in the
first year were 78.8 (95% CI 69.6—88.8) and 40.3 (95%
CI 37.5-43.3) for major vascular outcomes and 20.0
(95% CI 15.5-25.3) and 5.4 (95% CI 4.4-6.5) for VTE,
respectively. In the multivariable analysis, a non-malig-
nant tumour diagnosis was associated with VTE (HR
3.72, 95% CI 2.73-5.06, p<0.001), haemorrhagic stroke
(HR 4.18, 95% CI 2.59-6.74, p<0.001), ischaemic stroke
(HR 3.52, 95% CI 2.69-4.61, p<0.001) and aortic and
peripheral arterial disease (HR 2.09, 95% CI 1.26-3.48,
p=0.003). In those surviving 1 year after tumour diag-
nosis, non-malignant tumour compared to controls was
associated with a lower risk of haemorrhagic stroke (HR
0.55, 95% CI 0.37-0.83, p=0.004), ischaemic heart dis-
ease (HR 0.65, 95% CI 0.56-0.76, p<0.001) and aortic
and peripheral arterial disease (HR 0.60, 95% CI 0.44—
0.84, p=0.003) (Fig. 2).

Tumour subgroups

There were 1340 patients with glioblastoma (Additional
File 1: Table S1), and 137 (10.2%) of these patients had
at least one cardiovascular event within 1 year of diag-
nosis. Thirty-six (2.7%) patients had a major vascular
event, and 107 (8.0%) patients had VTE (Additional File
1: Figure S2). The incidence rates per 1000 person-year
in glioblastoma patients and their controls in the first
year were 50.7 (95% CI 35.5-70.3) and 52.6 (95% CI
47.1-58.6) for major vascular outcomes and 159.4 (95%
CI 130.6-192.6) and 4.7 (95% CI 3.2-6.8) for VTE,
respectively. In the adjusted Cox models, glioblastoma
diagnosis was associated with VTE (HR 31.78, 95% CI
20.99-48.13, p<0.001) and haemorrhagic stroke (HR
5.02, 95% CI 2.16-11.67, p<0.001) (Additional File 1:
Figure S2). We did not examine these associations in
patients surviving 1 year because of the small number
of outcomes observed. There were 291 patients with
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glioblastoma surviving 1 year without a cardiovas- of VTE showed a bimodal distribution with peaks at
cular event, of which 15 developed a CVD during the 1 month and 5 months in malignant tumours. People
remaining follow-up time. with non-malignant tumours had the highest incidence
Of the 1498 patients with meningioma (Additional of major vascular events early after tumour diagnosis.
File 1: Table S1), 184 (12.3%) had at least one cardio- Patients who underwent surgery for malignant brain
vascular event within 1 year of diagnosis. Major vas-  tumour had highest risks of VTE at 1 and 5 months after
cular event and VTE occurred in 162 (10.8%) and 36  diagnosis, but this was not observed in those not receiv-
(2.4%) patients, respectively. The incidence rates per ing surgery (Additional File 1: Figure S3). Incidence
1000 person-year in meningioma patients and their trends of outcome events in patients with malignant
controls were 123.6 (95% CI 104.7-145.0) and 52.0 tumour stratified by surgery status was similar to the
(95% CI 46.8-57.7) for major vascular events and 29.6  overall trends.
(95% CI 20.9-40.6) and 4.9 (95% CI 3.4-6.8), respec-
tively. In multivariable models, meningioma diagnosis  Sensitivity analyses
was associated with VTE (HR 5.90, 95% CI 3.71-9.38,  Analyses using multivariable Cox models, including
p<0.001), haemorrhagic stroke (HR 3.80, 95% CI2.01- BMI and smoking status, showed similar results to the
7.18, p<0.001) and ischaemic stroke (HR 4.37, 95% CI  main analyses (Additional File 1: Figure S4). Because
3.09-6.18, p<0.001). Patients with meningiomas alive a high proportion of stroke occurred shortly after
1 year after tumour diagnosis had lower risk of haem-  tumour diagnosis, we removed brain tumour patients
orrhagic stroke (HR 0.37, 95% CI 0.17-0.80, p=0.011), having a stroke within 14 days. In patients with malig-
ischaemic heart disease (HR 0.72, 95% CI 0.55-0.93, nant tumours surviving 14 days without a stroke, they
p=0.013), and aortic and peripheral arterial disease had higher risks of all stroke types combined (includ-
(HR 0.45, 95% CI 0.23-0.86, p =0.015) (Additional File  ing unspecified stroke) and haemorrhagic stroke (Addi-

1: Figure S2). tional File 1: Figure S5). In patients with non-malignant

tumours surviving 14 days without a stroke, they had
Incidence of cardiovascular events during first year higher risk of all stroke subtypes (Additional File 1: Fig-
of diagnosis ure S6). The direction of subhazard ratios in the com-

Using multivariable flexible parametric models, we esti-  peting risk analyses were consistent with cause-specific
mated the incidence of major vascular events and VTE  analyses presented in Figs. 2 and 3 (Additional File 1:
for tumour groups stratified by age (Fig. 3). The incidence ~ Table S3 and S4).

Malignant tumours Non-malignant tumours Glioblastoma Meningioma

Major vascular events Major vascular events Major vascular events Major vascular events

0

o

Incidence per 100 person-year

cidence per 100 person-year
Incidence per 100 person-year
Incidence per 1io person-year

In

3 6 9 3 6 9 3 6 9 3 6 9
Months since diagnosis Months since diagnosis Months since diagnosis Months since diagnosis

Venous thromboembolism Venous thromboembolism Venous thromboembolism Venous thromboembolism

0

o

Incidence per 100 person-year
Incidence per 100 person-year
Incidence per 100 person-year
Incidence per 100 person-year

0 6 9 12 0 3 6 9 12 0 3 6 9 12 0 3 6 12
Months since diagnosis Months since diagnosis Months since diagnosis Months since diagnosis
Expected incidence at age 50 years Expected incidence at age 65 years Expected incidence at age 75 years
Estimated incidence at age 50 years with tumour = = = Estimated incidence at age 65 years with tumour -« - - - Estimated incidence at age 75 years with tumour

Fig. 3 Incidences of major vascular and venous thromboembolic events within 1 year of study entry. We used flexible parametric survival models
with four degrees of freedom adjusted for brain tumour diagnosis, Welsh index of multiple deprivation, heavy alcohol use, hypercholesterolaemia,
past major vascular events, past venous thromboembolism, antiplatelet use, anticoagulant use, antihypertensive use, age and sex to estimate CVD
incidences. Predicted incidences at ages 50, 65 and 75 years were generated
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Use of antiplatelet and cardiovascular outcomes

The absolute numbers of patients suffered cardiovas-
cular outcomes within first year of diagnosis by tumour
type, surgery status and use of antiplatelet are presented
in Table 2. Some numbers are not presented due to data
suppression to minimise disclosure risk. Across patient
groups, the proportions of patients who had major vascu-
lar events were higher in those on an antiplatelet drug at
the time of diagnosis, except for patients with meningi-
oma who did not have surgery.

Discussion

Comparing 6800 people diagnosed brain tumour to
their matched controls from the general population, we
showed that both malignant and non-malignant brain
tumours were associated with a higher risk of major
vascular events and VTE within the first year of tumour
diagnosis. Stroke was the major vascular event with the
highest increased risks. These were consistent in patients
with glioblastoma or meningioma. The incidence of
major vascular events was highest within first 2 months
of tumour diagnosis. Incidence of VTE showed a bimodal
distribution with peaks at 1 month and 5 months.

Table 2 Number of patients with a record of a cardiovascular
event within the first year of tumour diagnosis

Number of patients (row %)

Patient group Total Major Venous
vascular thromboembolism
events

All malignant tumours 2869

Surgery +antiplatelet 381 19 (5.0) 14 (3.7)
Surgery +no antiplatelet 1990  41(2.1) 146 (7.3)
No surgery +antiplatelet 102 <107 <10?
No surgery+no antiplatelet 396 22(5.6) 10 (2.5)

All non-malignant tumours 3931

Surgery +antiplatelet 593 75(12.6) <10?
Surgery +no antiplatelet 2563 122(4.8) 49(1.9)
No surgery +antiplatelet 173 23(133) <10
No surgery+no antiplatelet 602 45 (7.5) 12(2.0)
Glioblastoma 1340
Surgery +antiplatelet 201 <107 10 (5.0)
Surgery +no antiplatelet 997 22(22) 91 (9.1)
No surgery +antiplatelet 29 <10% <10°
No surgery+no antiplatelet 113 <107 <10?
Meningioma 1498
Surgery +antiplatelet 321 43(134) <10°
Surgery +no antiplatelet 944 70(7.4) 28 (3.0)
No surgery +antiplatelet 77 13(16.9) <10?
No surgery +no antiplatelet 156 25(16.0) <10°

2 Absolute numbers are not presented due to data suppression to minimise
disclosure risk
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Our findings of increased stroke risks in brain tumour
patients are consistent with studies in England and the
US using population-based data [3, 6, 8]. It is plausi-
ble that in the context of a confined intracranial space,
a space-occupying lesion (tumour) increases intracra-
nial pressure and reduces cerebral blood flow. Surgery,
chemotherapy and radiotherapy can also affect cerebral
vasculature [13], together with the hypercoagulabil-
ity state caused by tumours [14, 15]. These effects could
in turn manifest as an ischaemic stroke. While our data
and that of others [3, 6, 8] could not provide evidence for
this mechanism, further investigation into the location of
cerebral ischaemia and clinical syndrome in addition to
baseline stroke risk profile would help to clarify this.

A population matched-cohort study in England reported
906 1-year survivors of malignant central nervous system
tumours had a higher hazard of stroke compared to their
matched controls (HR 4.42, 95% CI 2.54-7.72) [8]. This
study observed more CVD outcome events than our study,
which would increase their power of detecting the asso-
ciation. Their outcome definition (https://datacompass.
Ishtm.ac.uk/id/eprint/1113/) differed from ours because
they included subdural haematoma (ICD-10 code: 162.0,
READ codes: G621., G622., G623., 70,170) and extradural
haemorrhage (ICD-10 code: 162.1, READ codes: G620.,
70,320). Non-traumatic extradural haemorrhage is rare.
In the atraumatic setting, most subdural haematomas are
subacute or chronic, which do not have shared cardio-
vascular risk factors and clinical management with stroke
[16]. Including subdural haematoma would increase the
number of outcomes for classified as stroke because the
incidence per 100,000 person-year of chronic subdural
haematoma is relatively high at~48 [17] compared to the
incidence of stroke of ~200 for those aged >65 [18]. This
difference in outcome definition may explain the associa-
tion between brain tumour diagnosis and stroke in 1-year
survivors observed in the English study. Furthermore, our
study had relatively few outcome events and would be
underpowered to detect this association. Future popula-
tion-based studies with standardised coding of stroke and
adequately powered cohort can address this uncertainty.

Advances in treatment for certain cancer types have
improved the survival of many patients in high-income
countries [19]. Together with extended longevity, the
risk of heart diseases associated with the cancer state
and cancer treatment has fuelled the growth of cardio-
oncology [20]. Our previous study of brain tumours using
population mortality data in the United States and Wales
(UK) suggested higher mortality from heart diseases [7].
However, findings from our current study do not sug-
gest an elevated risk of fatal and non-fatal IHD (Fig. 2).
This different observation may result from the matched
design of this study. The propensity for patients with
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a brain tumour to survive a cardiac event may be lower
compared to matched controls because of chemotherapy,
radiotherapy and frailty. The data may also be affected by
survival bias, increasing the risks in those without a brain
tumour. Prospective studies with detailed clinical charac-
teristics and treatment data can investigate this associa-
tion further.

Risks of major vascular events and VTE can be reduced
with antithrombotic drugs. We only presented descrip-
tive statistics on CVD events by antiplatelet status
because of few patients (Table 2). Higher proportions
of patients on antiplatelets at the time of brain tumour
diagnosis had major vascular events, which was expected
as they are more likely to have a higher risk profile. But
whether antiplatelet drugs were discontinued after sur-
gery needs to be clarified in patients receiving surgery.
Detailed treatment and follow-up data would be needed
to consider whether antiplatelet drugs can reduce the
risks of major vascular events as primary prevention.
Whether other markers of risk could clarify the aetiol-
ogy of major vascular events for brain tumour patients
would be of interest in future research. For example,
imaging markers such as small vessel disease [21] and
cerebral microbleeds [22] may have additional prognostic
value for estimating future risk, which warrants further
investigation. The elevated VTE risk is complex because
cancer-associated hypercoagulable state, reduced mobil-
ity, surgery and chemotherapy can contribute to VTE. A
better understanding of these factors can inform strati-
fied care for those at higher risk since there is evidence
for using antithrombotic drugs to prevent VTE in cancer
patients, including brain tumour patients [23].

Strengths and limitations

Strengths of this analysis include the availability of medi-
cal comorbidities associated with CVD. We demon-
strated that risks observed for all non-malignant tumours
can be applied to meningiomas; the risk profiles of malig-
nant tumours and glioblastoma are different, suggesting
that tumour subtypes should be considered separately.
Our results add to the existing literature by describing
the risk of CVDs from the time of brain tumour diag-
nosis. We were unable to include body mass index and
smoking status in our primary analyses due to low-qual-
ity data availability. However, given similar effect esti-
mates when restricted to the subpopulation with these
data, it is unlikely to be a key confounder for the associa-
tions observed. This interpretation is supported by data
from the English matched-cohort study [8], which found
little confounding effect by these covariates [8]. We did
not report chemotherapy and radiotherapy for our cohort
because of insufficient quality. Treatment data routinely
collected into the cancer registry lacks specificity about
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agents, doses and cycles. Data linkage with detailed treat-
ment data may offer more clinically relevant analyses.
Post-operative VTE prophylaxis may differ in regimen,
timing and duration, which could affect our CVD esti-
mates for surgical patients. Analyses incorporating this
data could clarify the effect of VTE prophylaxis and the
risk of bleeding. Lastly, routine healthcare data can pro-
vide a large dataset but may be subjected to misclassifica-
tion and may lack relevant clinical details such as BMI,
alcohol history and physical activity.

Conclusions

Patients are at higher risks of CVDs after malignant or
non-malignant brain tumour diagnosis compared to
age-, sex- and GP practice-matched controls without
a cancer diagnosis. These risks are highest within the
first year of tumour diagnosis and risk profiles differ by
tumour subtypes. Future work needs to clarify the inter-
action between cancer treatment and CVD risks and to
assess the efficacy of existing therapies in minimising
CVD risks. Quantifying the benefits of cancer therapies
and their associated risks can improve clinical decision-
making for maximising the quality of life of brain tumour
patients.
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