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Abstract

Background—Single-center studies suggest that patients with cancer have similar outcomes
after intracerebral hemorrhage (ICH) compared to patients without cancer. However, these studies
were limited by small sample sizes and high rates of intratumoral hemorrhage. Our hypothesis was
that systemic cancer patients without brain involvement fare worse after ICH than patients without
cancer.

Methods—We identified all patients diagnosed with spontaneous ICH from 2002 through 2011
in the Nationwide Inpatient Sample. Our predictor variable was systemic cancer. Our primary
outcome was discharge disposition, dichotomized into favorable discharge (home/self-care or
rehabilitation) or unfavorable discharge (nursing facility, hospice, or death). We used logistic
regression to compare outcomes and performed secondary analyses by cancer subtype (i.e., non-
metastatic solid tumors, non-metastatic hematologic tumors, and metastatic solid or hematologic
tumors).

Results—Among 597,046 identified ICH patients, 22,394 (3.8%) had systemic cancer. Stroke
risk factors such as hypertension and diabetes were more common in patients without cancer,
while anticoagulant use and higher Charlson comorbidity scores were more common among
cancer patients. In multivariate logistic regression analysis adjusted for demographics,
comorbidities, and hospital-level characteristics, patients with cancer had higher odds of death
(OR 1.62, 95% CI 1.56-1.69) and lower odds of favorable discharge (OR 0.59, 95% CI 0.56-0.63)
than patients without cancer. Amongst cancer groups, patients with non-metastatic hematologic
tumors and those with metastatic disease fared the worst.
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Conclusions—~Patients with systemic cancer have higher mortality and less favorable discharge
outcomes after ICH than patients without cancer. Cancer subtype may influence outcomes after

ICH.
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Introduction

Methods

The incidence of cancer in patients with spontaneous intracranial hemorrhage ranges from 1
to 10%(1, 2), with the intracerebral compartment being the most frequently affected site.(3)
Cohort studies on intracerebral hemorrhage (ICH) have suggested that patients with cancer
have similar outcomes compared to patients without cancer.(4, 5) However, these studies
were mostly small, single-center, and included patients with primary or metastatic brain
tumors complicated by intratumoral hemorrhage—a condition that may not affect clinical
outcomes to the same degree as other causes of ICH since patients with brain tumors often
have preexisting disability from cerebral edema and/or herniation.(5) Therefore, we sought
to better examine the relationship between systemic cancer and ICH outcomes by using data
from a large, heterogeneous, nationally-representative research database, and by excluding
patients with known primary intracranial tumors or systemic cancer with brain metastases.
Our pre-specified hypothesis was that systemic cancer patients without known brain
involvement fare worse after ICH than patients without cancer.

Study Design and Population

This was a retrospective cohort study using de-identified, inpatient discharge data from the
Nationwide Inpatient Sample (NIS) of the Healthcare Cost and Utilization Project.(6) The
NIS includes data from 1050 U.S. hospitals on approximately 8 million inpatient
hospitalizations each year, representing a 20% stratified sample of all non-federal American
hospitals.(6) As this database comprises anonymized, de-identified, publicly-available
patient information, this study was exempt from our Institutional Review Board’s review.

We identified consecutive patients between January 1, 2002 and December 31, 2011 with a
primary discharge diagnosis of ICH using the previously validated International
Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) code 431.(7,
8) In an effort to restrict our population to adults with spontaneous ICH from causes other
than intratumoral hemorrhage(5) or vascular malformations(9), which may have different
natural histories than other more typical causes of ICH, we excluded patients who were less
than 18 years of age, had known primary intracranial tumors or systemic cancer with brain
metastases, were diagnosed with traumatic brain injury or any cerebral vascular
malformation, or were treated with aneurysm clipping or coiling during the index
hospitalization. We also excluded patients who initially presented to one hospital but were
subsequently transferred to a higher acuity hospital, in order to prevent double counting of
the same patient, as performed in prior NIS studies.(10, 11)
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Measurements

Our primary predictor was systemic cancer. Patients with cancer were divided into three
categories based on the National Comprehensive Cancer Network classification: solid
tumors without metastases (ICD-9-CM 140.xx- 190.xx, 193.xx-195.xx, 209.00-209.30),
hematologic tumors without metastases (200.xx-208.xx, 238.7x), and metastatic solid or
hematologic tumors (196.xx-198.xx, 209.7x).(12) The ICD-9 codes for individual cancers
have been used in prior NIS studies(13, 14), and can be obtained using the Clinical
Classification Software provided by the Healthcare Cost and Utilization Project.(15)

Palliative care, which we used as a surrogate for care limitation, was identified using the
ICD-9 code V66.7.(16) The modified Charlson comorbidity index, in a cumulative score
format, was used to adjust for underlying medical comorbidities.(17) This index, which
incorporates 17 different comorbidities, has been previously validated as an effective
outcome adjustment method for analyses using administrative data.(17) Coagulopathy, a
known modifier of outcomes in ICH, was identified using ICD-9-CM diagnosis codes
286.5-286.9, 287.1, 287.3-287.5 and 289.82.(18)

Our primary outcome was discharge disposition, which was dichotomized as in previous
studies using the NIS into favorable discharge (home/self-care or rehabilitation) and
unfavorable discharge (nursing facility, hospice, or death). Discharge disposition has been
validated as a surrogate for functional outcome.(19) Our secondary outcome was inpatient
mortality.

Statistical Analysis

To obtain national estimates of inpatient hospitalizations for ICH, we used standard weights
provided by the Healthcare Cost and Utilization Project. The Pearson Chi-square test was
used to compare categorical variables between patients with and without cancer, while the
Mann-Whitney U test was used for continuous variables (e.g., length of stay and resource
utilization measures) since these data were not normally distributed. Bivariate and
multivariate logistic regression was used to evaluate the association between systemic cancer
and ICH outcomes. The analyzed covariates included demographic and socioeconomic
factors such as age, sex, race, and insurance status; hospital-level characteristics such as
geographic region, rural vs. urban location, teaching status, bed size, and annual ICH
volume; and the following clinical variables known to affect outcomes in ICH: Charlson
comorbidity index inserted as quartiles, stroke risk factors, diagnosis of coagulopathy,
anticoagulant use, mechanical ventilation, infections (e.g., pneumonia and urinary tract
infection), and relevant inpatient procedures performed (e.g., craniotomy, ventriculostomy,
tracheostomy, and gastrostomy). All covariates associated with outcomes at the bivariate
level with a p-value of <0.05 were inserted into the multivariate model. All analyses were
two-tailed and were performed using Stata (version 14.0, College Station, TX); statistical
significance was defined as a p-value of <0.05.
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Results

Patient Characteristics

Among 619,166 patients with a primary diagnosis of ICH, 597,046 met the study eligibility
criteria and were included in the final analysis (Figure 1). Of these patients, 23,034 (3.8%)
had a diagnosis of systemic cancer, including 10,846 with non-metastatic solid tumors,
5,863 with non-metastatic hematologic tumors, and 5,695 with metastatic tumors (3,967
solid and 1,728 hematologic). As compared to patients without cancer, ICH patients with
cancer were significantly older and more often male, Caucasian, had received
anticoagulation before ICH, and had higher Charlson comorbidity scores (Table 1).
Conversely, stroke risk factors such as hypertension and diabetes mellitus were significantly
less common among the cancer cohort (Table 2). Patients with cancer were also less likely to
be cared for at large, urban, teaching hospitals with high volumes of ICH and they averaged
lower cost-of-care and hospital length-of-stay than patients without cancer.

Primary Analysis

Rate of inpatient death was 37.3% in ICH patients with cancer compared to 29.2% in ICH
patients without cancer (p<0.001); conversely, rate of favorable discharge was 23.5% in the
cancer group and 33.9% in the non-cancer group (p<0.001). In multivariate logistic
regression analysis adjusting for demographics, comorbidities, and hospital-level
characteristics, patients with cancer had higher odds of death (OR 1.62, 95% CI 1.56-1.69,
p=<0.001) and lower odds of favorable discharge (OR 0.59, 95% CI 0.56-0.63, p=<0.001)
than patients without cancer (Table 3). These results were similar but slightly attenuated in a
pre-specified sensitivity analysis that attempted to minimize the effects of early care
limitation (i.e., self-fulfilling prophecy in ICH) by excluding patients who had palliative care
codes and died within 48 hours of admission (OR for death 1.54, 95% CI 1.46-1.61,
p=<0.001; OR for favorable discharge 0.65, 95% CI 0.61-0.71, p=<0.001).

Secondary Analysis

In subgroup multivariate analyses by broad cancer type, patients with cancer had uniformly
worse outcomes than patients without cancer (Table 4). Among cancer patients, patients with
metastatic solid or hematologic tumors fared the worst compared to patients without cancer
(OR for death 2.09, 95% CI 1.96-2.23, p=<0.001; OR for favorable discharge 0.42, 95% ClI
0.39-0.45, p=<0.001), followed by patients with non-metastatic hematologic tumors (OR for
death 1.98, 95% CI 1.86-2.12, p=<0.001; OR for favorable discharge 0.62, 95% CI 0.57—
0.66, p=<0.001), and patients with non-metastatic solid tumors (OR for death 1.25, 95% CI
1.19-1.32, p=<0.001; OR for favorable discharge 0.69, 95% CI 0.65-0.73, p=<0.001)

Discussion

In a large, heterogeneous, nationally representative cohort of patients with ICH, systemic
cancer without brain involvement was independently associated with inpatient mortality and
unfavorable discharge disposition. Furthermore, among cancer groups, patients with known
metastatic tumors and those with non-metastatic hematologic cancers had the worst
outcomes after ICH, with a two-fold increased odds of death as compared to ICH patients
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without cancer. These results remained materially unchanged when excluding patients who
may have had early care limitation as indicated by palliative care codes and death within 48
hours of hospitalization.

In our study, inpatient mortality (37.3% vs. 29.2%) and unfavorable discharge disposition
(63.2% vs. 52.2%) after ICH were significantly higher in patients with cancer as compared
to patients without cancer. In contrast, prior studies have not reported differences in ICH
outcomes between cancer and non-cancer patients.(4, 5) This discrepancy may be explained
by differences in patient characteristics and cancer types between studies. In particular, in
contrast to other studies, our study excluded patients with known brain tumors. In a detailed
series of 208 cancer patients with intracerebral or subarachnoid hemorrhage at a tertiary-care
cancer center, 91 (44%) had a known primary or metastatic brain tumor at the time of
hemorrhage and intratumoral hemorrhage was the most common cause of ICH.(5) We
believe that the exclusion of patients with known brain tumors—thereby limiting the number
of patients with intratumoral hemorrhage—and our study’s large sample size enhanced our
ability to analyze the effects of systemic cancer on ICH outcomes.

Previous studies have reported that coagulopathy is a common underlying cause of ICH in
cancer patients.(3, 20) Additionally, coagulopathy is a well-known predictor of hematoma
expansion and poor outcomes in ICH.(21, 22) In our study, patients with cancer were more
often diagnosed with coagulopathy than patients without cancer (14.1% vs. 5.4%, p<0.001).
Furthermore, patients with non-metastatic hematologic tumors (26.4%) and those with
metastatic solid or hematologic tumors (16.5%) had higher rates of coagulopathy than
patients with non-metastatic solid tumors (6.3%). Although the administrative nature of our
dataset prevented us from determining the mechanisms or characteristics of ICH in our
cohort, it is possible that the different rates of coagulopathy between the patients with and
without cancer, as well as among the different cancer groups, contributed to the differences
in mortality seen in our study. We also observed that patients with cancer had fewer
procedures performed and lower resource utilization measures, as well as increased death
within 48 hours. Therefore, it is possible that less aggressive care in cancer patients,
particularly those with metastatic disease, contributed to the worse outcomes in these
patients.

This study should be interpreted in the context of several limitations. First and foremost,
since our study relied on administrative data from the NIS, we lacked information on well-
validated ICH severity measures such as the Glasgow Coma Scale score and ICH volume
and location. In addition, data on specific cancer type, stage, and treatments such as
chemotherapy and radiation, which could also affect the type and severity of ICH, were
similarly not available. We also lacked information on the timing and method of
coagulopathy reversal, as well as other standard medical treatments for ICH such as
aggressive blood pressure control and osmotic agents for cerebral edema. Second, our
reliance on ICD-9-CM diagnostic codes could have resulted in misclassification of some
ICH diagnoses, as well as other measurement errors. However, the ICD-9-CM code 431,
which we used to diagnose ICH, has been previously validated to have high specificity and
positive predictive value for identifying ICH in administrative datasets.(7, 8) Similarly, the
ICD-9-CM codes used to identify different cancer types in this study are believed to have
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high accuracy and have been used in other NIS studies.(13, 23) Third, we were unable to
differentiate between primary and recurrent ICH. However, given the low annual rate of ICH
recurrence (~2%)(24, 25), this is unlikely to have significantly affected our results.

In conclusion, patients with systemic cancer have higher mortality and less favorable
discharge outcomes after ICH than patients without cancer. Amongst cancer subtypes,
hematological and metastatic tumors appear to have the worst outcomes. Future studies with
detailed clinical data are needed to determine the mechanisms responsible for the worse
outcomes after ICH in cancer patients.
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Primary diagnosis ICH
n= 619,166

Included in the analysis

n=597,046 (96.4%)

ICH-Cancer

ICH- No Cancer

n=22,394 (3.8%) n=574,652 (96.2%)

Figure 1.

Flow diagram of patient selection for the final cohort.
ICH: Intracerebral Hemorrhage, AVM: Arteriovenous Malformation
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Demographic and Hospital-level Characteristics of Patients with Intracerebral Hemorrhage in the Nationwide
Inpatient Sample Stratified by Presence of Cancer.

Characteristic ICH(I\\IIVi:tggz,IG(S:%nCH ICI?Nv!itzg’(gléa‘Boer P value
Age, years <0.001
18-64 201,233 (35.0) 5,119 (22.9)
65-79 192,458 (33.5) 9,388 (41.9)
80 or more 180,961 (31.5) 7,887 (35.2)
Gender <0.001
Male 280,926 (48.9) 12,546 (56.0)
Female 293,459 (51.1) 9,847 (44.0)
Race/ethnicity <0.001
Caucasian 295,042 (51.3) 13,303 (59.4)
Black 76,018 (13.2) 2,168 (9.7)
Hispanic 43,213 (7.5) 1,086 (4.8)
Other 37,424 (6.5) 1,095 (4.9)
Missing information 122,955 (21.4) 4,742 (21.2)
Health insurance <0.001
Medicare 356,993 (62.2) 16,076 (71.8)
Medicaid 47,924 (8.4) 1,102 (4.9)
Private insurance 115,733 (20.2) 4,277 (19.1)
Other 53,031 (9.2) 920 (4.1)
Hospital geographic region <0.001
Northeast 101,740 (17.7) 4,409 (19.7)
Midwest 122,081 (21.2) 5,314 (23.7)
South 228,884 (39.8) 7,879 (35.2)
West 121,947 (21.3) 4,792 (21.4)
Hospital location <0.001
Rural 42,453 (7.4) 2,199 (9.9)
Urban 527,896 (92.6) 20,054 (90.1)
Hospital teaching status <0.001
Nonteaching 241302 (42.3) 10159 (45.7)
Teaching 329047 (57.7) 12094 (54.3)
Hospital bed size <0.001
Small 41,768 (7.3) 1,907 (8.6)
Medium 121,030 (21.2) 4,904 (22.0)
Large 407,552 (71.5) 15,443 (69.4)
Hospital ICH case volume quartile <0.001
1st (1-23 cases/year) 136,624 (23.8) 6,544 (29.2)
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Characteristic (N= 574,652) (N= 22,394)
2nd (24-47 cases/year) 14,489 (25.1) 5,747 (25.7)
3rd (48-85 cases/year) 147,576 (25.7) 5,201 (23.2)
4th (>85 cases/year) 145,962 (25.4) 4,902 (21.9)

Abbreviations: ICH: Intracerebral Hemorrhage

Data are presented as number (%) unless otherwise specified.
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TABLE 2

Medical Comorbidities, Inpatient Complications and Relevant Performed Procedures in Patients with
Intracerebral Hemorrhage Stratified by Presence of Cancer.

ICH without Cancer  ICH with Cancer P value

Comorbidities (N= 574,652) (N= 22,304)
Modified Charlson <0.001
comorbidity index
0-2 509,681 (88.7) 7,385 (33.0)
>3 65,124 (11.2) 14,973 (67.0)
Hypertension 444,402 (77.3) 14,221 (63.6) <0.001
Diabetes mellitus 122,597 (21.3) 3,928 (17.6) <0.001
Coagulopathy 30,836 (5.4) 3,163 (14.1) <0.001
Anticoagulant use 39,662 (6.9) 1,808 (8.1) <0.001

Medical complications

3M APR-DRG risk <0.001
of mortality

Minor to Moderate 299,734 (52.2) 9,077 (40.6)

Major 117,539 (20.5) 6,815 (30.5)

Extreme 157,358 (27.3) 6,467 (28.9)
Hydrocephalus 38,134 (6.6) 826 (3.7) <0.001
Venous Thromboembolism 6,837 (1.2) 407 (1.8) <0.001
Urinary tract infection 78,411 (13.6) 2,448 (10.9) <0.001
Pneumonia 40,741 (7.1) 1,594 (7.1) 0.992
Sepsis 18,770 (3.3) 602 (2.7) <0.001
Seizures 55,173 (9.6) 2,221 (9.9) 0.117

Inpatient procedures

Palliative Care 37,781 (6.6) 2,189 (9.8) <0.001
Craniotomy 4,849 (0.8) 142 (0.6) <0.001
Ventriculostomy 37421 (6.5) 769 (3.4) <0.001
Mechanical ventilation 165,463 (28.8) 5,424 (24.2) <0.001
Tracheostomy 2,800 (0.5) 34(0.2) <0.001
Gastrostomy 51,704 (9.0) 1,246 (5.6) <0.001
Survival >48 hours 574,651 (87.1) 18,229 (81.4) <0.001
Resour ce Utilization Median (IQR) Median (IQR)
Measures
Cost of care 10,247 9,019 <0.001
(5,561~ 20,911) (4,724-17,827)
Length of stay (days) 5(2-9) 4 (2-8) <0.001

Abbreviations: ICH: Intracerebral Hemorrhage, IQR: Inter Quartile Range

Data are presented as number (%) unless otherwise specified.
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TABLE 3

Multivariate Logistic regression Analysis of Discharge Outcomes in ICH Patients with Cancer.

outcome ICH ittt Concr  CH it Caror - AdLOR - Pualue
All Cases Included
Inpatient Mortality 16,779 (29.2) 8,361 (37.3) 1.62 (1.56-1.69) <0.001
Favorable Discharge 165,059 (33.9) 4,393 (23.5) 0.59 (0.56-0.63)  <0.001
Unfavorable Discharge 253,924 (52.2) 11,829 (63.2) 1.74 (1.57-1.89)  <0.001
Palliative Care and Early Death (<48 hours) Excluded
Inpatient Mortality 77,246 (16.3) 3,382 (20.1) 1.54 (1.46-1.61)  <0.001
Unfavorable Discharge 170,058 (42.4) 7,304 (51.8) 1.46 (1.37-1.52)  <0.001
Favorable Discharge 164,393 (41.0) 4,350 (30.8) 0.65 (0.61-0.71)  <0.001

Abbreviations: Adj: adjusted, Cl: Confidence Interval, OR: Odds Ratio

Favorable discharge = home/self-care or rehabilitation
Unfavorable discharge = skilled nursing facility, hospice, or death.

Sum of favorable and unfavorable discharge rates is not 100% as other less common specified (such as home health care, law enforcement,

intermediate care center) and unspecified discharge dispositions were not included in the definitions.
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