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Abstract

Background. Patients with central nervous system (CNS) tumors may be at risk of dying from cardiovas-
cular disease (CVD). We examined CVD mortality risk in patients with different histological subtypes of CNS
tumors.

Methods: We analyzed UK(Wales)-based Secure Anonymized Information Linkage (SAIL) for 8743 CNS tumors
patients diagnosed in 2000-2015, and US-based National Cancer Institute’s Surveillance, Epidemiology, and End
Results (SEER) for 163,183 patients in 2005-2015. We calculated age-, sex-, and calendar-year-adjusted standard-
ized mortality ratios (SMRs) for CVD comparing CNS tumor patients to Wales and US residents. We used Cox re-
gression models to examine factors associated with CVD mortality among CNS tumor patients.

Results. CVD was the second leading cause of death for CNS tumor patients in SAIL (UK) and SEER (US). Patients
with CNS tumors had higher CVD mortality than the general population (SAIL SMR = 2.64, 95% Cl = 2.39-2.90, SEER
SMR = 1.38, 95% CIl = 1.35-1.42). Malignant CNS tumor patients had over 2-fold higher mortality risk in US and UK
cohorts. SMRs for nonmalignant tumors were almost 2-fold higher in SAIL than in SEER. CVD mortality risk par-
ticularly cerebrovascular disease was substantially greater in patients diagnosed at age younger than 50 years,
and within the first year after their cancer diagnosis (SAIL SMR = 2.98, 95% Cl = 2.39-3.66, SEER SMR = 2.14, 95%
Cl=2.03-2.25). Age, sex, race/ethnicity in USA, deprivation in UK and no surgery were associated with CVD mortality.
Conclusions. Patients with CNS tumors had higher risk for CVD mortality, particularly from cerebrovascular dis-
ease compared to the general population, supporting further research to improve mortality outcomes.

Key Points
e CVD mortality as the leading cause of noncancer death in brain tumor patients.

e Raised CVD mortality risk observed in young adults and within the first year after tumor
diagnosis.

e More work required to delineate factors associated with CVD death.

Central nervous system (CNS) tumors, both malignant and Therapy options and patient survival for glioblastoma, the
nonmalignant, are associated with significant morbidity and most common malignant CNS tumor, have changed little in
mortality." The incidence of CNS tumors is increasing globally.?  almost 20 years, with median survival less than 15 months.3-®
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Importance of the Study

Incidence rates are increasing for CNS tumors
and based on limited data, these patients may
be at risk for cardiovascular disease (CVD)
mortality. Our analysis of over 170,000 pa-
tients with CNS tumors in two large UK and US
population-based cohorts shows CVD mortality
is the greatest single noncancer cause of death
among malignant and nonmalignant CNS tu-
mors, and contributes to significantly worse
CNS cancer survival. CVD mortality risk, par-
ticularly from cerebrovascular disease, were
elevated among patients diagnosed under the

Meningiomas, the most common nonmalignant CNS tu-
mors, is accounting for 33-50% newly diagnosed intra-
cranial tumors, with 5-year survival of 85%.%67 There are
substantial disabling effects associated with CNS tumors
even if nonmalignant, with a significant burden of disease
for patients and their families, healthcare systems and soci-
eties worldwide.”

An in-depth understanding of cause of death in CNS
tumor patients may generate opportunities for preven-
tion and minimization of avoidable morbidity and mor-
tality. In a study of 906 CNS tumor patients that survived
1 year post diagnosis, and over 4365 matched controls
from the UK Clinical Practice Research Datalink (CPRD),
CNS tumor patients had a higher frequency of previ-
ously diagnosed CVD (21.4% vs 16.3%) and hypertension
(17.2% vs 13.4%); lower frequency of CVD risk factors
of current smoking (1.5% vs 5.3%) or heavy drinking
(19.5% vs 23.8%), but no difference in diabetes, obesity
or chronic kidney disease.® In addition, compared with
other cancer types, CNS tumor patients had markedly el-
evated mortality from cerebrovascular disease indicating
possible different biological mechanisms related to the
brain structure and functions.’ Cumulatively, data sug-
gest CVD may be an important cause of mortality among
CNS tumor patients.

Primary CNS tumors are heterogenous with dif-
ferent clinical presentations, treatments, and outcomes.’
Previous studies of CVD risk or mortality reported ag-
gregated data for malignant CNS tumors without distin-
guishing histological subtypes,’®" which may mask the
tumor heterogeneity and discount their different effects on
CVD mortality. Some studies only examined CVD mortality
risk limited to childhood and younger age onset (<40 years)
patients.12'13'18'19

Our study aimed to provide comprehensive quantita-
tive estimates on risk of CVD mortality in primary CNS tu-
mors using population-based data from the UK and US.
We aimed to determine whether CVD mortality is raised
among patients with primary CNS tumors and in different
subtypes compared to the general population, and to as-
sess the factors associated with increased CVD mortality
among CNS tumor patients.

age of 50 years and within the first year after
CNS tumor diagnosis. Future work needs to
delineate factors including whether treatment
and/or localized or systemic effects of tumors
are associated with CVD death among CNS
tumor patients. Our analysis demonstrated the
most comprehensive quantitative estimates of
CVD mortality burden among malignant and
nonmalignant CNS tumors, which provides im-
portant implications in clinical practice and can
shed a light for future study.

Methods
Overall Design

We conducted a retrospective, observational cohort
study according to the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) guide-
lines.?® First, we estimated the relative risk of CVD death
for patients with CNS tumors compared to the general
population, using data from UK (Wales)-based Secure
Anonymized Information Linkage (SAIL) Databank?* and
from US-based National Cancer Institute’s Surveillance,
Epidemiology, and End Results (SEER) programme.
Second, we examined the factors associated with CVD
mortality in CNS tumor patients using the SAIL and SEER
datasets (see Supplementary Methods).

Data Sources

Both SAIL and SEER have been previously described.?®
Summary characteristics of the SAIL and SEER data-
base are described in Supplementary Table 1. Briefly, the
SAIL Databank is a data platform holding de-identified and
linkable datasets, including the Welsh Cancer Intelligence and
Surveillance Unit (WCISU) data, for the population of Wales
(approximately three million people), United Kingdom (UK).
SEER is a registry of population-based incident tumor regis-
tries from geographically distinct regions in the USA, cov-
ering 28% of the US population, including incidence, survival,
and surgical treatment data.?® SEER covers diverse popula-
tion in USA with a greater proportion of cases of primary CNS
tumors in non-White persons, while in SAIL 95% of the pop-
ulation was white. Due to the different socio-demographic
compositions and healthcare system in the two cohorts, we
reported results separately for SAIL UK and SEER US.

Study Population

We identified adult patients (aged >18 years) with CNS tu-
mors in 2000-2015 from SAIL and SEER in 2005-2015. We
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classified CNS tumors using the following International
Classification of Diseases 10th revision (ICD-10) codes:
C70-72, C75.1-75.3, D18.0, D32-D33, D35.2-D35.4,
D42-D43, D44.3-D44.5.2 We also used the International
Classification of Diseases for Oncology third edition
(ICD-0-3) codes to group tumors into malignancy type
(malignant or nonmalignant type) and three major histo-
logic subgroups (meningiomas, gliomas, and all others),
following the definitions from the Central Brain Tumour
Registry of the United States (CBTRUS) (Supplementary
Appendix 1).2

Outcome Variables

We ascertained deaths by linking to mortality data and cat-
egorized causes of death using ICD-9 and ICD-10 codes
for the main underlying cause: CNS tumors, cardiovas-
cular disease (CVD) and other causes (Supplementary
Appendices 2 and 3).The primary outcome of interest was
death from CVD, including diseases of the heart, cerebro-
vascular disease, atherosclerosis, and aortic aneurysm or
dissection.®

Statistical Analysis

Descriptive analyses of baseline characteristics by main
causes of death in CNS tumors and subgroups were per-
formed using the Pearson y? test for categorical variables
(summarized as frequencies/percentages). Continuous
variables were compared across subgroups using anal-
ysis of variance for normal distribution data presented
as mean, 95% confidence interval (Cl), or Kruskal-Wallis
(summarized as medians and interquartile range) for
nonnormal distribution.

We compared CVD mortality among patients with CNS
tumors to the general population using standardized mor-
tality ratios (SMRs) to calculated as the ratio of the ob-
served to expected numbers of deaths. We calculated these
for the time period 2000-2015 for SAIL and 2005-2015 for
SEER, accounting for the fact that nonmalignant CNS tu-
mors were only registered in SEER from 2004 onwards.?®
We adjusted SMRs by age, sex, and calendar year to the
Welsh and US general populations respectively during the
study period. For both datasets, we categorized age groups
as 18-49 years (due to low frequency of cases in younger
people) and into 10-year age groups for ages >50 years. We
estimated SMRs for all CVD deaths and for two major CVD
subgroups (deaths due to heart disease and those due to
cerebrovascular disease) as a function of calendar year,
age at cancer diagnosis, and follow-up time after cancer di-
agnosis, respectively.

To determine factors associated with elevated CVD
mortality in CNS tumor patients, we used cause-specific
multivariable adjusted Cox proportional hazards regres-
sion models to calculate hazard ratios (HRs) and 95%
confidence intervals (Cls) for CVD deaths as the primary
outcome among different CNS tumor patient subgroups.
The variables included in the models were malignancy,
histological types (gliomas, meningioma, and other histo-
logical types), age at diagnosis, sex, race/ethnicity status
(SEER only), marital status (SEER only), area deprivation
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measured by Welsh Index of Multiple Deprivation (WIMD)
(SAIL only) and surgery status (surgery versus no sur-
gery or no information). We computed survival time from
the date of CNS cancer diagnosis until date of death or
last contact (December 31, 2015). We calculated cumula-
tive incidence function curves to describe the incidence
of deaths from CVD, and CNS death over time. We also
conducted analyses stratifying CNS tumor patients by
malignant status and major histological subtypes. To re-
duce the chance of reverse causality, all analyses were
landmark analyses, with follow-up commencing 2 months
after cancer diagnoses,?’ thereby excluding patients with
an event of death from cancer or CVD within 2 months.
To test the robustness of our results, we performed sen-
sitivity analyses in those diagnosed from 2005 onwards
when incidence and diagnosis of CNS tumors (overall and
histologically confirmed) in SAIL stabilised.?

We defined statistical significance by a two-tailed
P-value <.05. We prepared and analyzed data using R
(Version 4, https://www.R-project.org/) for SAIL UK and
SEER*Stat 8.3.8 for SEER. We conducted analyses of
SAIL data within SAIllLs remotely accessible trusted re-
search environment, having obtained approval for use
of the data (Project No. 0918). No additional informed
consent was required as there was no individual patient
involvement.

Results
Cohort Characteristics

In SAIL, there were 8743 patients diagnosed with CNS
tumors between 2000 and 2015 (Table 1). Nearly 60%
(n = 5119) of patients had nonmalignant tumors, which
were more frequent in women. The most common histo-
logical subtypes were gliomas (36.1%), which are mostly
malignant, and meningiomas (24.3%), the majority of
which are nonmalignant. There were 4804 (54.9%) deaths
during 30,134 person-years at risk. The leading cause of
death was CNS tumor (69.2%) followed by CVD (9.5%).The
primary cause of CVD death was heart disease (52.7%), fol-
lowed by cerebrovascular disease (41.8%).

In SEER, there were 163,183 patients with CNS tu-
mors diagnosed between 2005 and 2015 (Table 1).
Over 67% (n = 110,076) of patients had nonmalignant
tumors, which were more frequent in women. The
most common histological subtypes were meningioma
(49.9%) and glioma (31.0%). Among 64,676 deaths
during 684,437 person-years at risk, CNS tumor was the
leading cause of death (51.6%) followed by CVD (11.7%).
The primary cause of CVD death was heart disease
(66.4%), followed by cerebrovascular disease (36.2%)
The subtypes of other histological groups are described
in SupplementaryTable 2.

Cardiovascular Mortality Risk

Overall, patients with CNS tumors had higher CVD
mortality compared with the general population (SAIL
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Table 1. Cohort characteristics in patients with central nervous system tumors

SAIL 2000-2015

onmalignant CNS tumors

N=5119

Sex
Female
Male

Age at diagnosis (years, mean/SD)

Age at diagnosis
18-49 years

Over 50 years

Area deprivation WIMD
1 Most deprived

2

B

4

5: Least deprived
Histologic subtypes
Glioma
Meningioma

Other

Surgery

Having surgery
Not having surgery
No information
Follow up time (months)*
Follow up period
<1 year

1-4 years

5-9 years

>10 years

Main cause of death
CNS death
CVD death

Main types of CVD death
Heart disease
Cerebrovascular disease
SEER 2005-2015

4736 (54.2%)
4007 (45.8%)
61.3(17.7)

2207 (25.2%)
6536 (74.8%)

1672 (19.3%)
1688 (19.5%)
1821 (21.1%)
1787 (20.7%)
1677 (19.4%)

3156 (36.1%)
2128 (24.3%)
3459 (39.6%)

5597 (64.0%)
176 (2.0%)
2970 (34.0%)
18.0 [4.0; 68.4]

3691 (42.2%)
2582 (29.5%)
1554 (17.8%)
916 (10.5%)
Total death
N =4804
3325 (69.2%)
455 (9.5%)
Total CVD death
N =455

240 (52.7%)
190 (41.8%)

Overall CNS tumors

N=163,183

3190 (62.3%)
1929 (37.7%)
60.6 (18.6)

1466 (28.6%)
3653 (71.4%)

1003 (19.8%)
1002 (19.8%)
1113 (22.0%)
1000 (19.7%)
950 (18.7%)

83 (1.6%)
2036 (39.8%)
3000 (58.6%)

3240 (63.3%)
25 (0.5)

1854 (36.2%)
42.6 [11.0;92.6]

1322 (25.8%)
1702 (33.2%)
1318 (25.7%)
777 (15.2%)
Total death
N=1738
549 (31.6%)
398 (22.9%)
Total CVD death
N=398

208 (52.3%)
167 (42.0%)

Nonmalignant CNS tumors

N=110,076

1546 (42.7%)
2078 (57.3%)
62.2 (16.4)

741 (20.4%)
2883 (79.6%)

669 (18.7%)
686 (19.2%)
708 (19.8%)
787 (22.0%)
727 (20.3%)

3073 (84.8%)
92 (2.5%)
459 (12.7%)

2357 (65.0%)
151 (4.2%)

1116 (30.8%)
6.0 [2.0;18.0]

2369 (65.4%)
880 (24.3%)
236 (6.5%)
139 (3.8%)
Total death
N=23066
2776 (90.5%)
57 (1.9%)
Total CVD death
N=57

32 (56.1%)
23 (40.3%)

Malignant CNS tumors

N=53,107

<.001
<0.001

<.006

<.001

.0998

<.001
<.001

<.001

<.001

Sex
Female
Male

Age at diagnosis (years, mean/SD)

Age at diagnosis
18-49 years
Over 50 years

Race/Ethnicity

97,944 (60.0%)
65,239 (40.0%)
60.7 (16.9)

40,812 (25.0%)
12,2371 (75.0%)

74,720 (67.9%)
35,356 (32.1%)
61.7 (16.6)

25,943 (23.6%)
84,133 (76.4%)

23,224 (43.7%)
29,883 (56.3%)
58.8 (17.3)

14,869 (28.0%)
38,238 (72.0%)

<.001

<.001
<.001

<.001



Table 1. Continued

SEER 2005-2015

Overall CNS tumors
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Malignant CNS tumors

P-value

Non-Hispanic White
Hispanic (all races)

Non-Hispanic Black

Non-Hispanic Asian or Pacific

Islander

Non-Hispanic American Indian/

Alaska Native

Non-Hispanic Unknown Race

Marital status
Married/Partner
Single/Separated/Divorced
Unknown

Histologic subtypes
Glioma

Meningioma

Other

Surgery

Having surgery

Not having surgery

No information

Follow up time (months)?
Follow up period

<1 year

1-4 years

5-9 years

>10 years

Main cause of death
CNS death
CVD death

Main types of CVD death
Heart disease

Cerebrovascular disease

116,509 (71.4%)
18,522 (11.4%)
14421 (8.84%)
11,364 (6.96%)

955 (0.59%)

1412 (0.87%)

88,560 (54.3%)
64,138 (39.3%)
10,485 (6.43%)

50,534 (31.0%)
81431 (49.9%)
32,128 (19.11%)

82681 (50.7%)
79,332 (48.6%)
1170 (0.72%)

38.0 [14.0; 78.0]

7224 (32.8%)
2469 (11.2%)
903 (4.09%)
11458 (62.0%)
Total death
N = 64676
33,348 (51.6%)
7583 (11.7%)
Total CVD death
N=7583
5039 (66.4%)
1990 (36.2%)

76,008 (69.1%)
12,380 (11.2%)
11,163 (10.1%)
8599 (7.81%)

703 (0.64%)

1223 (1.11%)

40,501 (76.3%)
6142 (11.6%)
3258 (6.13%)
2765 (5.21%)

252 (0.47%)

189 (0.36%)

<.001
57,539 (52.3%) 31,021 (58.4%)
44,380 (40.3%) 19,758 (37.2%)
8157 (7.41%) 2328 (4.38%)
<.001
1705 (1.6%) 48,829 (91.9%)
80,535 (73.2%) 896 (1.7 %) <.001
27,836 (22.3%) 3382 (6.4%)
<.001
45641 (41.5%) 37,040 (69.7%)
63,655 (57.8%) 15,677 (29.5%)
780 (0.71%) 390 (0.73%)
54.0 [25.0; 90.0] 13.0 [4.00;33.0] <.001
<.001
3289 (21.5%) 3935 (58.4%)
1220 (7.97%) 1249 (18.5%)
778 (5.08%) 125 (1.85%)
10026 (65.5%) 1432 (21.2%)
Total death Total death
N = 25,042 N =239,634 <.001
1081 (4.32%) 32,267 (81.4%)
6525 (26.1%) 1058 (2.67%)
Total CVD death Total CVD death
N=6525 N=1058 <.001
4354 (66.7%) 685 (64.7%)

1682 (25.8%)

308 (29.1%)

CNS, central nervous system; CVD, cardiovascular disease includes the disease of heart, cerebrovascular disease, hypertension, atherosclerosis,
aortic aneurysm/dissection, and other diseases of arteries, arterioles, or capillaries.
WIMD, Welsh Index of Multiple Deprivation is the measurement of area deprivation in Wales, UK, ranking from 1 (most deprived) to 5 (least

deprived).

aNumber presented in median/Interquartile range (IQR).

SMR = 2.64, 95% Cl = 2.39-2.90, SEER SMR = 1.38,
95% Cl = 1.35-1.42, Figure 1). Malignant CNS tumor
patients had more than twice the CVD mortality risk
of the general population in SAIL and SEER. SMR for
nonmalignant tumors was almost twice as high in SAIL
as in SEER (SAIL SMR = 2.73, 95% Cl = 2.46-3.02, SEER
1.30, 95% Cl = 1.26-1.33). Among histological subtypes,
patients with meningiomas and other types had excess

CVD mortality risk (SMR 3.13 and 2.31, respectively) in
SAIL than those in SEER (SMR 1.36 and 1.04, respec-
tively). SMRs for cerebrovascular mortality were higher
than for heart disease mortality, with relative risk con-
siderably higher in SAIL than in SEER (Figure 1). Sex
stratification showed similar patterns of risk with vari-
ations among subgroups. Male patients with malignant
gliomas had over 2-fold higher CVD mortality risk in SAIL



Jin et al. Cardiovascular mortality in CNS tumors

SAIL UK 2000-2015

Group CVD death  Person-year SMR (95% Cl)
Cardiovascular mortality

All CNS tumours

Overall 455 30134 264 (2-39-2-90)***
Non-malignant type 398 24131 2.73 (2:46-3-02)***
Malignant type 57 6003 214 (1-61-2.79)***
Histologic subtypes

Gliomas 38 5234 2.08 (1-46-2-88)***
Meningioma 232 8778 313 (2:73-3-57)***
Other 185 16121 2.31 (1-98-2-68)***
Heart disease mortality

All CNS tumours

Overall 240 30134 222 (1.94-2.54)***
Non-malignant type 208 24131 229 (1-98-2-64)***
Malignant type 32 6003 1-88 (1-32-3-26)"**
Histologic subtypes

Gliomas 25 5234 224 (1-42-3-36)***
Meningioma 123 8778 2.61 (2:15-3-13)***
Other 92 16121 1-85 (1-48-2.29)***
Cerbrovascular mortality

All CNS tumours

Overall 190 30134 7-72 (6-64-8-93)***
Non-malignant type 167 24131 7-93 (6:94-9-26)***
Malignant type 23 6003 655 (4-15-9-83)***
Histologic subtypes

Gliomas 13 5234 6-20 (3-30—-10-61)***
Meningioma 96 8778 8-12 (6-54-9-96)***
Other 81 16121 7-59 (5-99-9-49)***

[ S ol
0 4 8 12
Adjusted SMR (95% Cl)

Figure 1.

SEER 2005-2015

Group CVD death  Person-year SMR (95% Cl)
Cardiovascular mortality

All CNS tumours

Overall 7583 684438 [} 1-38 (1-35—-1-42)***
Non-malignant type 6525 490453 | ] 1.30 (1-26-1-33)***
Malignant type 1058 193985 o 2-21 (2-06-2-36)***
Histologic subtypes

Gliomas 882 176631 o 2.21 (2-05-2-38)***
Meningioma 5830 340424 L] 1.36 (1-32—1-40)***
Other 871 150251 ] 1.04 (0-96-1-13)
Heart disease mortality

All CNS tumours

Overall 5039 684438 ] 1-27 (1.23-1.31)***
Non-malignant type 4354 490453 - 1-20 (1-16—1-24)***
Malignant type 685 193985 u 1-94 (1.78-2:10)***
Histologic subtypes

Gliomas 584 176631 L 1-98 (1-80-2:16)***
Meningioma 3884 340424 | ] 1.26 (1-21-1.30)***
Other 571 150251 L] 0-91 (0-82-1-01)
Cerbrovascular mortality

All CNS tumours

Overall 1990 684438 - 1-86 (1.76-1-96)***
Non-malignant type 1682 490453 n 1.71 (1.61-1.81)"**
Malignant type 308 193985 - 3.60 (3-14—4-11)**
Histologic subtypes

Gliomas 248 176631 ] 360 (3-08—4-18)***
Meningioma 1505 340424 L 1.76 (1.66—1-87)***
Other 287 150251 4 1-60 (1-36—-1-89)***

———r
0 3 6 9 12
Adjusted SMR (95% CI)

Cardiovascular mortality in CNS tumors and stratified by subgroups. Standardized mortality ratios (SMRs) for cardiovascular disease

(CVD) adjusted by age, sex and calendar-year in CNS tumor and by malignancy and main histological subtypes. SMRs for subtypes within cause of
CVD (disease of heart and cerebrovascular disease) were presented. A SMR above 1 represents a higher relative risk of death for a type of cardio-

vascular cause compared with the general population.

(SMR = 2.66, 95% CI = 1.77-3.82) and SEER (SMR = 2.09,
95% Cl = 1.89-2.31); whereas female patients with
nonmalignant meningiomas in SAIL had higher CVD
mortality risk (SMR = 3.39, 95% CI| = 2.90-3.94) than
those in SEER (SMR = 1.31, 95% CI = 1.37-1.36, data not
shown). Analysis of mortality trends by calendar year
showed elevated CVD mortality risks across the en-
tire period of study, albeit with some variation by sub-
groups, in both SAIL and SEER (SupplementaryTable 3).

Cardiovascular Mortality Risk by Age at Cancer
Diagnosis

For all CNS tumors combined, SMRs for CVD mortality
were elevated for all age groups in SAIL and SEER, par-
ticularly for patients diagnosed below the age of 50 years
(SAIL SMR = 96.09, 95% CIl = 48.89-164.55, SEER SMR
2.03, 95% Cl = 1.79-2.30; Figure 2 and Supplementary
Table 4). SMRs for cerebrovascular disease were sub-
stantially elevated in SAIL (SMR 321.97, 95% Cl = 138.34-
622.23), less so for SEER (SMR 4.82, 95% Cl = 3.84-5.99)
(Supplementary Table 4). These patterns of higher rela-
tive CVD mortality risk for those with younger age at di-
agnosis were consistent across CNS tumor subtypes of
malignancy and main histological types (Supplementary
Tables 4 and 5).

Cardiovascular Mortality Risk During Follow-Up

The highest SMRs for CVD mortality were observed in the
first year after cancer diagnosis (SAIL SMR = 2.98, 2.39-
3.66, SEER SMR = 2.14, 2.03-2.25, Supplementary Table 6).
CVD mortality declined from 1 year post diagnosis, but re-
mained elevated for up to 10 years (Figure 3). These pat-
terns of higher CVD mortality risk were consistent across
CNS tumor subtypes of malignancy and main histological
types (SupplementaryTables 6 and 7).

Cumulative Incidence of Death

The cumulative incidences of death from CVD and from
CNS tumor by main histological group in SAIL and SEER
are shown in Supplementary Figure 1. The risk from CVD
death was negligible in gliomas in both datasets but con-
stituted the leading cause of death in meningioma patients
in SEER.

Factors Associated with CVD Mortality in SAIL
and SEER

Multivariable Cox proportional hazards models to examine
associations of factors with CVD mortality in nonmalignant
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Figure 2. Cardiovascular mortality in CNS tumors by age at cancer diagnosis and stratified by subtypes. SMRs for CVD adjusted by age and sex in
CNS tumors. SMRs for subtypes within cause of CVD (disease of heart and cerebrovascular disease) were presented. A SMR above 1 represents a
higher relative risk of death for a type of cardiovascular cause compared with the general population.

meningioma and malignant gliomas are shown in Table
2. For meningiomas, strong predictors of CVD mortality
were older age and area deprivation (SAIL), non-Hispanic
Black ethnicity (SEER) and not being married or having a
partner (SEER). Being male and not having surgery were
associated with higher CVD mortality in both cohorts but
nonsignificantly (P > .05) in SAIL (Table 2). For gliomas,
being male, older age, and not having surgery significantly
increased risk of CVD mortality in both cohorts. In the SEER
cohort, being non-Hispanic Black or not being married or
having a partner were also associated with higher CVD
mortality. Not having surgery was associated with increase
in risk of CVD death in SAIL (HR = 2.22, 1.03-4.76) and SEER
(HR = 1.56, 1.35-1.56), respectively, compared with those
having surgery (Table 2).

Broadly similar SMRs and HRs to those noted above
were observed in analyses that were restricted to CNS tu-
mors (overall and subtypes of malignancy and main his-
tological groups) between 2005 and 2015 in SAIL UK (data
not shown).

Discussion

Our analysis of over 170,000 patients with CNS tumors in
population-based cancer registries from UK and US dem-
onstrated CVD was the second commonest cause of death
in both malignant and nonmalignant types. There was
a significantly increased risk of CVD mortality after CNS
tumor diagnosis compared to the general population. CVD
mortality, particularly from cerebrovascular disease, was
substantially greater in patients diagnosed at a younger
age (<50 years) and within the first year after their cancer
diagnosis. Age, sex, race/ethnicity in USA, deprivation in
UK and not having surgery were associated with CVD mor-
tality in CNS tumor patients. Targeted interventions and
risk stratification tools might improve survival.

Our inclusion of all CNS tumor subtypes by malignancy
and main histological groups extends previous studies of
CVD mortality among patients of childhood and younger
age onset. Increased CVD mortality in CNS tumor patients
may reflect cardiotoxic cancer treatment. Current treat-
ment for malignant CNS tumors includes surgery, cranial
radiotherapy, and chemotherapy.#?® Such cancer treat-
ment is associated with adverse cardiovascular compli-
cations including cardiomyopathy, cardiac arrhythmias
and stroke.?® Older age also contributes to increased risk
of cardiotoxicity from cancer treatment,® and the mean
age at cancer diagnosis was 60 years in our cohorts.
Increased CVD mortality risk in nonmalignant CNS tumor
patients, for example, asymptomatic patients with be-
nign meningiomas, who may not require surgical man-
agement or radiation therapy, could relate to existing CVD
risk or other comorbidities, such as advancing age, or
underutilized existing preventive therapies.®°This requires
further study.

Patients who are younger at cancer diagnosis, and in
the first year after diagnosis, were at higher risk of CVD
mortality is consistent with previous studies of other can-
cers.®'®17 |n one study following over 200,000 cancer
patients diagnosed at 15-39 years for 25 years, risk of car-
diac mortality was 1.4 times the general population with
decreasing SMRs for cardiac mortality at increasing ages
(SMR 4.2 at 15-19 years to SMR 1.2 at 35-39 years)." The
immediate negative effects of surgery (malignant and
nonmalignant tumors), and concomitant radiotherapy and
chemotherapy (malignant tumors) may explain the highest
risk in first-year post diagnosis. Our studies also showed
CVD mortality remained elevated even 5 years after diag-
nosis, suggesting long-term effects from anti-cancer treat-
ment and individual comorbidity.

Across all CNS tumors, cerebrovascular mortality risk
was higher than heart disease. Greater cerebrovascular
mortality risk was reported in previous studies of child-
hood and young adult-onset CNS tumors.'3'63" A recent
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Table2. Coxregression multivariable HRs and 95% Cls for association between patient characteristics and CVD mortality

SAIL UK 2000-2015

Jin et al. Cardiovascular mortality in CNS tumors

Nonmalignant meningioma

Malignant glioma

Characteristics

Gender

Female

Male

Age

Area deprivation

WIMD 5 (least deprived)
WIMD 4

WIMD 3

WIMD 2

WIMD 1 (most deprived)
Year of diagnosis
Treatment

Having surgery

Not having surgery

No information

SEER 2005-2015
Characteristics

Gender

Female

Male

Age

Ethnicity

Non-Hispanic White
Hispanic (all races)
Non-Hispanic Black
Non-Hispanic Asian or Pacific Islander
Non-Hispanic American Indian/Alaska Native
Non-Hispanic Unknow Race
Marital status
Married/Having Partner
Single/Separate/Divorced
Unknown

Year of diagnosis
Treatment

Having surgery

Not having surgery

No information

HR, hazard ratio; Cl, confidence interval; CVD, cardiovascular disease; WIMD, Welsh Index Multiple Deprivation.

a<.05,
b<.001,
¢<.01.

HR (95% ClI)

1
1.16 (0.85-1.57)
1.11 (1.09-1.12)

1

1.10 (0.70-1.71)

1.32 (0.84-2.05)

1.73 (1.12-2.66)?
2.00 (1.30-3.06)°
0.98 (0.86-1.11)

1
6.23 (1.52-25.62)
1.35(1.01-1.83)
Nonmalignant Meningioma
HR (95% Cl)

1.00
1.64 (1.55-0.74)P
1.10 (1.10-1.10)®

1.00
0.91(0.83-1.01)
1.48 (1.37-1.60)°
0.83 (0.75-0.94)°
0.84 (0.54-1.30)
0.20 (0.08-0.48)°

1.00

1.38 (1.30-1.47)®
1.26 (1.14-1.40)°
0.99 (0.98-1.00)2

1.00
1.34 (1.25-1.43)®
1.39 (1.05-1.84)?

HR (95% Cl)

2.11 (1.03-4.31)?
1.08 (1.05-1.11)°

0.74 (0.28-1.94)
0.81 (0.30-2.19)
0.63(0.21-1.9)

1.37 (0.54-3.48)
0.91 (0.83-1.00)

1
Nil
1.82(0.81-4.09)
Malignant Glioma
HR (95% Cl)

1.00
1.36 (1.18-1.56)°
1.07 (1.07-1.08)°

1.00

1.10 (0.87-1.39)

2.01 (1.61-2.53)°
0.98 (0.71-1.35)

1.72 (0.77-3.86)

0.43(0.06-3.04)

1.00

1.43 (1.23-1.65)P
1.22 (0.87-1.71)
0.96 (0.94-0.99)°

1.00
1.58 (1.36-1.82)P
0.33(0.05-2.36)

Model adjusted for gender, age, WIMD (SIAL UK), ethnicity (SEER US), marital status (SEER US), year of diagnosis, treatment information for surgery.

US study found malignant CNS tumors had the highest ischemic injuries from cranial surgery and radiation.™
risk of stroke mortality compared to other cancer sites in A cancer-associated hypercoagulatory state could also con-
the first 5 years following cancer diagnosis.'”” Possible ex-  tribute to ischemia.®""® The higher cerebrovascular mor-
planations included hypoxic condition leading to cerebral  tality may also be partly explained by direct effects of CNS
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tumors on cerebral vasculature, systemic tumor-related in-
flammatory and pro-coagulant factors, or in some cases,
diagnostic misclassification (e.g., focal epilepsy, “tumor
attacks,” or intra-tumoral hemorrhage being labeled diag-
nostically as stroke).

The findings of not having surgery associated with in-
creased CVD mortality may implicate a tumor-related
factor in CVD risk but may alternatively indicate that more
proactive follow up of patients after surgery is of benefit
for earlier identification and treatment of CVD risk factors.
Another explanation is “reverse causality’, that those who
did not receive surgery had worse performance status or
poor neurological function at the time surgery was con-
sidered, particularly in elderly patients.®2 The cohorts we
examined lacked the granular clinical detail to enable fur-
ther exploration of these potential explanations.

CVD mortality risk varied between the UK and US cohorts
studied, especially for benign meningiomas (Supplementary
Table 8). SMR estimates for CVD mortality by race/ethnicity
in SEER showed the risk was significantly higher in people
with CNS tumors regardless of ethnicity (Supplementary
Table 9). However, meningioma patients in SAIL UK re-
mained higher CVD mortality risk compared to their general
population (SMR 3.13) than those in non-Hispanic White and
Black (SMR 1.31 and 1.64) in US SEER. These may suggest
the differences in risk could be related to the healthcare fac-
tors, for example, treatment patterns related to the type of
facility, access to specialized medical and surgical care for
early diagnosis and long-term management across coun-
tries.’®3 Highly specialized neuro-oncology care including
surgical and radiation services for diagnosis and long-term
management are important for improving survival out-
come CNS tumors.” Incidence rates of meningiomas in the
US are higher than in other countries, including the UK.233
This likely reflects increasing diagnosis of meningiomas as
incidental findings, partly because of growing MRI avail-
ability, more marked in the USA.® More meningiomas are
diagnosed at earlier stage.® The rate of growth of benign
meningioma is typically slow and most meningiomas found
incidentally on brain imaging undertaken for unrelated
symptoms remain asymptomatic.® A larger proportion of
meningiomas detected in the US when they are small, not
growing, and not requiring treatment, may at least in part
explain the difference in excess CVD mortality between the
UK and USA. Less well-resourced healthcare and higher
prevalence of CVD risk factors can compound CVD mortality
risk,%* and may also contribute to the differences observed
between the US and the UK.

CVD mortality was significant high in the other histolog-
ical subtype group in SAIL (SMR 2.31, P < .001) but not in
SEER (SMR 1.04, P> .05, Figure 1). This is consistent with
the observation that the SMR for nonmalignant tumors is
over twice as high in SAIL (SMR 2.27, P <.001) but not sig-
nificantly high in SEER (SMR 0.94, P> .05), while malignant
CNS tumor patients had similar high risk of CVD mor-
tality in SAIL and SEER (SMR 2.68 and 2.88, respectively,
P<.001, SupplementaryTable 10). Further analysis showed
patients with tumors of the sellar region experienced an
excess CVD mortality risk in both cohorts (SMR 3.12 and
4.20, P < .001, respectively), and that patient with tumors
of cranial and spinal nerve had substantially high risk in
SAIL (SMR = 3.17, 95% Cl = 1.96-4.84) but significantly low

in SEER (SMR = 0.72, 95% CI = 0.64-0.81, Supplementary
Table 10).

The findings of consistently higher CVD risk in malig-
nant CNS tumors, particularly gliomas, but with varia-
tions in CVD risk in nonmalignant CNS tumors, especially
meningiomas, between the UK and USA, may reflect the re-
spective variations in standard approaches and guidelines
on management of tumors across countries. Information
on clinical characteristics and therapeutic management on
meningiomas remains scarce compared to that of malig-
nant tumors,® because benign CNS tumors has not been
included in cancer registration in many countries. A better
understanding of the factors contributing to CVD risk fol-
lowing a nonmalignant CNS tumor diagnosis is needed to
interrogate the differences further.

Our study has important implications. Our analysis
shows CVD mortality is the largest single noncancer cause
of death among patients with CNS tumors. Over 25% of
CNS tumor patients were diagnosed aged 18-49 vyears,
among which over 60% had a nonmalignant tumor. This
is important because these patients have better survival
prognosis overall and so may have most to benefit from
early CVD prevention. Malignant CNS tumor patients have,
on average, a much shorter-life expectancy, but there still
may be advantages to CVD risk reduction, especially in
the absence of other emerging therapeutic strategies.
Early prevention of CVD should be a priority in cancer pa-
tients. In our study, advanced age, being male, lower SES
and non-Hispanic Black ethnicity were strong predictors
of CVD mortality in CNS tumors patients. These are well
established CVD mortality risk factors and could inform
screening to identify patients who may benefit from CVD
preventive interventions. Active monitoring and treatment
of CVD complications during and after cancer treatment
could also help reduce CVD mortality.

Strengths and Limitations

Our results provide the most comprehensive anal-
ysis of malignant and nonmalignant CVD mortality in
CNS tumor patients in two independent populations,
enhancing the generalizability of our findings. Our inclu-
sion of all CNS tumor subtypes extends previous studies
of CVD mortality among patients of younger age at onset
(<40 years).'2131516 A key strength is stratification of
nonmalignant CNS tumors, particularly meningiomas,
which account for 30-50% newly diagnosed intracranial
tumors. Our analysis suggest that meningioma’s might
benefit from risk stratification and early prevention given
elevated risk of death from CVD not previously assessed
in other CNS mortality studies. Using cancer registry data
from two countries allowed us to examine the CVD mor-
tality patterns across relatively rare CNS tumor subtypes
using consistent methodology. Population-based cancer
registry data has strengths of capturing and identifying risk
in those who may be under-represented in clinical trials,
from which treatment guidelines are often developed.

Our study had several limitations. Firstly, SMRs cannot
be compared to each other since they compare the rel-
ative risk with the standard population, which may vary
among groups and geographical location.” SMRs and their
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confidence intervals depend on person-years at risk, and if
the incidence of a cancer is low and the survival is limited
(e.g., certain brain cancers in the Wales, UK), the Cl may be
wide. Second, we could not calculate risk adjusted mortality
(e.g., risk adjusted mortality index) by taking into account of
health care factors such as admission types, specific treat-
ment modalities including type of surgery, chemotherapy
and radiotherapy, limiting further exploration and interpre-
tation of our results.This may be possible in future by linking
routinely collected data from different sources we can pro-
vide a better measurement to monitor survival outcomes
in CNS tumors. Third, we did not have information on CVD
risk factors such as obesity and smoking. However, a recent
large study examining CVD risk for multiple cancer sites
showed adjustment for shared risk factors had little effect
on CVD risk compared with the general population.® Fourth,
the lack of individual level of sociodemographic informa-
tion such as marital status and ethnicity in SAIL and depri-
vation in SEER made it difficult to directly compare CVD risk
for these two cohorts. Another limitation is the use of death
certificate information to classify cause of death, which may
have limited accuracy. However, international studies have
reported acceptable validity (83-98%) of case of death using
such data.353¢ Lastly, we did not have detailed data in SEER
to classify all stroke outcomes as ischemic or hemorrhagic.

Conclusions

Our results provide important evidence on CVD risk in CNS
tumors by subtype that could inform risk stratification and
prevention efforts in clinical practice, particularly in the first
year and among those diagnosed at younger ages. Given
the effectiveness of both primary and secondary preven-
tion interventions for CVD, risk screening prior to, during
and after cancer treatment should be emphasized and com-
municated within multidisciplinary teams including neuro-
oncologists, general practitioners, and cardiologists.

Supplementary Material

Supplementary material is available at Neuro-Oncology
Advances online.
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