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Background and Purpose Mechanical thrombectomy (MT) is the standard treatment for large
vessel occlusion (LVO) acute ischemic stroke. Patients with active malignancy have an increased
risk of stroke but were excluded from MT trials.

Methods We searched the National Readmission Database for LVO patients treated with MT
between 2016-2018 and compared the characteristics and outcomes of cancer-free patients to
those with metastatic cancer (MC). Primary outcomes were all-cause in-hospital mortality and
favorable outcome, defined as a routine discharge to home (regardless of whether home services
were provided or not). Multivariate regression was used to adjust for confounders.

Results Of 40,537 LVO patients treated with MT, 933 (2.3%) had MC diagnosis. Compared to
cancer-free patients, MC patients were similar in age and stroke severity but had greater overall
disease severity. Hospital complications that occurred more frequently in MC included pneumonia,
sepsis, acute coronary syndrome, deep vein thrombosis, and pulmonary embolism (P<0.001). Patients
with MC had similar rates of intracerebral hemorrhage (20% vs. 21%) but were less likely to receive
tissue plasminogen activator (13% vs. 23%, P<0.001). In unadjusted analysis, MC patients as
compared to cancer-free patients had a higher in-hospital mortality rate and were less likely to be
discharged to home (36% vs. 42%, P=0.014). On multivariate regression adjusting for confounders,
mortality was the only outcome that was significantly higher in the MC group than in the cancer-
free group (P<0.001).

Conclusion LVO patients with MC have higher mortality and more infectious and thrombotic
complications than cancer-free patients. MT nonetheless can result in survival with good outcome
in slightly over one-third of patients.
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Introduction

Acute ischemic stroke (AIS) is common in patients with active
malignancy, occurring in 15% of all cancer patients.' The inci-
dence of cancer-related AlS is proportional to survival time,
which exposes patients to an increased risk of cancer-related
hypercoagulability.'

Patients with cancer tend to be excluded from receiving tis-
sue plasminogen activator (tPA) as they carry a high risk for
bleeding secondary to brain metastases, thrombocytopenia, co-
agulopathy, therapeutic anticoagulation, and recent surgeries.”*
Given these limitations, understanding the outcomes and risks
of mechanical thrombectomy (MT) in cancer patients may help
make decision for MT.

Patients with cancer and reduced life expectancy were exclud-
ed or underrepresented from the seminal clinical trials that estab-
lished the efficacy of MT for large vessel occlusion (LVO) stroke."
Several small single-center cohort studies have addressed MT in
cancer patients, with the number of patients treated with MT
ranging from 19 to 27.°"* These studies have demonstrated that
MT is feasible, but have shown inconsistent results with regard
to procedural effectiveness, mortality, disability, and the rate of
hemorrhagic transformation compared to non-cancer MT-treat-
ed patients.”"” In a more recent analysis of the multicenter Euro-
pean MR CLEAN (Multicenter Randomized Clinical Trial of Endo-
vascular Treatment for Acute Ischemic Stroke in The Netherlands)
registry; 4.8% of patients undergoing MT had active cancer.’ De-
spite similar technical success, cancer patients had higher mor-
tality and greater disability than cancer-free patients, but none-
theless about one-quarter of the patients regained functional
independence.

Our study aimed to investigate the outcomes and in-hospital
complications of patients with metastatic cancer (MC) treated
with MT for LVO AIS in a large, cross-sectional USA nationwide
database. Our hypothesis was that thrombectomy in MC patients
results in a comparable rate of discharge to home compared to
cancer-free LVO patients, despite higher in-hospital mortality.

Methods

Data source

This is a retrospective cohort study using the Agency for Health-
care Cost and Utilization Project (HCUP) Nationwide Readmission
Database (NRD) for the years 2016-2018." The NRD is the larg-
est publicly-available all-payer inpatient health care readmis-
sion database in the USA. The NRD is drawn from HCUP state in-
patient databases containing verified patient linkage numbers
that can be used to track a person across hospitals within a state
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while adhering to strict privacy guidelines. It provides longitu-
dinal information about patients' initial hospitalization and sub-
sequent readmissions in a calendar year. It contains a weighted
sample of hospitalizations in the USA, which can be used to de-
rive national estimates of various hospitalizations directly. All
authors who worked directly with the data set underwent a data
handling and training module required by HCUP. Data are avail-
able to be shared by the authors upon reasonable request. A
checklist of the REporting of studies Conducted using Observa-
tional Routinely collected health Data (RECORD) items to be
reported in observational studies using routinely collected health
data is provided in Supplementary Table 1. Due to the anony-
mous nature of this administrative database of hospital admis-
sions, neither local institutional review board nor patient con-
sent were required.

Study population

Our primary study population was all USA admissions for incident
AIS who underwent MT during the 3-year study period. Index
admission was defined as the first admission with the primary
diagnosis of AIS during the study period; subsequent admissions
for stroke were not included. Admissions were excluded if age
was <18 years, the patient had a prior history of stroke, or the
file had missing data. In the NRD, patient identifiers cannot be
linked across years; hence index admissions on October 1st or
beyond were excluded to allow a minimum of 3 months of fol-
low-up. In accordance with the HCUP data user agreement, we
excluded reporting any variables containing a small number of
observations (<10) that could pose a risk of personal identifica-
tion or a data privacy violation.

For analysis, we divided the cohort into two groups. We se-
lected MC as the diagnosis of interest to ensure that we would
focus on a more homogeneous population of cancer patients
with advanced disease. Patients with a cancer diagnosis with-
out metastases were excluded to allow us to focus only on pa-
tients with the most severe disease. The diagnosis of interest
(n=933) was patients with MC and LVO stroke who were treat-
ed with MT. This group was compared to LVO stroke cancer-free
patients who were treated with MT (n=38,166). International
Classification of Disease, Tenth Revision, Clinical Modification
(ICD-10-CM) codes were utilized to capture the diagnoses of
interest, including MC (Supplementary Table 2). An independent
audit comparing ICD-10 codes to hospital discharge records
showed that the former was highly reliable and accurate."

Baseline illness and stroke severity

Baseline demographic data including age and sex were collect-
ed. Race was not included as it is not available in the NRD. Base-
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line illness severity was determined using All Patient Refined
Diagnosis Related Group (APR-DRG) subclasses. This system uses
weighted diagnostic codes to capture admission diagnosis, com-
plications, and risk of mortality at discharge, and classifies pa-
tients into four clinically meaningful severity groups ranging
from 1 (mild illness) to 4 (extreme illness)." Stroke severity was
determined as the presence of one or more of the following el-
ements: paralysis/paresis, aphasia, coma, cerebral edema, cere-
bral herniation, and/or requiring mechanical ventilation, in ac-
cordance with prior published research.'®

Study outcomes

The primary outcomes were all cause in-hospital mortality and
favorable outcome, which was defined as a routine discharge
to home (regardless of whether home services were provided or
not). Secondary outcomes included hospital length of stay, non-
home discharge (defined as non-routine discharge to a rehabili-
tation hospital; a short, intermediate, or long term nursing facil-
ity; or hospice), development of intracerebral hemorrhage (ICH),
the need to undergo decompressive hemicraniectomy, and 90-
day hospital readmission. Tertiary outcomes included the fre-
quency of a variety of acute hospital complications, which were
captured by their corresponding ICD-10 codes (Supplementary
Table 2). In-hospital mortality and length of stay are directly
coded in the NRD.

Statistical analysis

We compared MT-treated patients with MC and MT-treated can-
cer-free patients. Continuous variables were compared using
Student's t-test, and categorical variables were compared using
the %’ test. Multivariate linear and logistic regression analyses
were used to adjust for confounders (age, sex, severe stroke,
APR-DRG=4, and tPA use) and calculate adjusted odds ratio
(aOR) for the association of MC with all primary and secondary
outcome measures. To explore the independent role of MC in ex-
plaining death or discharge to a facility after MT, we constructed
a stepwise backward regression model accounting for demo-
graphics, stroke and disease severity, and specific complications
and procedures. Admissions that ended with in-hospital mortal-
ity were excluded from readmissions analysis. All P-values were
2-sided, with 0.01 as the threshold for statistical significance to
adjust for multiple comparisons. Data Analysis was performed
using Stata version 17 (StataCorp., College Station, TX, USA).

Results

Our analysis identified 1,056,011 eligible patients admitted for
AIS during the 3-year study period, 40,537 (3.8%) of whom un-
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I%t;: Q(I)S7 Excluded: .
T - Stroke history: 254,483
1 -Age<18:5330
. - Last quarter discharge:
Eligible AIS 355,193
1,056,011

Thrombectomy No thrombectomy
40,537 1,015,474

!—‘—\!—‘—\

Cancer No cancer Cancer No cancer
2,371 38,166 50,711 964,763
Metastasis No metastasis Metastasis No metastasis
933 1,438 25,731 24,980

Cascade diagram showing patient grouping. Of all acute ischemic
stroke (AIS) patients who underwent thrombectomy, the primary analysis
compared 933 patients with 38,166 patients with no cancer. The 1,438 pa-
tients with a cancer diagnosis but no metastases were excluded. The sec-
ondary analysis of metastatic cancer patients compared the 933 thrombec-
tomy-treated patients with 25,731 patients treated medically for AIS.

derwent MT (Figure 1). Of those who underwent MT, 933 (2.3%)
had MC. The different types of cancer that were represented
are shown in Supplementary Table 3.

We compared the 933 MT-treated patients with MC to 38,166
cancer-free stroke patients treated with MT (Table 1). Stroke se-
verity was highly comparable between the two groups. MC pa-
tients were less likely to receive tPA (13% vs. 23%, P<0.001) but
had a similar frequency of ICH (about 20%). MC patients had a
higher frequency of severe medical illness based on APR-DRG
coding (52% vs. 39%, P<0.001). Specific medical complications
that occurred more frequently in the MC cohort included pneu-
monia, sepsis, deep vein thrombosis, pulmonary embolism, and
acute coronary syndromes (all P<0.001). MC patients were sig-
nificantly less likely to undergo placement of a percutaneous en-
doscopic gastrostomy (PEG) tube or tracheostomy. The frequency
of hemicraniectomy was <1% in both groups.

In-hospital mortality was significantly higher in MC patients
(26% vs. 14%, P<0.001). The overall proportion of MC patients
with a favorable outcome (discharged to home) was slightly
lower, but highly comparable to the cancer-free group (36% vs.
42%, P=0.014). Hospital length of stay and 90-day readmission
rates were similar. On multivariate regression adjusting for con-
founders, the only outcome variable that was significantly dif-
ferent between the MC and cancer-free groups was mortality
(Table 2). Among cancer patients who underwent thrombectomy,
there was no significant difference in mortality between those
with or without brain metastases.

To explore the independent role of MC in explaining death or
discharge to a facility among MT-treated stroke patients, we cre-
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ated a stepwise backward multivariate logistic regression model
that included demographics, MC, stroke and illness severity, and
specific complications and procedures (Table 3). After account-

Hospital complications, interventions, and outcomes among stroke
patients treated with mechanical thrombectomy, with or without meta-
static cancer

Metastatic cancer ~ Cancer-free

(n=933) (n=38,166) P
Demographics
Age (yr) 68.6+10.7 68.5+14.0 0.932
Female sex 483 (52) 19,277 (50) 0.685
Disease severity
APR-DRG severity=4* 488 (52) 14,992 (39) <0.001
Severe stroke’ 895 (96) 36,121 (95)  0.331
Paralysis/paresis 813 (87) 31,261 (82)  0.003
Aphasia 627 (67) 26,397 (69) 0.405
Cerebral edema 204 (22) 8,128 (21)  0.812
Herniation 64 (7) 3,214 (8) 0.257
Hospital complications
Intracerebral hemorrhage 186 (20) 8,017 (21) 0.605
Acute kidney injury 134 (14) 5891 (15)  0.367
Urinary tract infection 118 (13) 5330(14) 0446
Pneumonia 125 (13) 2,702 (7)  <0.001
Sepsis 102 (11) 1,823 (5)  <0.001
Deep vein thrombosis 191 (20) 1,735(5)  <0.001
Acute coronary syndrome 92 (10) 1,721(5)  <0.001
Pulmonary embolism 17 (13) 601(2) <0.001
Coagulopathy 373 (40) 3456(9  <0.001
Thrombocytopenia 155 (17) 2,108 (6)  <0.001
Interventions
tPA use 120 (13) 8,939 (23) <0.001
Mechanical ventilation 207 (22) 9,581 (25)  0.147
PEG 43 (5) 4,288 (11)  <0.001
Tracheostomy 11 (<1) 1,466 (4)  <0.001

Outcomes’

14)  <0.001
) 0.005
) 0.014

11,031 (29) 0.833
) 0.026

In-hospital death (
Discharge to a facility (
Discharge to home 334 (36
LOS >75th percentile (

(

90-day readmission

Data are mean+SD or n (%).

APR-DRG, All Patient Refined Diagnosis Related Group; tPA, tissue plas-
minogen activator; PEG, percutaneous endoscopic gastrostomy; LOS, length
of stay.

*Baseline illness severity determined using APR-DRG subclass of 4 is used
as an indicator of severe illness (see Methods for more details); "Severe
stroke was defined as having one or more of the following elements: paral-
ysis/paresis, aphasia, cerebral edema, cerebral herniation, requiring me-
chanical ventilation, andfor coma; *Refer to Methods for definitions of poor
and favorable outcome.
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ing for ten variables that were significantly associated in the fi-
nal model, the adjusted odds ratio for the association between
MC and poor outcome was nonsignificant (Table 3). Variables
that did predict death or discharge to a facility included age, fe-
male sex, overall medical disease severity, severe stroke, deep
vein thrombosis, pneumonia, sepsis, ICH, urinary tract infection,
and placement of a PEG or tracheostomy. There was no inter-
action between MC and overall disease severity (APR-DRG=4)
with regard to mortality.

Discussion

AIS is the second most common complication that involves the
central nervous system in cancer patients, the first being cere-
bral metastases."” Viewed another way, one-in-ten patients with
AIS have a history of remote or active cancer, making it critical
to establish the best management strategies for LVO in this vul-
nerable group of patients." In an autopsy study, it was reported
that almost 15% of cancer patients had a stroke on post-mor-
tem examination, with hemorrhagic and ischemic strokes being
equally prevalent.'

Hypercoagulability in patients with cancer is hypothesized to
be due to tumor cell-derived cytokines, elevated D-dimer levels,
tumor embolism, chemotherapy, as well as vascular risk factors
like diabetes and hypertension,®'*"
bolism secondary to hypercoagulability is the most important

and it is believed that em-

cause of stroke in cancer patients.” In a recent retrospective
cross-sectional study, the most common stroke mechanism in
cancer patients was cryptogenic (embolic stroke of unknown

72 Conventional stroke

source), followed by large vessel disease.
risk factors such as hypertension, diabetes, and atrial fibrillation
are underrepresented in cancer-related stroke, invoking hyperco-
agulability and other cancer-specific causes of stroke.'****

Stroke patients with cancer are often excluded from receiving
thrombolytic therapy due to concerns about brain metastasis,
thrombocytopenia, coagulopathy, recent surgery, or overall poor
prognosis.”*** That is reflected in our study, as significantly fewer
MC patients received bridging lytic therapy than cancer-free
patients (13% vs. 23%, P<0.001), despite similar stroke severi-
ty. The rate of ICH was similar (about 20%) in MC and non-MC
patients treated with thrombectomy.

The most important question addressed by our study is wheth-
er it is worthwhile and beneficial to perform MT in MC patients
who experience LVO stroke, given their poor prognosis and co-
morbidities. The two groups were highly comparable with re-
gard to age, sex, and stroke severity (Table 1). By contrast, the
MC patients had significantly higher comorbidity indices over-

all, including higher rates of infection (pneumonia, sepsis) and
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Multivariate logistic regression analysis comparing mechanical thrombectomy-treated stroke patients with versus without metastatic cancer

Outcome measure Unadjusted OR 7 Adjusted OR 2

In-hospital mortality 2.26 (1.81-2.83) <0.001 2.83(2.21-3.64) <0.001
Death and discharge to facility 1.28 (1.05-1.56) 0.014 1.1 (0.89-1.37) 0.343
Discharge to home* 1.01 (0.81-1.26) 0918 1.13 (0.89-1.44) 0314
Intracerebral hemorrhage 0.94 (0.73-1.20) 0.605 0.79 (0.60-1.02) 0.074
Hemicraniectomy 0.92 (0.13-6.46) 0.931 1.11 (0.16-7.68) 0918
All-cause 90-day readmission 1.35 (1.04-1.75) 0.027 1.30 (0.99-1.71) 0.052
LOS >75th percentilef 1.03 (0.81-1.31) 0.832 0.93 (0.71-1.20) 0.573

OR, odds ratio; LOS, length of stay; APR-DRG, All Patient Refined Diagnosis Related Group; tPA, tissue plasminogen activator.
*Excluding in-hospital mortality; 75th percentile corresponds to 14 days; "Adjusted for age, sex, stroke severity, APR-DRG=4, and tPA use.

Multivariate model for prediction of death or discharge to a facility

Variable Adjusted OR (95% Cl) P

Age, per year 1.035 (1.032-1.038) <0.001
Female sex 1.14 (1.05-1.24) 0.001
Metastatic cancer 0.96 (0.76-1.20) 0.71
Severe stroke® 1.94 (1.64-2.29) <0.001
Deep vein thrombosis 1.46 (1.22-1.76) <0.001
Pneumonia 1.59 (1.34-1.91) <0.001
Sepsis 1.70 (1.36-2.13) <0.001
Urinary tract infection 1.34 (1.21-1.49) <0.001
PEG 5.63 (4.79-6.62) <0.001
Tracheostomy 7.01 (4.90-10.02) <0.001
Intracerebral hemorrhage 1.88 (1.69-2.07) <0.001

Variables that were excluded from the final model due to lack of signifi-
cance included acute kidney injury, pulmonary embolism, and acute coro-
nary syndrome.

OR, odds ratio; Cl, confidence interval; PEG, percutaneous endoscopic gas-
trostomy.

*Severe stroke was defined as having one or more of the following ele-
ments: paralysis/paresis, aphasia, cerebral edema, cerebral herniation, re-
quiring mechanical ventilation, and/or coma.

thrombosis (acute coronary syndrome, DVT, and pulmonary em-
bolism). Hospital length of stay and all-cause 90-day readmis-
sion rates were similar.

In-hospital death was significantly greater in the MC cohort
treated with thrombectomy (26% vs. 14%). It is also notable that
tracheostomy and PEG were performed significantly less fre-
quently in MC patients, presumably due to more withholding
of life sustain therapy. Despite this, the frequency of home dis-
charge was only slightly lower in MC versus non-MC patients:
36% versus 429% overall, which translates into a 49% versus
48% rate of discharge home among those who survived their
hospitalization. These encouraging results are consistent with
other studies that have addressed clinical and safety outcomes
in patients with AIS and active cancer after endovascular treat-
ment. Of 2,583 stroke patients who underwent MT in the MR
CLEAN registry, 4.8% had active cancer (diagnosed <12 months

https://doi.org/10.5853/j0s.2022.02334

prior to stroke, with metastases, or under active treatment), which
is comparable to the 2.3% frequency of MC that we observed.’
In this study, successful reperfusion and ICH rates did not differ
between cancer and cancer-free patients. Other studies have also
shown that there is no difference in recanalization rates, proce-
dural time metrics, or choice of anesthesia in cancer compared
to cancer-free patients who undergo thrombectomy.”** Although
mortality was higher and functional outcome was worse in the
cancer cohort at 90 days, about 25% had regained functional
independence.’

A smaller single-center study from Korea reported a 7.1% fre-
quency of current malignancy out of a total of 378 AlS patients
treated with MT." There was no difference in the rate of good
functional outcome (37% vs. 40%) or ICH between those with
and without cancer. Other smaller single-center registries and
case-control studies have reported a frequency of cancer among
MT-treated stroke ranging from 2.7% to 10.3%, and inconsis-
tent results regarding procedural success, the risk of ICH, and
clinical outcome compared to cancer-free patients.”****" In
our secondary analysis, we showed that 3.5% of MC patients
hospitalized for AIS were treated with MT, which is comparable
to the rate of 3.8% among cancer-free stroke patients (Figure 1).

Our study has many limitations. First, inherent to the use of
administrative databases such as the NRD, diagnostic accuracy
may be affected by coding errors, the absence of detailed neu-
rological and imaging data, and the lack of independent audit-
ing and verification of key outcome measures. Also, temporal
relationships that occur during hospitalization cannot be eluci-
dated. Second, the NRD lacks data on stroke and medical illness
severity scales, location and size of ischemic lesions, baseline or
discharge destination, procedural success, timing of acute treat-
ment, concurrent medical treatments such as anticoagulation,
and long-term functional outcome. Hence, the results of our
regression analysis should be interpreted with caution. Third, we
could not distinguish between mortality as a result of stroke
complications or from mortality due to withdrawal of care due
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to patients and family wishes. Fourth, our results are applicable
to patients with advanced cancer with metastases, and may
not accurately reflect the clinical course of stroke patients with
early stage non-MC. Fifth, MC patients were less likely to under-
go PEG or tracheostomy placement, which may have confounded
the outcome, most likely reflecting decisions to pursue comfort
care. Sixth, the NRD does not link patients identifiers across years.
Seventh, in the NRD it is not possible to differentiate whether
a diagnosis of MC is a new or historical diagnosis. Finally, dis-
charge to home hospice is included under the routine discharge
to home classification (inpatient hospice is in a separate cate-
gory under non-routine discharge) in the NRD, which does not
constitute a favorable outcome as we defined it. However, dis-
charge to home hospice is rare in our clinical experience. Despite
these limitations and lack of granularity in the NRD, administra-
tive database studies offer strength in numbers, generalizability,
and insight into real-world practices, especially for uncommon
conditions in which randomized clinical trials are not practical
to conduct.

Conclusion

In summary, MC patients with LVO stroke treated with MT are
discharged home at a similar rate to cancer-free patients, sug-
gesting that they can benefit from the procedure. Given the many
limitations of an administrative database such as the NRD, this
analysis should be viewed as preliminary and inconclusive. Pend-
ing the publication of more detailed prospective registries and
clinical trials, our data may hopefully help clinicians, patients, and
caregivers alike make more thoughtful and informed decisions
regarding the risks and benefits of MT in stroke patients with MC.

Supplementary materials

Supplementary materials related to this article can be found
online at https://doi.org/10.5853/j0s.2022.02334.
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Title and abstract
1 (a) Indicate the study's design with a commonly used RECORD 1.1: The type of data used should be specified Page 1

Introduction

Background
rationale

Objectives

Methods
Study design
Setting

Participants

Variables

Data sources/
measurement

Bias
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n

term in the title or the abstract.
(b) Provide in the abstract an informative and balanced
summary of what was done and what was found.

Explain the scientific background and rationale for the
investigation being reported.

State specific objectives, including any prespecified
hypotheses.

Present key elements of study design early in the paper.

Describe the setting, locations, and relevant dates,
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and data collection.

(a) Cohort study: Give the eligibility criteria, and the
sources and methods of selection of participants.
Describe methods of follow-up.

Case-control study: Give the eligibility criteria,

and the sources and methods of case ascertainment
and control selection. Give the rationale for the
choice of cases and controls.

Cross-sectional study: Give the eligibility criteria,
and the sources and methods of selection of
participants.

(b) Cohort study: For matched studies, give matching
criteria and number of exposed and unexposed.
Case-control study: For matched studies, give
matching criteria and the number of controls per
case.

Clearly define all outcomes, exposures, predictors,
potential confounders, and effect modifiers.
Give diagnostic criteria, if applicable.

For each variable of interest, give sources of data and
details of methods of assessment (measurement).

Describe comparability of assessment methods if there
is more than one group.

Describe any efforts to address potential sources
of bias.

Explain how the study size was arrived at.

Explain how quantitative variables were
handled in the analyses. If applicable, describe
which groupings were chosen, and why.

in the title or abstract. When possible, the name of
the databases used should be included.

RECORD 1.2: If applicable, the geographic region and
timeframe within which the study took place should
be reported in the title or abstract.

RECORD 1.3: If linkage between databases was
conducted for the study, this should be clearly stated
in the title or abstract.

Page 2
Page 2
Page 2
Page 2

RECORD 6.1: The methods of study population Page 2
selection (such as codes or algorithms used to identify
subjects) should be listed in detail. If this is not
possible, an explanation should be provided.

RECORD 6.2: Any validation studies of the codes or
algorithms used to select the population should be
referenced. If validation was conducted for this study
and not published elsewhere, detailed methods and
results should be provided.

RECORD 6.3: If the study involved linkage of databases,
consider use of a flow diagram or other graphical
display to demonstrate the data linkage process,
including the number of individuals with linked data
at each stage.

RECORD 7.1: A complete list of codes and algorithms ~ Page 2-3,
used to classify exposures, outcomes, confounders, Supplementary
and effect modifiers should be provided. If these Table 2
cannot be reported, an explanation should be
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Participants 13
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data
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(a) Describe all statistical methods, including those used
to control for confounding.

(b) Describe any methods used to examine subgroups
and interactions.

(c) Explain how missing data were addressed.

(d) Cohort study: If applicable, explain how loss to
follow-up was addressed.
Case-control study: If applicable, explain how
matching of cases and controls was addressed.
Cross-sectional study: If applicable, describe
analytical methods taking account of sampling
strategy.

(e) Describe any sensitivity analyses.

NA

NA

(a) Report the numbers of individuals at each stage of
the study (e.g., numbers potentially eligible,
examined for eligibility, confirmed eligible, included
in the study, completing follow-up, and analyzed).

(b) Give reasons for non-participation at each stage.

(c) Consider use of a flow diagram.

(a) Give characteristics of study participants
(e.g., demographic, clinical, social) and information
on exposures and potential confounders.

(b) Indicate the number of participants with missing
data for each variable of interest.

(c) Cohort study: summarize follow-up time
(e.g., average and total amount).

Cohort study: Report numbers of outcome events or
summary measures over time.

Case-control study: Report numbers in each exposure
category, or summary measures of exposure.

Cross-sectional study: Report numbers of outcome
events or summary measures.

(a) Give unadjusted estimates and, if applicable,
confounder-adjusted estimates and their precision
(e.g., 95% confidence interval). Make clear which
confounders were adjusted for and why they were
included.

(b) Report category boundaries when continuous
variables were categorized.

(¢) I relevant, consider translating estimates of relative
risk into absolute risk for a meaningful time period.

Report other analyses done—e.g., analyses of subgroups
and interactions, and sensitivity analyses.

RECORD 12.1: Authors should describe the extent to
which the investigators had access to the database
population used to create the study population.

RECORD 12.2: Authors should provide information on
the data cleaning methods used in the study.

RECORD 12.3: State whether the study included
person-level, institutional-level, or other data linkage
across two or more databases. The methods of linkage
and methods of linkage quality evaluation should be
provided.

RECORD 13.1: Describe in detail the selection of the
persons included in the study (i.e., study population
selection) including filtering based on data quality,
data availability and linkage. The selection of included
persons can be described in the text and/or by means
of the study flow diagram.
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Discussion
Key results 18  Summarize key results with reference to study Page 4-6
objectives.
Limitations 19 Discuss limitations of the study, taking into account RECORD 19.1: Discuss the implications of using data ~ Page 4-6
sources of potential bias or imprecision. Discuss both that were not created or collected to answer the
direction and magnitude of any potential bias. specific research question(s). Include discussion of
misclassification bias, unmeasured confounding,
missing data, and changing eligibility over time,
as they pertain to the study being reported.
Interpretation 20  Give a cautious overall interpretation of results Page 4-6
considering objectives, limitations, multiplicity of
analyses, results from similar studies, and other
relevant evidence.
Generalizability 21  Discuss the generalizability (external validity) of the Page 4-6

study results.

Other Information

Funding 22  Give the source of funding and the role of the funders Not applicable
for the present study and, if applicable, for the original
study on which the present article is based.
Accessibility of NA RECORD 22.1: Authors should provide information on  Page 2
protocol, how to access any supplemental information such as

raw data, and
programming
code

the study protocol, raw data, or programming code.

RECORD, REporting of studies Conducted using Observational Routinely-collected health Data; STROBE, Strengthening the Reporting of Observational Studies
in Epidemiology; NA, not applicable.
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International Classification of Disease, Tenth Revision (ICD-10) codes

Diagnosis

ICD-10 code

ICD-10-CM (Clinical Modification)

Acute ischemic stroke

Cerebral edema
Cerebral herniation
Paralysis/paresis
Intracranial hemorrhage
Pulmonary embolism
Deep venous thrombosis
Coma
Aphasia
Sepsis
Urinary tract infection
Acute kidney injury
Acute coronary syndrome
Pneumonia
Metastatic cancer
Lung cancer
Breast cancer
Melanoma and other skin cancer
Gastrointestinal cancer including colorectal
Gynecologic cancer
Urogenital (including renal and prostate)
Oropharyngeal cancer
Other
Unspecified and unknown primary
Brain metastasis
ICD-10-PCS (Procedure Coding System)
Intravenous thrombolysis

Endovascular mechanical thrombectomy

Decompressive hemicraniectomy

Tracheostomy
Percutaneous enterogastric tube

Ventilatory support

1639, 16340, 16302, 163032, 163011, 163012, 163031, 163219, 163341, 163342, 16350, 163549, 16320, 163231,
163232, 163311, 163312, 163321, 163322, 163331, 163332, 163411, 163412, 163422, 163431, 163432, 163441,
163442, 163511, 163512, 163521, 163522, 163531, 163532, 163541, 163542, 163211, 163212, 16322, 1668

(G936

(G935

(G81.x, G82.x, G83.x, R295, 16933, 16934, 16935, 16936
160, 161, 162

126x

182x

R40.2, R40.3

R47x, 16932

A41x

N390

N17x, N99.0, R34

121x, 120.0

J12X-J18X

C77.x-C80.x

C34

C50

(43, C44

C15-C17, C18-C20, C22-C26
C51-C58

C60-C68

Coo-C14

(38-C41, C45, C48-49, C69-C72, C73-C75, C7A, C90, C91-95
C76, C80.1

(79.31,32

3E03017, 3E03317, 3E04017, 3E04317; 79282

03CG3ZZ, 03CG3Z7, 03CH3ZZ, 03CH3Z7, 03CJ3ZZ, 03CJ3Z7, 03CK3Z7Z,03CK3Z7, 03CL3ZZ, 03CL3Z7,
03CP3ZZ, 03CP3Z7, 03CQ3ZZ, 03CQ3Z7, 037G34Z, 037G35Z, 037G36Z, 037G37Z, 037G3DZ, 037G3EZ,
037G3FZ, 037G3GZ, 037G3ZZ, 03QG3ZZ, 03QH3ZZ, 03QJ3ZZ, 03QK3ZZ, 03QL3ZZ, 03QP3ZZ, 03QQ37Z

00J00ZZ, ON800ZZ, 0W9100Z, 0W910ZZ, OWC10ZZ, ON500ZZ, ONBOOZZ, ONT10ZZ, ONT30ZZ, ONT40ZZ,
ONT50ZZ, ONT60ZZ, ONT70ZZ, 009000Z, 00900ZZ, 00C00ZZ, 00B70ZZ, 00500ZZ, 00B00ZZ, 00T70ZZ

0B110F4, 0B113F4, 0B114F4
0DH63UZ
5A19357, 5A19457, 5A19557, 0BH17EZ, 0BH18EZ
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Supplementary Table 3. Breakdown of cancer types

Cancer type Number
Lung cancer 267
Gastrointestinal cancer including colorectal 228
Gynecologic cancer 65
Urogenital (including renal and prostate) 63
Breast cancer 40
Oropharyngeal cancer 12
Melanoma and other skin cancer 10
Other 47
Unspecified and unknown primary 152
Brain metastasis 131
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