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Association between Incident Cancer
and Subsequent Stroke

Babak B. Navi, MD,1,2,3 Anne S. Reiner, MPH,4 Hooman Kamel, MD,1,2

Costantino Iadecola, MD,1,2 Mitchell S. V. Elkind, MD, MS,5,6

Katherine S. Panageas, DrPH,4 and Lisa M. DeAngelis, MD1,3

Objective: A study was undertaken to examine the association between incident cancer and the subsequent risk of
stroke.
Methods: Using the Surveillance, Epidemiology, and End Results–Medicare linked database, we identified patients
with a new primary diagnosis of breast, colorectal, lung, pancreatic, or prostate cancer from 2001 through 2007.
These patients were individually matched by age, sex, race, registry, and medical comorbidities to a group of Medi-
care enrollees without cancer, and each pair was followed through 2009. Validated diagnosis codes were used to
identify a primary outcome of stroke. Cumulative incidence rates were calculated using competing risk survival
statistics.
Results: Among 327,389 pairs of cancer patients and matched controls, the 3-month cumulative incidence of stroke
was generally higher in patients with cancer. Cumulative incidence rates were 5.1% (95% confidence interval
[CI] 5 4.9–5.2%) in patients with lung cancer compared to 1.2% (95% CI 5 1.2–1.3%) in controls (p<0.001), 3.4%
(95% CI 5 3.1–3.6%) in patients with pancreatic cancer compared to 1.3% (95% CI 5 1.1–1.5%) in controls (p<0.001),
3.3% (95% CI 5 3.2–3.4%) in patients with colorectal cancer compared to 1.3% (95% CI 5 1.2–1.4%) in controls
(p<0.001), 1.5% (95% CI 5 1.4–1.6%) in patients with breast cancer compared to 1.1% (95% CI 5 1.0–1.2%) in con-
trols (p< 0.001), and 1.2% (95% CI 5 1.1–1.3%) in patients with prostate cancer compared to 1.1% (95% CI 5 1.0–
1.2%) in controls (p 5 0.085). Excess risks attenuated over time and were generally no longer present beyond 1 year.
Interpretation: Incident cancer is associated with an increased short-term risk of stroke. This risk appears highest
with lung, pancreatic, and colorectal cancers.
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Nearly 13 million Americans (4% of the population)

have cancer and another 1.6 million receive a new

cancer diagnosis each year.1 Autopsy data indicate that

15% of these patients have pathological evidence of cere-

brovascular disease upon death,2 and several small, retro-

spective cohort studies have demonstrated that stroke is

common in patients with cancer.3,4 Pathophysiological

considerations suggest that many of these strokes may

arise from unique mechanisms related to cancer-mediated

hypercoagulability or complications of oncological

treatments.2,3,5,6

Few population-based data exist to support an inde-

pendent association between cancer and stroke. Prior

studies have found increased risk of stroke in patients

with breast, lung, and head and neck cancer, patients

undergoing radiotherapy for cervical cancer, and long-

term survivors of Hodgkin lymphoma,7–11 but these

findings in small subsets of cancer patients may not

apply to the overall cancer population. Conversely, a

recent study from Sweden reported that several cancer

types were independently associated with stroke, but this

study used only inpatient data from a demographically

homogeneous population.12

To better assess the relationship between cancer and

the risk of stroke, we used population-based Medicare

claims data to assess the risk of stroke in patients with a

new diagnosis of cancer compared to a matched cohort

of patients without cancer. Our hypothesis was that a
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new diagnosis of cancer is associated with an increased

risk of subsequent stroke, and that the risk is highest

soon after cancer diagnosis. We also hypothesized that

the risk would be highest in patients with pancreatic can-

cer because mucinous adenocarcinoma, which accounts

for most pancreatic cancers, is the cancer histology most

commonly associated with thromboembolism from

cancer-mediated hypercoagulability.13

Subjects and Methods

Design
We performed a retrospective matched cohort study using Sur-

veillance, Epidemiology, and End Results (SEER) data linked

with Medicare claims from 2001 through 2009. The SEER-

Medicare data set comprises national population-based cancer

registries linked to Medicare enrollment and claims files, and

provides detailed clinical information about a heterogeneous

population of cancer patients. The SEER registries include

approximately 28% of all patients diagnosed with cancer in the

United States.1 SEER also includes data from a 5% random

sample of Medicare beneficiaries without cancer residing in

SEER geographic regions, which enabled us to compare the

risk of stroke in patients with cancer versus matched patients

without cancer. Medicare data used for this study included the

physician and supplier file, the outpatient standard analytic file,

and the Medicare provider analysis and review file. The Memo-

rial Sloan Kettering Cancer Center review board approved this

study and waived the need for informed consent.

Cancer Population
Cancer cases consisted of all patients aged 66 years or older

diagnosed with primary breast, colorectal, lung, pancreatic, or

prostate cancer from January 1, 2001 to December 31, 2007.

We a priori chose breast, colorectal, lung, and prostate cancers

because these are the 4 most common malignant cancer types

and thus are most representative of cancer in general (account-

ing for approximately 50% of all new malignant cancers).1 We

also included pancreatic cancer because it is the cancer type

most commonly reported in association with thromboembolic

events.13,14 Data for each of the 5 cancer types were analyzed

separately to account for variable risks across cancer types.

Patients who were diagnosed with multiple primary cancers

during the study period were assigned the cancer type diag-

nosed first.

We used site record definitions from the SEER Patient

Entitlement and Diagnosis Summary File to identify patients

with incident cancer.15 The specific site definitions used to

define our specific cancer cohorts are based on the SiteR1 clas-

sification and are as follows: prostate (54: prostate), lung (37–

41: nose, nasal cavity, and middle ear; larynx; lung and bron-

chus; pleura; trachea, mediastinum, and other respiratory

organs), breast (46: breast), colorectal (15–23 and 25–27:

cecum; appendix; ascending colon; hepatic flexure; transverse

colon; splenic flexure; descending colon; large intestine not

otherwise specified; rectosigmoid junction; rectum; anus, anal

canal, and anorectum), and pancreas (33: pancreas).

We excluded patients with cancer if they lacked Part A or

B Medicare coverage or belonged to a health maintenance orga-

nization in the year prior to their cancer diagnosis or during

follow-up, their cancer diagnosis was made at death or by

autopsy or death certificate only, their cancer diagnosis was

made before 2001 or after 2007, their first cancer diagnosis

during the study period was not their first-ever cancer, their age

at the time of cancer diagnosis was <66 years (to allow time to

fully ascertain comorbidities in the year prior to cancer diagno-

sis), their month of cancer diagnosis was missing, or we could

not identify a control patient without cancer matched on our

predefined factors.

In addition, to minimize ascertainment bias and restrict

our evaluation to first-ever stroke, we excluded patients with a

Medicare claim for stroke or cerebrovascular disease as defined

by the Medicare comorbidity macro (an adaptation of the

Charlson comorbidity index that comprises 15 comorbidity var-

iables) in the year prior to cancer diagnosis.16–18 The specific

comorbidity composites and their respective International Clas-

sification of Diseases, 9th Revision, Clinical Modification

(ICD-9-CM) codes are as follows: myocardial infarction (410.x,

412.x), congestive heart failure (428.x), peripheral vascular dis-

ease (443.9, 441.x, 785.4, V43.4, procedure 38.48), cerebrovas-

cular disease (430.x–438.x), dementia (290.x), chronic

pulmonary disease (490.x–505.x, 506.4), rheumatic disease

(710.0, 710.1, 710.4, 714.0–714.2, 714.81, 725.x), peptic ulcer

disease (531.x–534.x), mild liver disease (571.2, 571.4–571.6),

diabetes without chronic complication (250.0–250.3, 250.7),

diabetes with chronic complication (250.4–250.6), hemiplegia

or paraplegia (344.1, 342.x), renal disease (582.x, 583.0–583.7,

585.x, 586.x, 588.x), moderate or severe liver disease (456.0–

456.21, 572.2–572.8), and acquired immunodeficiency syn-

drome/human immunodeficiency virus (042.x–044.x).19,20

Control Population
We compared the incidence of stroke in patients with cancer to

the incidence in a matched cohort of fee-for-service Medicare

enrollees without cancer identified from the 5% sample of

Medicare beneficiaries residing in SEER areas. Each patient

with cancer was individually matched to a cancer-free control

patient by year of birth, sex, race (dichotomized into white or

nonwhite), SEER registry (a proxy for geographic region cate-

gorized into Northeast, Midwest, South, and West regions),

and Charlson comorbidity index in the year prior to study

entry (dichotomized into 0 or �1). Because the Charlson

comorbidity index does not include the important stroke risk

factors hypertension and atrial fibrillation, we also matched

each patient by ICD-9-CM codes for hypertension (401–405,

437.2) or atrial fibrillation (427.31, 427.32) in the year prior

to study entry. Similar to the cancer patients, we excluded

patients without cancer if they lacked Medicare Part A or B

coverage or were enrolled in a health maintenance organization

in the year prior to study entry or during follow-up, or if they
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had a Medicare claim for stroke or cerebrovascular disease in

the year prior to study entry.

Measurements
Patients with cancer and their matched controls entered the

study at the date of the cancer patient’s cancer diagnosis. The

primary outcome was a composite of ischemic or hemorrhagic

stroke, defined as any ICD-9-CM diagnosis of ischemic stroke

(433.x1, 434.x1, or 436) or hemorrhagic stroke (430 or 431)

without concurrent codes for rehabilitation (V57) in the pri-

mary diagnosis position or trauma (800–804 or 850–854) in

any diagnosis position.21 Patients with codes for both ischemic

and hemorrhagic stroke were considered to have had hemor-

rhagic stroke alone. Our secondary outcomes were ischemic

stroke alone and hemorrhagic stroke alone. Medicare claims

data have been shown previously to have good sensitivity and

excellent specificity and negative predictive value for identifying

acute stroke diagnoses.22

Statistical Analysis
We used descriptive statistics to characterize patient characteris-

tics at study entry. Because death is a frequent competing risk

in patients with cancer, we used competing risk survival statis-

tics to calculate the cumulative incidence of stroke and the asso-

ciated 95% confidence intervals (CIs).23 We specifically chose

this technique over standard survival statistics (eg, Kaplan-

Meier method) because the occurrence of death (ie, frequent

competing event) may prevent stroke (ie, outcome of interest)

from being observed and standard survival statistics ignore com-

peting risks, which can produce bias and invalid results. In con-

trast, the competing risk method estimates the hazard of stroke

in the presence of death and unlike the Kaplan–Meier method

does not censor patients at the time of their death, but instead

considers them as failures in the event-free survival portion of

its calculation.

We did not calculate hazard ratios for the entirety of

patient follow-up because the risks associated with cancer varied

over time and therefore the proportional hazards assumption

was not satisfied. Instead, we calculated hazard ratios during

discrete time periods when the proportional hazard assumption

for the specific cancer types was generally met. We also formally

compared the 3-month cumulative incidence of stroke between

groups by performing the nonparametric test of Robert Gray

(ie, log-rank test for competing risk survival statistics).24

Follow-up was calculated from the case’s date of cancer diagno-

sis until stroke, death, or end of study on December 31, 2009

(whichever occurred first). Strokes and deaths were considered

events and patients without these events were censored. Statisti-

cal analyses were performed using SAS software (v9.3; SAS

Institute, Cary, NC) and R software (v2.13.1).

Results

Patient Characteristics
The final cohort comprised 327,389 pairs of cancer

patients and controls matched 1:1 on age, sex, race, regis-

try, history of hypertension or atrial fibrillation, and

Charlson comorbidity index (Table 1). More than 95%

of eligible cancer patients were successfully matched to a

control. Most patients were white, >70 years of age, and

had a history of hypertension or atrial fibrillation. There

were slightly more women in the colorectal and pancre-

atic cancer cohorts, and an approximately equal number

of women and men in the lung cancer cohort. The pres-

ence of any medical comorbidity (as defined by the

Charlson comorbidity index) besides hypertension or

atrial fibrillation depended on the cancer type, ranging

from 29% in the prostate cancer cohort to 50% in the

lung cancer cohort. Cancer stage at the time of cancer

diagnosis also varied depending on cancer type, and was

generally more advanced for colorectal, lung, and pancre-

atic cancers. Median survival for patients with cancer was

4.1 years (interquartile range [IQR] 5 0.9–not reached)

for colorectal cancer, 0.6 years (IQR 5 0.2–1.7) for lung

cancer, and 0.3 years (IQR 5 0.1–0.8) for pancreatic can-

cer; median survival had not been reached by the end of

follow-up for patients with breast and prostate cancer,

nor for matched control patients without cancer. Due to

differences in survival, median follow-up time was

shorter in the cancer cohorts as compared to matched

controls: 4.3 versus 4.7 years for breast cancer, 2.9 versus

4.5 years for colorectal cancer, 0.6 versus 4.5 years for

lung cancer, 0.3 versus 4.3 years for pancreatic cancer,

and 4.5 versus 4.6 years for prostate cancer.

All Strokes
At 3 months, the cumulative incidence of stroke was

higher in patients with cancer than in matched controls

(Table 2, Fig). Cumulative incidence rates were 5.1%

(95% CI 5 4.9–5.2%) in patients with lung cancer com-

pared to 1.2% (95% CI 5 1.2–1.3%) in controls (Gray

test: p< 0.001), 3.4% (95% CI 5 3.1–3.6%) in patients

with pancreatic cancer compared to 1.3% (95%

CI 5 1.1–1.5%) in controls (p< 0.001), 3.3% (95%

CI 5 3.2–3.4%) in patients with colorectal cancer com-

pared to 1.3% (95% CI 5 1.2–1.4%) in controls

(p< 0.001), 1.5% (95% CI 5 1.4–1.6%) in patients

with breast cancer compared to 1.1% (95% CI 5 1.0–

1.2%) in controls (p< 0.001), and 1.2% (95%

CI 5 1.1–1.3%) in patients with prostate cancer com-

pared to 1.1% (95% CI 5 1.0–1.2%) in controls

(p 5 0.085). Excess risks attenuated over time and gener-

ally were no longer present beyond 1 year (see Tables 2

and 3).

Stroke Subtypes
As in the general population,25 most strokes were ischemic,

accounting for 89 to 93% of all strokes depending on can-

cer type. The 3-month cumulative incidence of ischemic
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stroke closely mirrored that of all stroke (Table 4). The

cumulative incidence of hemorrhagic stroke was also

increased among patients with cancer as compared to

matched controls, but in contrast to the pattern seen with

ischemic stroke, the increased cumulative incidence of

hemorrhagic stroke attenuated less over time (Table 5).

TABLE 1. Baseline Characteristics of Matched Pairs of Cancer Patients and Control Patients, 2001–2007,
Stratified by Cancer Type

Characteristic Breast
Cohort,
n 5 69,234a

Colorectal
Cohort,
n 5 65,829

Lung
Cohort,
n 5 80,984

Pancreatic
Cohort,
n 5 16,571

Prostate
Cohort,
n 5 94,771

Age, mean yr (SD) 76 (7) 78 (7) 76 (7) 78 (7) 75 (6)

Sex

Women 68,662 [99] 36,026 [55] 39,387 [49] 9,456 [57] 0 [0]

Men 572 [1] 29,803 [45] 41,597 [51] 7,115 [43] 94,771 [100]

Race

White 61,118 [88] 56,390 [86] 70,116 [87] 13,758 [83] 79,337 [84]

Nonwhite 8,116 [12] 9,439 [14] 10,868 [13] 2,813 [17] 15,434 [16]

Geographic region

Northeast 16,842 [24] 17,439 [26] 18,113 [22] 4,029 [24] 22,158 [23]

Midwest 13,044 [19] 12,863 [20] 15,189 [19] 3,121 [19] 19,011 [20]

South 12,253 [18] 12,507 [19] 18,535 [23] 2,973 [18] 16,865 [18]

West 27,095 [39] 23,020 [35] 29,147 [36] 6,448 [39] 36,737 [39]

Charlson comorbidities

0 48,713 [69] 40,593 [62] 40,870 [50] 8,562 [52] 67,286 [71]

1 or more 21,421 [31] 25,236 [38] 40,114 [50] 8,009 [48] 27,485 [29]

Hypertension or
atrial fibrillation

49,788 [72] 47,668 [72] 58,003 [72] 12,299 [74] 63,466 [67]

Census tract poverty
level< 10%b

43,662 [63] 38,637 [59] 45,152 [56] 9,746 [59] 57,870 [61]

Cancer stagec

0 or T0 10,566 [15] 4,783 [7] 55 [0] 26 [0] 47 [0]

1 or T1 27,622 [40] 13,507 [21] 12,483 [15] 605 [4] 41,172 [43]

2 or T2 17,792 [26] 16,593 [25] 2,554 [3] 1,859 [11] 44,038 [46]

3 or T3 4,792 [7] 14,063 [21] 20,154 [25] 714 [4] 2,144 [2]

4 or T4 3,471 [5] 10,504 [16] 31,499 [39] 4,413 [27] 4,684 [5]

Unknown 4,991 [7] 6,379 [10] 14,239 [18] 8,954 [54] 2,686 [3]
aData are presented as No. [%] unless otherwise specified. Total numbers represent the total number of matched pairs. Due to
rounding, some values may not add up to 100.
bNumber and proportion of patients who live in areas where <10% of people are below the poverty line according to the 2000
census.
cRefers to the American Joint Committee on Cancer (AJCC) staging schema, except for patients with prostate cancer, who were
staged according to the T (clinical) staging classification. Cancers diagnosed from 2001 through 2003 were staged according to the
AJCC third edition definitions, whereas cancers diagnosed from 2004 through 2007 were staged according to the sixth edition.
There are a higher proportion of pancreas cancer patients with an unknown stage because AJCC staging prior to 2004 is not avail-
able in SEER for these patients.
SD 5 standard deviation.
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Discussion

In a large, heterogeneous, nationally representative group

of elderly patients in a prospective cancer registry, we

found an independent association between new primary

diagnosis of cancer and subsequent stroke. As in the gen-

eral stroke population, most strokes were ischemic,

although the risk of hemorrhagic stroke was also

increased and remained elevated for longer. The height-

ened risk of stroke was greatest in the first 3 months

after cancer diagnosis and then slowly decreased over

time, supporting the biological plausibility of an associa-

tion between cancer and stroke given that cancer-

mediated hypercoagulability and the effects of cancer

therapy are generally greatest during this time

period.13,26 In addition, stroke risk appeared to correlate

with the general aggressiveness of the underlying cancer

type, as the risk was highest among patients with lung,

pancreas, and colorectal cancers who more often pre-

sented with advanced stage disease, and lowest among

patients with breast and prostate cancer who often had

localized tumor. This finding further supports the biolog-

ical plausibility of an association between cancer and

stroke because cancer-mediated hypercoagulability and

thrombotic risk are closely linked to cancer activity.27

Prostate cancer, which is generally speaking the least

aggressive cancer type we studied, was only weakly associ-

ated with ischemic stroke risk within the first 3 months

after cancer diagnosis, but was strongly associated with

hemorrhagic stroke risk, even up to 3 years after diagno-

sis. This difference in risk by stroke subtype may reflect

the pathophysiological differences between ischemic and

hemorrhagic stroke, as well as the effects of the standard

course and treatment of prostate cancer.

Prior studies have shown an increased risk of stroke

in patients with breast cancer, cervical cancer treated with

radiotherapy, head and neck cancer, lung cancer, and

remote Hodgkin lymphoma.7–11 However, these studies

were limited by relatively small sample sizes, single cancer

types, homogeneous populations, and likely incomplete

accounting for confounders. Conversely, a recent large

study from Sweden reported that patients diagnosed with

cancer of any type between 1987 and 2008 had a higher

incidence of stroke as compared to patients without can-

cer after adjusting for age, sex, time period, region, socio-

economic status, and comorbidities.12 Similar to our

study, the risk was highest soon after cancer diagnosis

and existed for both ischemic stroke and hemorrhagic

stroke. Although the Swedish study included a more

TABLE 2. Cumulative Incidence of Stroke, Stratified by Cancer Type

Time since Diagnosis of Cancera

Cancer Type 3 Months 6 Months 1 Year 2 Years 3 Years

Breast

Patients 1.5 (1.4–1.6) 2.3 (2.2–2.4) 3.9 (3.8–4.1) 6.3 (6.2–6.5) 8.4 (8.1–8.6)

Controls 1.1 (1.0–1.2) 2.1 (2.0–2.2) 3.9 (3.7–4.0) 6.7 (6.5–6.9) 8.9 (8.7–9.1)

Colorectal

Patients 3.3 (3.2–3.4) 4.7 (4.5–4.8) 6.2 (6.0–6.4) 8.4 (8.2–8.7) 10.1 (9.9–10.3)

Controls 1.3 (1.2–1.4) 2.4 (2.3–2.6) 4.6 (4.4–4.7) 8.0 (7.8–8.2) 10.4 (10.2–10.7)

Lung

Patients 5.1 (4.9–5.2) 6.6 (6.4–6.7) 8.1 (8.0–8.3) – –

Controls 1.2 (1.2–1.3) 2.4 (2.3–2.5) 4.4 (4.2–4.5) – –

Pancreas

Patients 3.4 (3.1–3.6) 4.3 (4.0–4.6) – – –

Controls 1.3 (1.1–1.5) 2.3 (2.1–2.6) – – –

Prostate

Patients 1.2 (1.1–1.3) 2.1 (2.0–2.2) 3.6 (3.5–3.8) 6.3 (6.2–6.5) 8.3 (8.1–8.5)

Controls 1.1 (1.0–1.2) 2.1 (2.0–2.2) 3.8 (3.6–3.9) 6.5 (6.4–6.7) 8.7 (8.5–8.8)

Cumulative incidence is reported as percentage (95% confidence interval).
aData are shown through the median period of follow-up for cancer patients for each cancer type up to a maximum of 3 years.
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FIGURE 1: Cumulative incidence of stroke in cancer patients compared to matched controls. Cumulative incidence is stratified
by cancer type: (A) breast, (B) colorectal, (C) lung, (D) pancreatic, (E) prostate. Competing risk survival statistics were used to
calculate incidence. Data are shown through the median period of follow-up for cancer patients for each cancer type up to a
maximum of 3 years; 95% confidence intervals are noted by dashed lines.
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homogenous population, its similar results strengthen the

validity and generalizability of our main finding that can-

cer is independently associated with subsequent stroke.

Cancer and its treatments routinely cause alterations

in platelet, coagulation, and endothelial function, which

in turn can cause thrombosis or hemorrhage.13,26 These

factors usually lead to venous thromboembolism, but

arterial events may occur as well.28–30 Although cancer-

mediated hypercoagulability has been described for cen-

turies, its exact mechanisms remain poorly understood.

Some potential prothrombotic mechanisms include

increased production of tissue factor and cancer procoa-

gulant, inflammatory cytokine release including vascular

endothelial growth factor, and tumor-cell adhesion and

activation of endothelium.13,26 The specific mechanisms

by which these alterations may lead to stroke are also

poorly understood. One common theory, which is sup-

ported by autopsy and transcranial Doppler microemboli

studies, is that the hypercoagulability of cancer leads to

the formation of nonbacterial thrombotic endocarditis, a

condition in which small, sterile, platelet-fibrin vegeta-

tions on normal cardiac valves embolize to the brain and

cause ischemic stroke.2,31,32 An alternative possibility is

that cancer predisposes to ischemic stroke through para-

doxical embolism of deep vein thromboses, which are

greatly increased with cancer. In addition, cancer and its

treatments may also predispose to hemorrhagic forms of

stroke through intratumoral hemorrhage, coagulopathy

from bone marrow suppression or liver dysfunction, and

disseminated intravascular coagulation.33 Our study

design did not allow evaluation of these mechanistic

hypotheses; further investigations will be needed to eluci-

date the biological mechanisms that link cancer to stroke.

This study has several limitations. First, because we

used SEER–Medicare data, we excluded patients younger

than 66 years, patients not enrolled in Medicare, and

patients enrolled in a Medicare managed care plan. Sec-

ond, our reliance on medical claims data may have led to

misclassification of events, but Medicare ICD-9-CM

codes have been shown previously to reliably identify

stroke and other cardiovascular outcomes with high spec-

ificity.22,34 Third, although we attempted to account for

TABLE 3. Relative Hazards of Stroke during Discrete Time Periods, Stratified by Cancer Type and Stroke Type

Stroke/Cancer Time Periods after Cancer Diagnosisa

Type 0–1 Months 1–3 Months 3–6 Months 6–9 Months 9–12 Months

All stroke

Breast 1.71 (1.48–1.99) 1.17 (1.03–1.32) 0.86 (0.77–0.96) 0.92 (0.82–1.04) 0.93 (0.83–1.04)

Colorectal 4.16 (3.66–4.72) 1.80 (1.62–2.00) 1.37 (1.25–1.51) 0.92 (0.83–1.03) 0.85 (0.75–0.95)

Lung 7.43 (6.65–8.29) 2.66 (2.42–2.91) 1.95 (1.79–2.12) 1.63 (1.47–1.80) 1.69 (1.51–1.88)

Pancreas 4.25 (3.32–5.45) 2.14 (1.73–2.65) 1.62 (1.31–2.01) – –

Prostate 1.25 (1.09–1.43) 0.97 (0.88–1.08) 0.96 (0.88–1.05) 0.90 (0.81–0.99) 0.93 (0.84–1.03)

Ischemic stroke

Breast 1.72 (1.47–2.00) 1.11 (0.98–1.26) 0.85 (0.76–0.96) 0.91 (0.81–1.03) 0.92 (0.81–1.04)

Colorectal 4.33 (3.80–4.94) 1.79 (1.61–2.00) 1.35 (1.22–1.49) 0.88 (0.79–0.99) 0.81 (0.72–0.91)

Lung 7.12 (6.35–7.99) 2.54 (2.31–2.79) 1.85 (1.69–2.02) 1.51 (1.35–1.68) 1.55 (1.39–1.74)

Pancreas 4.15 (3.22–5.36) 2.12 (1.70–2.64) 1.55 (1.25–1.93) – –

Prostate 1.22 (1.06–1.40) 0.97 (0.87–1.08) 0.94 (0.86–1.04) 0.88 (0.80–0.98) 0.90 (0.81–1.00)

Hemorrhagic stroke

Breast 1.67 (0.96–2.93) 2.23 (1.37–3.65) 0.97 (0.65–1.46) 1.07 (0.71–1.60) 1.03 (0.68–1.56)

Colorectal 2.17 (1.35–3.48) 1.88 (1.24–2.84) 1.67 (1.15–2.42) 1.58 (1.05–2.37) 1.55 (0.98–2.47)

Lung 11.06 (7.40–16.52) 4.75 (3.19–7.08) 3.43 (2.47–4.76) 3.30 (2.34–4.66) 3.54 (2.46–5.10)

Pancreas 6.00 (2.08–17.30) 2.44 (0.99–6.05) 3.59 (1.35–9.55) – –

Prostate 1.78 (1.03–3.07) 1.04 (0.71–1.54) 1.27 (0.88–1.83) 1.06 (0.74–1.52) 1.46 (1.00–2.14)

Relative hazards are reported as No. (95% confidence interval).
aData are shown through the median period of follow-up for each cancer type up to a maximum of 1 year.
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TABLE 4. Cumulative Incidence of Ischemic Stroke, Stratified by Cancer Type

Time since Diagnosis of Cancera

Cancer Type 3 Months 6 Months 1 Year 2 Years 3 Years

Breast

Patients 1.3 (1.3–1.4) 2.1 (2.0–2.2) 3.6 (3.5–3.7) 5.8 (5.6–6.0) 7.6 (7.4–7.8)

Controls 1.0 (0.9–1.1) 2.0 (1.9–2.1) 3.6 (3.5–3.7) 6.3 (6.1–6.4) 8.3 (8.1–8.5)

Colorectal

Patients 3.1 (3.0–3.3) 4.4 (4.2–4.5) 5.8 (5.6–6.0) 7.8 (7.6–8.0) 9.3 (9.1–9.5)

Controls 1.2 (1.1–1.3) 2.3 (2.2–2.4) 4.3 (4.2–4.5) 7.5 (7.3–7.7) 9.8 (9.6–10.1)

Lung

Patients 4.6 (4.4–4.7) 5.9 (5.8–6.1) 7.3 (7.1–7.5) – –

Controls 1.2 (1.1–1.2) 2.3 (2.2–2.4) 4.1 (4.0–4.2) – –

Pancreas

Patients 3.1 (2.9–3.4) 4.0 (3.7–4.3) – – –

Controls 1.2 (1.1–1.5) 2.2 (2.0–2.5) – – –

Prostate

Patients 1.1 (1.0–1.2) 1.9 (1.9–2.0) 3.3 (3.2–3.5) 5.8 (5.6–5.9) 7.6 (7.4–7.7)

Controls 1.0 (1.0–1.1) 1.9 (1.9–2.0) 3.5 (3.4–3.6) 6.1 (5.9–6.3) 8.1 (7.9–8.3)

Cumulative incidence is reported as percentage (95% confidence interval).
aData are shown through the median period of follow-up for cancer patients for each cancer type up to a maximum of 3 years.

TABLE 5. Cumulative Incidence of Hemorrhagic Stroke, Stratified by Cancer Type

Time since Diagnosis of Cancera

Cancer Type 3 Months 6 Months 1 Year 2 Years 3 Years

Breast

Patients 0.12 (0.10–0.15) 0.19 (0.16–0.22) 0.32 (0.28–0.37) 0.53 (0.48–0.59) 0.72 (0.65–0.78)

Controls 0.06 (0.04–0.08) 0.12 (0.10–0.16) 0.26 (0.22–0.30) 0.40 (0.38–0.50) 0.56 (0.50–0.60)

Colorectal

Patients 0.17 (0.14–0.21) 0.28 (0.24–0.32) 0.43 (0.38–0.48) 0.65 (0.59–0.71) 0.82 (0.75–0.88)

Controls 0.09 (0.07–0.10) 0.16 (0.13–0.19) 0.27 (0.23–0.31) 0.48 (0.43–0.54) 0.60 (0.54–0.66)

Lung

Patients 0.51 (0.46–0.56) 0.66 (0.60–0.71) 0.86 (0.80–0.92) – –

Controls 0.07 (0.05–0.09) 0.13 (0.11–0.16) 0.25 (0.22–0.29) – –

Pancreas

Patients 0.23 (0.16–0.30) 0.30 (0.20–0.40) – – –

Controls 0.07 (0.03–0.10) 0.10 (0.05–0.20) – – –

Prostate

Patients 0.09 (0.07–0.10) 0.16 (0.14–0.19) 0.30 (0.26–0.33) 0.53 (0.48–0.60) 0.73 (0.68–0.79)

Controls 0.07 (0.06–0.09) 0.12 (0.11–0.15) 0.24 (0.21–0.27) 0.42 (0.38–0.46) 0.57 (0.52–0.62)

Cumulative incidence is reported as percentage (95% confidence interval).
aData are shown through the median period of follow-up for cancer patients for each cancer type up to a maximum of 3 years.
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confounding by performing a robust and detailed match-

ing schema, our cases and controls may have differed in

regard to unmeasured confounders, which could have led

to a false association between stroke and cancer. How-

ever, this seems unlikely, as stroke risk increased dramati-

cally after cancer diagnosis and then decreased over time,

which would be unexpected if our results were due to

residual confounding. Similarly, it is unlikely that our

findings are due to detection bias (ie, cancer patients

monitored more closely resulting in more detected

strokes), because stroke risk was not uniform among can-

cer types and appeared instead to correlate with the gen-

eral aggressiveness of the underlying cancer. Fourth, we

did not have data on diagnostic evaluations (eg, echocar-

diography) or stroke etiology, and thus could not deter-

mine the biological mechanisms that account for the

association between cancer and stroke. Fifth, we were

unable to identify or selectively analyze patients with

Medicare Advantage plans; because these patients gener-

ally have increased healthcare benefits, their stroke risk

after cancer diagnosis may be different.

We found an increased risk of stroke after a new

cancer diagnosis, especially during the first 3 months

after diagnosis and predominantly with more advanced

malignancies. Our findings suggest that cancer may be

an underappreciated yet common risk factor for stroke.

Future studies will be needed to determine the precise

mechanisms by which cancer may be associated with

stroke, the need to include a cancer diagnosis in cardio-

vascular risk prediction instruments, and the optimal

strategies to prevent stroke in patients with cancer.

Acknowledgment

This study was supported by grant KL2TR000458-06

from the NIH National Center for Advanced Transla-

tional Sciences (B.B.N.) administered through the Weill

Cornell Clinical and Translational Science Center, the

Florence Gould Endowment for Discovery in Stroke

(B.B.N.), and grant P30CA008748 from the NIH

National Cancer Institute (A.S.R., K.S.P.).

We thank J. Kanik for his assistance in graphics

editing.

Potential Conflicts of Interest

Nothing to report.

References

1. Howlader N, Noone AM, Krapcho AM, et al. SEER cancer statistics
review, 1975–2011. Available at: http://seer.cancer.gov/csr/
1975_2011/. Accessed July 22, 2014.

2. Graus F, Rogers LR, Posner JB. Cerebrovascular complications in
patients with cancer. Medicine 1985;64:16–35.

3. Kim SG, Hong JM, Kim HY, et al. Ischemic stroke in cancer
patients with and without conventional mechanisms: a multicenter
study in Korea. Stroke 2010;41:798–801.

4. Navi BB, Singer S, Merkler AE, et al. Recurrent thromboembolic
events after ischemic stroke in patients with cancer. Neurology
2014;83:26–33.

5. Rogers LR. Cerebrovascular complications in patients with cancer.
Semin Neurol 2010;30:311–319.

6. Cestari DM, Weine DM, Panageas KS, et al. Stroke in patients
with cancer: incidence and etiology. Neurology 2004;62:2025–
2030.

7. Nilsson G, Holmberg L, Garmo H, et al. Increased incidence of
stroke in women with breast cancer. Eur J Cancer 2005;41:423–
429.

8. Chen PC, Muo CH, Lee YT, et al. Lung cancer and incidence of
stroke: a population-based cohort study. Stroke 2011;42:3034–
3039.

9. Tsai SJ, Huang YS, Tung CH, et al. Increased risk of ischemic
stroke in cervical cancer patients: a nationwide population-based
study. Radiat Oncol 2013;8:41.

10. De Bruin ML, Dorresteijn LD, van’t Veer MB, et al. Increased risk
of stroke and transient ischemic attack in 5-year survivors of
Hodgkin lymphoma. J Natl Cancer Inst 2009;101:928–937.

11. Chu CN, Chen SW, Bai LY, et al. Increase in stroke risk in patients
with head and neck cancer: a retrospective cohort study. Br J
Cancer 2011;105:1419–1423.

12. Zoller B, Ji J, Sundquist J, Sundquist K. Risk of haemorrhagic and
ischaemic stroke in patients with cancer: a nationwide follow-up
study from Sweden. Eur J Cancer 2012;48:1875–1883.

13. Caine GJ, Stonelake PS, Lip GY, Kehoe ST. The hypercoagulable
state of malignancy: pathogenesis and current debate. Neoplasia
2002;4:465–473.

14. Khorana AA, Fine RL. Pancreatic cancer and thromboembolic dis-
ease. Lancet Oncol 2004;5:655–663.

15. SEER-Medicare. SEER program and data. Available at: http://
appliedresearch.cancer.gov/seermedicare/aboutdata/program.html.
Accessed June 17, 2014.

16. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method
of classifying prognostic comorbidity in longitudinal studies:
development and validation. J Chronic Dis 1987;40:373–383.

17. Deyo RA, Cherkin DC, Ciol MA. Adapting a clinical comorbidity
index for use with ICD-9-CM administrative databases. J Clin Epi-
demiol 1992;45:613–619.

18. Klabunde CN, Potosky AL, Legler JM, Warren JL. Development of
a comorbidity index using physician claims data. J Clin Epidemiol
2000;53:1258–1267.

19. Quan H, Sundararajan V, Halfon P, et al. Coding algorithms for
defining comorbidities in ICD-9-CM and ICD-10 administrative
data. Med Care 2005;43:1130–1139.

20. SEER-Medicare. Calculation of comorbidity weights. Available at:
http://appliedresearch.cancer.gov/seermedicare/program/comorbi
dity.html. Accessed July 22, 2014.

21. Tirschwell DL, Longstreth WT Jr. Validating administrative data in
stroke research. Stroke 2002;33:2465–2470.

22. Lakshminarayan K, Larson JC, Virnig B, et al. Comparison of Medi-
care claims versus physician adjudication for identifying stroke
outcomes in the Women’s Health Initiative. Stroke 2014;45:815–
821.

23. Parpia S, Julian JA, Thabane L, et al. Competing events in
patients with malignant disease who are at risk for recurrent
venous thromboembolism. Contemp Clin Trials 2011;32:829–833.

Navi et al: Stroke Risk in Cancer Patients

February 2015 299



24. Gray RJ. A class of K-sample tests for comparing the cumulative
incidence of a competing risk. Ann Stat 1988;16:1141–1154.

25. Go AS, Mozaffarian D, Roger VL, et al. Heart disease and stroke
statistics—2013 update: a report from the American Heart Associ-
ation. Circulation 2013;127:e6–e245.

26. Dammacco F, Vacca A, Procaccio P, et al. Cancer-related coagul-
opathy (Trousseau’s syndrome): review of the literature and expe-
rience of a single center of internal medicine. Clin Exp Med 2013;
13:85–97.

27. Blom JW, Doggen CJ, Osanto S, Rosendaal FR. Malignancies,
prothrombotic mutations, and the risk of venous thrombosis.
JAMA 2005;293:715–722.

28. Uchiyama T, Matsumoto M, Kobayashi N. Studies on the pathoge-
nesis of coagulopathy in patients with arterial thromboembolism
and malignancy. Thromb Res 1990;59:955–965.

29. Saphner T, Tormey DC, Gray R. Venous and arterial thrombosis in
patients who received adjuvant therapy for breast cancer. J Clin
Oncol 1991;9:286–294.

30. Sack GH Jr, Levin J, Bell WR. Trousseau’s syndrome and other
manifestations of chronic disseminated coagulopathy in patients
with neoplasms: clinical, pathophysiologic, and therapeutic fea-
tures. Medicine 1977;56:1–37.

31. Rogers LR, Cho ES, Kempin S, Posner JB. Cerebral infarction from
non-bacterial thrombotic endocarditis. Clinical and pathological
study including the effects of anticoagulation. Am J Med 1987;83:
746–756.

32. Seok JM, Kim SG, Kim JW, et al. Coagulopathy and embolic sig-
nal in cancer patients with ischemic stroke. Ann Neurol 2010;68:
213–219.

33. Navi BB, Reichman JS, Berlin D, et al. Intracerebral and subarach-
noid hemorrhage in patients with cancer. Neurology 2010;74:494–
501.

34. Birman-Deych E, Waterman AD, Yan Y, et al. Accuracy of ICD-9-
CM codes for identifying cardiovascular and stroke risk factors.
Med Care 2005;43:480–485.

ANNALS of Neurology

300 Volume 77, No. 2


