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Recurrent thromboembolic events after

ischemic stroke in patients with cancer
[

ABSTRACT

Objective: To determine the cumulative rate and characteristics of recurrent thromboembolic
events after acute ischemic stroke in patients with cancer.

Methods: We retrospectively identified consecutive adult patients with active systemic cancer
diagnosed with acute ischemic stroke at a tertiary-care cancer center from 2005 through
2009. Two neurologists independently reviewed all electronic records to ascertain the composite
outcome of recurrent ischemic stroke, myocardial infarction, systemic embolism, TIA, or venous
thromboembolism. Kaplan-Meier statistics were used to determine cumulative outcome rates.
In exploratory analyses, Cox proportional hazard analysis was used to evaluate potential indepen-
dent associations between a priori selected clinical factors and recurrent thromboembolic events.

Results: Among 263 study patients, complete follow-up until death was available in 230 (87%).
Most patients had an adenocarcinoma as their underlying cancer (60%) and had systemic metas-
tases (69%). Despite a median survival of 84 days (interquartile range 24-419 days), 90 patients
(84%:; 95% confidence interval 28%-40%) had 117 recurrent thromboembolic events, consist-
ing of 57 cases of venous thromboembolism, 36 recurrent ischemic strokes, 13 myocardial
infarctions, 10 cases of systemic embolism, and one TIA. Kaplan-Meier rates of recurrent throm-
boembolism were 21%, 31%, and 37% at 1, 3, and 6 months, respectively; cumulative rates of
recurrent ischemic stroke were 7%, 13%, and 16%. Adenocarcinoma histology (hazard ratio
1.65, 95% confidence interval 1.02-2.68) was independently associated with recurrent
thromboembolism.

Conclusions: Patients with acute ischemic stroke in the setting of active cancer (especially ade-
nocarcinoma) face a substantial short-term risk of recurrent ischemic stroke and other types of
thromboembolism. Neurology® 2014;83:26-33

GLOSSARY

Cl = confidence interval; HR = hazard ratio; ICD-9-CM = International Classification of Diseases, ninth revision, Clinical
Modification; IQR = interquartile range; mRS = modified Rankin Scale; MSKCC = Memorial Sloan-Kettering Cancer Center;
NBTE = nonbacterial thrombotic endocarditis; TOAST = Trial of Org 10172 in Acute Stroke Treatment Study.

Cancer often causes a hypercoagulable state. This is due to various intrinsic and extrinsic mech-
anisms, including the secretion of procoagulant substances by tumor cells, endothelial dysfunction
caused by the release of inflammatory cytokines from native immune cells, and complications of
cancer therapy.'™ As a result, patients with cancer frequently have arterial and venous thrombo-
embolic events, including ischemic stroke, which is the second most common brain lesion in
patients with cancer and occasionally serves as its initial presentation.”™®

Patients with cancer who develop ischemic strokes often have metastatic disease and may be
at high risk for other thromboembolic events.”"® Their cause of stroke frequently differs from
the general population and is commonly attributed to unconventional mechanisms related to
hypercoagulability, such as nonbacterial thrombotic endocarditis (NBTE).>®!®'" Transcranial
Doppler ultrasound frequently demonstrates high rates of microemboli in patients with cancer
and stroke, suggesting that these patients are at high risk of recurrent stroke.'> However, to the
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authors’ knowledge, only one study has previ-
ously reported the risk of recurrent ischemic
stroke in patients with active cancer, and this
study is limited by a small and outdated
cohort.”” In addition, no large-scale study
has systematically evaluated the incidence or
characteristics of recurrent thromboembolic
events in this study population.

We therefore conducted a retrospective
cohort study to delineate the rate, type, and
potential predictors of recurrent thromboembo-
lism in patients with cancer and acute ischemic
stroke. Our a priori study hypotheses were that
recurrent thromboembolic events (including
recurrent stroke) are very common in patients
with active cancer and stroke, and that NBTE
is associated with an increased risk of recurrence
because it is a direct manifestation of cancer-

mediated hypercoagulability.

METHODS Study design. This was a retrospective cohort
study of patients with active systemic cancer diagnosed with acute
ischemic stroke in inpatient and emergency department settings at
the Memorial Sloan-Kettering Cancer Center (MSKCC). Patients
initially diagnosed with stroke at an outside hospital and
subsequently transferred to MSKCC for further inpatient care
were included in the study, while patients initially diagnosed with
stroke at other centers and subsequently evaluated by MSKCC
physicians solely as an outpatient were excluded because these
patients often had incomplete diagnostic evaluations. MSKCC is
an urban, tertiary-care hospital specializing in the care of patients
with confirmed or suspected cancer. Although it is not a primary
stroke center, patients treated at MSKCC often receive all their
medical care there and are closely followed for adverse events; all
patient records, including those from outside facilities, are
comprehensively collected in electronic format. Furthermore,
MSKCC patients diagnosed with stroke at other facilities are often
transferred to MSKCC for completion of their stroke evaluation.

Standard protocol approvals, registrations, and patient
consents. The MSKCC Institutional Review Board approved
this study; the need for informed consent was waived because

of minimal risk to patients.

Study subjects. We identified consecutive adult patients (age 18
years or older) with active systemic cancer who were diagnosed with
an acute ischemic stroke at MSKCC from January 1, 2005 through
December 31, 2009. Active systemic cancer was defined, as in pre-
vious studies, as a diagnosis of or treatment for any systemic cancer
besides local basal cell or squamous cell carcinoma of the skin
within the previous 6 months, or known recurrent or metastatic
disease'®'*'%; patients with primary CNS tumors were excluded.
Acute ischemic stroke was defined as any new neurologic deficit
with corresponding MRI evidence of acute ischemia and no clinical
or radiologic indication of a noncerebrovascular etiology. Specific
MRI characteristics and protocols used to diagnose stroke are
defined in appendix e-1 on the Neurology® Web site at
Neurology.org. Patients diagnosed with stroke solely on the basis
of CT were excluded given the nonspecific nature of CT lesions in

patients with cancer and the resultant possibility of diagnostic error.

We screened for patients by searching MSKCC’s administrative
databases for /CD-9-CM codes for ischemic stroke (codes 433.
01, 433.11, 433.21, 433.31, 433.81, 433.91, 434.01, 434.11,
and 434.91), and by reviewing the Department of Neurology’s
comprehensive clinical database for any patients diagnosed with
“stroke,” “ischemic stroke,” or “transient ischemic attack.” All
charts identified in this manner were then reviewed by a board-

certified neurologist to determine eligibility.

Measurements. A reviewing neurologist certified in calculating
the modified Rankin Scale (mRS) score'® collected data about
patients’ demographics, vascular risk factors, use of antithrom-
botic agents, type of cancer, presence of metastases, cancer treat-
ments, D-dimer levels, vascular imaging, echocardiography, mRS
score at discharge, and hospital disposition. In line with guide-
lines for retrospective cohort studies, data were collected on stan-
dardized abstraction forms that underwent several modifications
before formal use based on mock abstractions and investigator
meetings.'®'” In addition, all abstracted variables were defined in
advance in a data dictionary for use by the study neurologists
during chart review.

Two board-certified neurologists determined by consensus
the index stroke’s specific mechanism, if known; the index stroke
subtype according to the modified TOAST (Trial of Org 10172
in Acute Stroke Treatment Study) criteria'®; and whether the
stroke was due to a known (termed conventional in prior reports
in this area) mechanism such as large-artery atherosclerosis, small-
vessel occlusion, or atrial fibrillation.''* Specific details regarding
the methods used by reviewing neurologists to determine stroke

mechanisms are provided in appendix e-1.

Outcomes. Comprehensive medical records, including all inpa-
tient and outpatient encounters, were reviewed from the initial
hospitalization through July 31, 2012 to ascertain outcomes.
The primary outcome was a recurrent thromboembolic event
defined as a composite of any recurrent ischemic stroke, TIA,
myocardial infarction, systemic embolism, deep vein thrombosis,
or pulmonary embolism. Secondary outcomes were recurrent
ischemic stroke, intracranial hemorrhage, symptomatic intracra-
nial hemorrhage, major bleeding, and death. All outcomes are

defined in detail in appendix e-1.

Statistical analysis. Descriptive statistics were used to character-
ize patients’ baseline characteristics and crude outcome rates.
Kaplan-Meier  survival = statistics were used to calculate
cumulative outcome rates. Patients were censored at the time of
an outcome of interest, last available follow-up visit, or death.
Multivariable Cox proportional hazard analysis was used to
explore potential predictors of recurrent thromboembolism.
Based on the results of previous studies and anticipated sample
and effect sizes, the following clinical variables plus age and sex
were selected a priori: hypertension, adenocarcinoma histology,
known systemic metastases, unconventional stroke mechanism,
chemotherapy within 30 days, suspected or confirmed NBTE,
and lung cancer.'"'>!"*? Stepwise reverse selection was used to
remove variables whose independent association with recurrent
thromboembolism was not significant at a threshold of p <
0.20. In the final model, the threshold of statistical significance
was p < 0.05.

In an exploratory manner, we used the final model above to
perform 2 additional Cox proportional hazards analyses of the
association between the type of antithrombotic therapy (e.g.,
therapeutic-dose anticoagulation vs antiplatelet agents) and the
hazard of (1) recurrent thromboembolism and (2) death. Patients
were assigned to the anticoagulation group if at the time of hos-

pital discharge they were receiving any therapeutic-dose
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anticoagulant including warfarin, low-molecular-weight heparin
or another heparin derivative, or any factor Xa or direct thrombin
inhibitor. Conversely, patients were assigned to the antiplatelet
group if they were treated with aspirin, clopidogrel, or dipyridam-
ole and no therapeutic-dose anticoagulation.

Additional exploratory analyses were performed to analyze the
effect of recurrent thromboembolism on survival; these methods are
described in appendix e-1. All statistical analyses were performed

using Stata MP version 12 (StataCorp, College Station, TX).

RESULTS Description of the cohort. The final cohort
comprised 263 patients and complete follow-up until
death was available in 230 (87%). The median
number of follow-up encounters was 5 (interquartile
range [IQR] 1-22) and the median number of
encounters per month was 1.1 (IQR 0.2-2.0). Among
patients who survived their index stroke hospitalization,
the median number of follow-up encounters was 7 IQR
1-24) and the median number of encounters per month
was 1.2 (IQR 0.4-2.1). Mean age was 60 years (SD 12)
and 49% were women. Vascular risk factors were
common (table 1). Most patients had solid tumors,
particularly of the lung (32%) and gastrointestinal tract
(25%). Adenocarcinoma histology was frequent (60%).
Cancer was widespread in most patients, with 69%
having known metastases. Median time from diagnosis
of underlying cancer to index stroke was 9.7 months
(IQR 2.3-30.8 months). Stroke was the initial
manifestation of patients’ underlying cancer in only
one patient; however, 32 patients (12%) were
diagnosed with their index stroke within 1 month of
cancer diagnosis. D-Dimer was measured in 36
patients within 72 hours of their index stroke, and was
elevated in 18 (50%; 95% confidence interval [CI]
33%-67%); the median level was 2.32 pg/mL (IQR
1.01-7.69 pg/mL).

The mechanism of the index stroke could not be
determined in 51% of patients (table 2) despite
generally thorough diagnostic evaluations, with most
patients undergoing echocardiography (82% trans-
thoracic, 14% transesophageal, and 84% either), cra-
nial and neck vessel imaging (76%), and inpatient
cardiac rhythm analysis (100%). The rate of echocar-
diography and vessel imaging was significantly higher
in patients who lived past 30 days from their index
stroke than in those who died within 30 days (echo-
cardiography, 90% vs 68%, p < 0.001; vessel imag-
ing, 85% vs 55%, p < 0.001). Stroke mechanisms
according to TOAST criteria comprised 22% cardi-
oembolism, 15% large-artery atherosclerosis, 8%
small-vessel occlusion, 5% other determined causes,
and 51% undetermined. Confirmed strokes from
cancer-related hypercoagulable mechanisms such as
NBTE (n = 10) and disseminated intravascular coag-
ulation (n = 2) were rare (5%), but many patients
with cryptogenic stroke were suspected to have
NBTE (76 patients, 57% of cryptogenic group)
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because their underlying cancer was advanced or
had adenocarcinoma histology and their strokes had
cardioembolic radiographic appearances (i.e., wedge-
shaped or cortical infarctions in multiple vascular
territories).”**> The median mRS score at hospital
discharge was 3 (IQR 2-5), and most patients were
discharged home (56%). In-hospital mortality was
13%.

Rate of outcomes. Despite a median survival of 84 days
(IQR 24-419 days), 117 cases of recurrent thrombo-
embolism occurred in 90 patients (34%), consisting
of 40 cases of deep vein thrombosis, 36 recurrent
ischemic strokes, 17 cases of pulmonary embolism,
13 myocardial infarctions, 10 cases of systemic embo-
lism, and one TIA. Most (76%) of these events were
diagnosed in the emergency room or inpatient setting
at MSKCC. In addition, most (n = 65, 56%) were
diagnosed at a clinical encounter after hospital dis-
charge for index stroke. Adenocarcinoma histology
was more common in patients with recurrent throm-
boembolism than in those without recurrent throm-
boembolism (68% vs 56%, p = 0.07), as was
adenocarcinoma histology with known systemic
metastases (57% vs 43%, p = 0.04). Cumulative
rates of recurrent thromboembolism were 21%
(95% CI 17%-27%), 31% (95% CI 25%-38%),
and 37% (95% CI 30%—44%) at 1, 3, and 6 months,
respectively (figure 1). The corresponding cumulative
rates of recurrent ischemic stroke were 7% (95% CI
4%-11%), 13% (95% CI 9%-19%), and 16%
(95% CI 11%-22%) (figure 2). Given concern that
these high rates could be attributable to bias from an
especially sick cohort treated at a tertiary-care cancer
hospital, we performed a post hoc Kaplan-Meier
analysis of recurrent ischemic stroke limited to
patients without known systemic metastases; the
rates of recurrent ischemic stroke in these patients
were lower but still high: 4% (95% CI 1%-11%)
at 1 month, 7% (95% CI 3%-16%) at 3 months,
and 11% (95% CI 5%-21%) at 6 months. Crude
rates of bleeding outcomes were low: any intracranial
hemorrhage in 8 patients (3%), symptomatic
intracranial hemorrhage in 7 patients (3%), and
major bleeding in 11 patients (4%).

Predictors of outcomes. In multivariable ana.lysis, Only
adenocarcinoma histology was independently associ-
ated with recurrent thromboembolism (hazard ratio
[HR] 1.65, 95% CI 1.02-2.68), although there were
notable but statistically nonsignificant associations
with suspected or confirmed NBTE (HR 1.53, 95%
CI 0.96-2.44) and recent chemotherapy (HR 1.33,
95% CI 0.87-2.03) (figure 3). In an exploratory anal-
ysis comparing rates of recurrent thromboembolism in
those receiving antiplatelet vs anticoagulant therapy,
there was no significant difference between groups



Table 1 Characteristics of patients with active systemic cancer and acute ischemic stroke, stratified by
recurrent thromboembolic events

Total Recurrent thromboembolism No recurrent thromboembolism
(n = 263)* (n = 90) (h=173) p Value
Age, y, mean (SD) 66 (12) 66 (11) 66 (12) 0.89
Women, n (%) 128 (49) 50 (56) 78 (45) 0.11
Race-ethnicity, n (%)
White 211 (81) 70 (78) 141 (82) 0.42
Black 27 (10) 7 (8) 20 (12) 0.33
Asian 13 (5) 4 (4) 9 (5) 0.78
Hispanic 10 (4) 8(9) 2(1) 0.002
Other 2(1) 1 (0) 1(1) 0.64
Comorbidities, n (%)
Hypertension 147 (56) 48 (53) 99 (57) 0.55
Hyperlipidemia 104 (40) 34 (38) 70 (40) 0.67
Diabetes mellitus 52 (20) 18 (20) 34 (20) 0.95
Coronary artery disease 42 (16) 12 (13) 30(17) 0.40
Atrial fibrillation 23 (9) 6 (7) 17 (10) 0.39
Prior stroke 19 (7) 5 (6) 14 (8) 0.45
Current smoking 14 (5) 8(9) 6 (3) 0.06
Cancer type, n (%)
Lung 83 (32) 27 (30) 56 (32) 0.70
Gastrointestinal 66 (25) 17 (19) 49 (28) 0.09
Colorectal 12 (5) 3(3) 9 (5) 0.49
Genitourinary 31 (12) 15(17) 16 (9) 0.08
Prostate 11 (4) 6 (7) 5(3) 015
Other solid 20 (8) 4 (4) 16 (9) 0.16
Breast 18(7) 9 (10) 9 (5) 0.14
Gynecologic 17 (6) 9 (10) 8 (5) 0.09
Lymphoma 12 (5) 7 (8) 5(3) 0.07
Leukemia 8(3) 0(0) 8 (5) 0.04
Other hematologic 5(2) 2(2) 3(2) 0.78
Melanoma 3(1) 0(0) 3(2) 021
Cancer status, n (%)
Systemic metastases 182 (69) 67 (74) 115 (66) 0.40
Recent treatment® 148 (56) 54 (60) 94 (54) 0.38
Chemotherapy 113 (43) 45 (50) 68 (39) 0.10
Biological 19 (7) 7 (8) 12 (7) 0.80
Radiotherapy 16 (6) 2(2) 14 (8) 0.06
Antiangiogenesis 14 (5) 6 (7) 8 (5) 0.48
Discharge medicines, n (%)
Any antithrombotic® 172 (65) 65 (72) 107 (62) 0.09
Antiplatelet 102 (39) 38 (42) 64 (37) 0.41
Aspirin 92 (35) 35 (39) 57 (33) 0.34
Anticoagulant 90 (34) 36 (40) 54 (31) 0.15
LMWH 79 (30) 31 (34) 48 (28) 0.26

Abbreviation: LMWH = low-molecular-weight heparin.

2 Percentages have been rounded up, thus some total values may exceed 100.

b Some patients were treated with multiple types of treatment (i.e., chemotherapy and radiotherapy); recent treatment is
defined as treatment within 30 days of index stroke.

©Some patients were treated with both antiplatelet and anticoagulant agents.
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Table 2 Index stroke mechanism in patients
with active systemic cancer and acute

ischemic stroke

Specific stroke mechanism No. (%)2
Cryptogenic 133 (51)
Atrial fibrillation 34 (13)
Extracranial large-artery atherosclerosis 22 (8)
Small-vessel disease 20 (8)
Intracranial large-artery atherosclerosis 18 (7)
Nonbacterial thrombotic endocarditis 10 (4)
Paradoxical embolism 7 (3)
Cardiomyopathy 4(2)
Cardiac thrombus 3(1)
Extrinsic compression of artery by tumor 3(1)
Infectious endocarditis 2(1)
Disseminated intravascular coagulation 2(1)
Other® 5(2)

2Percentages have been rounded up, thus the total value
exceeds 100.
b Other diagnoses consisted of aortic arch atheroma, vas-
culitis, arterial dissection, cerebral vein thrombosis, and
cardiac tumor.

(HR 1.19, 95% CI 0.72-1.97). Similarly, type of an-
tithrombotic therapy was not associated with death
(HR 1.03, 95% CI 0.75-1.42).

In Cox proportional hazard analysis, recurrent
thromboembolism was associated with higher mortal-
ity (HR 2.12, 95% CI 1.61-2.80; figure e-1), includ-
ing in analyses restricted to patients with
adenocarcinomas (HR 2.22, 95% CI 1.58-3.12).

Figure 1

Proportion free of
recurrent thromboembolism

Number at risk

Cumulative rate of recurrent thromboembolism in patients with cancer
and acute ischemic stroke
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Kaplan-Meier plot of survival free of recurrent thromboembolic events defined as a compos-
ite of any recurrent ischemic stroke, TIA, myocardial infarction, systemic embolism, deep
vein thrombosis, or pulmonary embolism.
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DISCUSSION In this large, retrospective cohort study,
we found that patients with acute ischemic stroke in the
setting of active systemic cancer face very high rates of
recurrent thromboembolism despite a median survival
of only 84 days. Recurrent thromboembolism in these
patients consisted of both arterial and venous events,
including recurrent ischemic stroke, which accounted
for 31% of all thromboembolic events. In addition,
recurrent thromboembolism appeared to negatively
affect survival, increasing the hazard of death approxi-
mately 2-fold. Adenocarcinoma histology was the
only clinical variable independently associated with
recurrent thromboembolism in our cohort, although
there were also notable but statistically nonsignificant
associations with suspected or confirmed NBTE and
recent chemotherapy.

The mechanism of stroke in cancer patients is
often undetermined, although we and other investiga-
tors suspect that many patients with cryptogenic
strokes have NBTE as their underlying stroke mech-
anism.>> NBTE arises from cancer-mediated hyper-
coagulability and consists of sterile, small (<5 mm)
platelet-fibrin vegetations on normal cardiac valves.?
Because these lesions are small and prone to emboli-
zation, they are rarely detected by echocardiography,
including transesophageal studies.”” A large autopsy
study demonstrated that NBTE is the leading cause
of symptomatic ischemic stroke in patients with can-
cer, typically occurring in those with disseminated
cancer, particularly from adenocarcinoma.’ Strokes
from NBTE generally result in diffuse, small- to
moderate-size embolic cerebral infarctions,?>?® which
was the radiographic infarct pattern seen in most
patients with cryptogenic stroke in our cohort. How-
ever, the infarct pattern seen in these patients could
also have arisen from undetected atrial fibrillation or
other conventional cardiac sources. Furthermore,
some of these patients could have had thrombus for-
mation directly within the cerebral arteries, but this is
unlikely because a prior transcranial Doppler study in
patients with cancer and acute ischemic stroke dem-
onstrated embolic signals in 58% of those with cryp-
togenic stroke.'?

The cumulative rate of recurrent ischemic stroke
in patients with cancer appears to be considerably
higher than in the general stroke population. The
3- and 6-month cumulative rates of recurrent ische-
mic stroke in our cohort were approximately 3 times
the overall rates seen in a recent large study of patients
with ischemic stroke, thereby highlighting the unique
susceptibility of patients with cancer to recurrent
ischemic stroke.?” A prior study of 33 patients with
active cancer and ischemic stroke at a tertiary-care
center from 1988 to 1992 reported a 6% recurrent
stroke rate, but data from this study are limited by the
small and outdated cohort and likely poor diagnostic



Cumulative rate of recurrent ischemic stroke in patients with cancer
and acute ischemic stroke
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ascertainment—there is no mention of methods or
degree of patient follow-up.'? Therefore, while previ-
ous studies have shown that venous thromboembolism
is more common after stroke in general,'*?! to our
knowledge, this is the first study to demonstrate that
arterial thromboembolic events also frequently occur
after ischemic stroke in patients with active cancer.
Antithrombotic therapy type did not seem to affect
outcome rates in our study, but because this was a non-
randomized study, these results may be attributable to
indication bias, in that patients with a higher likelihood
of recurrent thromboembolism may have been prefer-
entially treated with anticoagulation (mostly with

Figure 3 Cumulative rate of recurrent thromboembolism stratified by
adenocarcinoma histology in patients with cancer and stroke
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Kaplan-Meier plot of survival free of recurrent thromboembolic events, stratified by adeno-
carcinoma histology. Recurrent thromboembolic events were defined as a composite of
recurrent ischemic stroke, TIA, myocardial infarction, systemic artery thrombosis, deep vein
thrombosis, or pulmonary embolism.

low-molecular-weight heparins because these agents
are superior to warfarin for cancer-mediated venous
thromboembolism)."* Only randomized trials, such
as one that we are currently conducting at MSKCC
(clinicaltrials.gov identifier NCT01763606), compar-
ing anticoagulation to antiplatelet therapy will be able
to determine the optimal antithrombotic strategy for
these patients.

Adenocarcinoma  histology independently pre-
dicted recurrent thromboembolism in our cohort and
has been shown previously to be associated with trans-
cranial Doppler microemboli in patients with cancer
and ischemic stroke.'? Patients with adenocarcinoma
may be more prone to developing cancer-mediated
hypercoagulability or “Trousseau syndrome,” which
is historically notable because both Trousseau and
the patient in whom he first described this disorder
had visceral adenocarcinomas.>*

This study has several important limitations. First,
it was a single-center study conducted at an urban,
tertiary-care cancer hospital, and its results may not
be applicable to other settings. Second, although
MSKCC closely follows its patients and vigorously
pursues patients’ medical records from outside facili-
ties, data were collected retrospectively and outcomes
were determined based on clinical diagnoses; there-
fore, some outcomes of interest may have been missed
and our recurrent thromboembolism rates may be
underestimated. For instance, there were few TIA
outcomes in our study, which may be attributable
to underdiagnosis, or alternatively may reflect our
prespecified diagnostic ascertainment strategy that
prioritized specificity over sensitivity. In addition,
MSKCC is not a certified primary stroke center, so
recurrent stroke rates may be especially prone to
underestimation, because some patients with recur-
rent stroke may have been preferentially transported
to and diagnosed at primary stroke centers. Third,
diagnostic evaluations were not standardized; 24%
of patients did not have vessel imaging and 16%
did not have echocardiography, which may partly
account for the high rate of cryptogenic stroke.
Fourth, patient follow-up in our study was not per-
formed in a prospective, systematic manner, so some
patients may have been lost to follow-up, which could
have introduced misclassification bias leading to an
error in cumulative outcome rates. However, this is
unlikely given that 87% of our patients had follow-up
until death, and it would not have affected our high
crude outcome rates. Fifth, based on the width of the
Cls, our exploratory multivariable analysis may have
been underpowered to detect some clinically mean-
ingful associations. Sixth, we did not collect long-
term functional data and thus could not determine
the impact of recurrent thromboembolism on long-
term functional status.
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Patients with cancer and acute ischemic stroke face
a very high risk of stroke recurrence and other forms
of thromboembolism, even though typical life expec-
tancies are short. Adenocarcinoma histology may
increase the risk of recurrent thromboembolism even
further. Our findings should be confirmed in a pro-
spective, community-based cohort. If confirmed,
these clinical observations may be helpful in motivat-
ing further research into the fundamental pathophys-
iologic mechanisms underlying ischemic stroke
in patients with cancer, and guiding attempts to
improve preventive therapy for this disabling compli-
cation of an already serious disease.
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