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New Cancer Diagnosis

_Prior Frequent Emergency Department Use as a
Predictor of Emergency Department Visits After a

Arthur S. Hong, MD, MPH'23; Danh Q. Nguyen, BS*; Simon Craddock Lee, PhD, MPH?3; D. Mark Courtney, MD, MSCI®;
John W. Sweetenham, MD**; Navid Sadeghi, MD**5; John V. Cox, DO, MBA*¢; Hannah Fullington, MPH?; and

Ethan A. Halm, MD, MPH, MBA*23

QUESTION ASKED: Among adults with newly diagnosed
cancer, how strongly is emergency department (ED)
visit volume before cancer diagnosis associated with
ED visits after cancer diagnosis compared with other
known predictors of ED use (social determinants of
health [SDH] and clinical cancer-related factors)?

SUMMARY ANSWER: Frequent pre—cancer diagnosis
ED use was strongly associated with post—cancer di-
agnosis ED visit volume, with a predictive impact
nearly twice as high as those of the strongest SDH or
clinical predictors.

WHAT WE DID: We identified adults diagnosed with
cancer between 2008 and 2018 at an academic
medical center and a safety-net hospital and matched
them to a regional health information exchange of ED
encounters at 98% of the nonfederal hospitals in North
Texas. We used a multivariable negative binomial
regression to model the number of ED visits in the first
6 months after an incident cancer diagnosis with the
following prespecified predictors: ED visit history in the
6-12 months preceding cancer diagnosis, electronic
health record proxy SDH (race, language preference,
insurance type, and homelessness), and clinical se-
verity (cancer type, stage at diagnosis, initial treatment
modalities, and comorbidities).

WHAT WE FOUND: Among 35,090 patients with cancer
(49% female and 50% non-White), 57% had = 1 ED
visit in the 6 months immediately following cancer
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diagnosis and 20% had = 1 ED visit in the 6-12
months prior to cancer diagnosis. The strongest pre-
dictor of postdiagnosis ED visits was frequent (= 4)
prediagnosis ED visits (adjusted incidence rate ratio
[alRR]: 3.68; 95% Cl, 3.36 to 4.02). Having 1-3
prediagnosis ED visits (alRR: 1.32; 95% Cl, 1.28 to
1.36), Hispanic (alRR: 1.12; 95% Cl, 1.07 to 1.17)
and Black (alRR: 1.21; 95% Cl, 1.17 to 1.25) race,
homelessness (alRR: 1.95; 95% Cl, 1.73 to 2.20),
advanced-stage cancer (alRR: 1.30; 95% Cl, 1.26 to
1.35), and treatment regimens including chemother-
apy (alRR: 1.44; 95% Cl, 1.40 to 1.48) were also
associated with greater postdiagnosis ED use.

BIAS, CONFOUNDING FACTOR(S): This was an obser-
vational study, so there may be residual unmeasured
confounders affecting our results. However, we did
adjust for major SDH and measures of clinical se-
verity such as cancer type and stage, comorbidities,
and treatment modalities received. Furthermore,
our findings were robust to a number of sensitivity
analyses.

REAL-LIFE IMPLICATIONS: Frequent ED use prior to
cancer diagnosis may serve as a surrogate marker that
could be used to identify patients likely to have fre-
quent postdiagnosis ED visits. Efforts to reduce ED
visits among patients with cancer should consider
tailoring interventions that target heavy prior ED users
when offering alternative acute care options.
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& PURPOSE To determine whether emergency department (ED) visit history prior to cancer diagnosis is associated

S‘f with ED visit volume after cancer diagnosis.

: METHODS This was a retrospective cohort study of adults (= 18 years) with an incident cancer diagnosis

% (excluding nonmelanoma skin cancers or leukemia) at an academic medical center between 2008 and 2018
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and a safety-net hospital between 2012 and 2016. Our primary outcome was the number of ED visits in the first
6 months after cancer diagnosis, modeled using a multivariable negative binomial regression accounting for ED
visit history in the 6-12 months preceding cancer diagnosis, electronic health record proxy social determinants
of health, and clinical cancer-related characteristics.

RESULTS Among 35,090 patients with cancer (49% female and 50% non-White), 57% had = 1 ED visit in the
6 months immediately following cancer diagnosis and 20% had = 1 ED visit in the 6-12 months prior to cancer
diagnosis. The strongest predictor of postdiagnosis ED visits was frequent (= 4) prediagnosis ED visits (adjusted
incidence rate ratio [alRR]: 3.68; 95% Cl, 3.36 to 4.02). Other covariates associated with greater postdiagnosis
ED use included having 1-3 prediagnosis ED visits (alRR: 1.32; 95% ClI, 1.28 to 1.36), Hispanic (alRR: 1.12;
95% Cl, 1.07 to 1.17) and Black (alRR: 1.21; 95% Cl, 1.17 to 1.25) race, homelessness (alRR: 1.95; 95% ClI,
1.73 to 2.20), advanced-stage cancer (alRR: 1.30; 95% Cl, 1.26 to 1.35), and treatment regimens including
chemotherapy (alRR: 1.44; 95% Cl, 1.40 to 1.48).

CONCLUSION The strongest independent predictor for ED use after a new cancer diagnosis was frequent ED visits
before cancer diagnosis. Efforts to reduce potentially avoidable ED visits among patients with cancer should
consider educational initiatives that target heavy prior ED users and offer them alternative ways to seek urgent
medical care.

JCO Oncol Pract 17:e1738-e1752. © 2021 by American Society of Clinical Oncology

INTRODUCTION

The literature on frequent emergency department (ED)
use among the general patient population largely fo-
cuses on clinical characteristics (eg, mental health
conditions)!® and indicators of social disadvantage
(eg, social determinants of health [SDH1)* as predic-
tors of ED use. Currently, health care systems largely
rely on patients to triage the severity and urgency of
their illness when they get sick and decide between
going to the ED versus less expensive alternative sites
of care, something patients may be ill-equipped to
judge.

How to decide when and where to seek acute care
when sick is even more challenging for patients with
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cancer. Adults newly diagnosed with cancer frequently
visit the ED for nonemergent conditions because of
side effects of their treatment and/or symptoms related
to their underlying disease.>° This problem may be
exacerbated by warnings to be alert to seemingly minor
changes in condition: between 15% and 22% of
patients with cancer have two or more ED visits made
within 180 days of diagnosis.5>!*

Even privately insured patients encounter adminis-
trative barriers in accessing timely, appropriate-site,
and appropriate-specialty care.'? It follows that pa-
tients who have had poor prior experiences receiving a
timely and complete evaluation in outpatient settings
might learn to use the ED as a primary source of care.
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Other patients may not have enough health system savvy
from the outset to be aware of and seek out less costly sites
of acute care.

For a population-based cohort of patients with cancer in two
health systems, we used longitudinally linked ED visits,
including visits preceding the cancer diagnosis, to predict
the factors influencing ED visits in the 6 months after a new
cancer diagnosis. We hypothesized that ED visits post—
cancer diagnosis would be associated with their pre—
cancer diagnosis ED visit patterns, independent of other
known drivers of acute care such as cancer- and treatment-
related characteristics and SDH.

METHODS
Study Design, Population, and Setting

We conducted a retrospective analysis of comprehensive,
longitudinally linked ED encounters from a regional health
information exchange, the Dallas-Fort Worth Hospital
Council Foundation (Foundation), which contains infor-
mation on ED visits to > 80 hospitals in North Texas (all the
nonfederal hospitals in a 100-mile radius of Dallas). We
evaluated predictors of ED visits after a new cancer diag-
nosis across two different patient populations: patients with
cancer treated at the University of Texas Southwestern
Medical Center (University) and at the Parkland Health &
Hospital System (Parkland), the safety-net integrated
health system for Dallas County. We included patients who
had an incident cancer diagnosis between 2008 and 2018
among the University population and between 2012 and
2016 among the Parkland population. For patients with
synchronous diagnoses, we selected the highest-stage
cancer. For patients with metachronous cancer diagno-
ses, we selected the first diagnosis and excluded subse-
quent diagnoses. We excluded patients with only
nonmelanoma skin cancer because of lower ED use overall.
We also excluded patients with leukemia because of pro-
longed inpatient stays for acute leukemia and frequent
hospitalizations for relapse of disease,*® which make post—
cancer diagnosis ED use difficult to compare with other
cancers within a 6-month window.

Parkland is the primary provider of care for the under- and
uninsured in Dallas County and is the sole provider of
cancer care for the uninsured in the region. However,
Parkland patients do visit EDs at other hospitals, which may
not be captured by any single health system electronic
health record (EHR). Among our University population, we
have also found that two thirds of ED visits are made to other
health systems and are not captured by the local EHR.'*
Both health systems use the same EHR vendor (Epic,
Verona, WI). Some University faculty physicians supervise
trainees at Parkland, but the clinic staff providing acute
care triage are exclusive to each health system. We linked
patients from local cancer registries to the regional Foundation
database, which collects information for approximately
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12 million unique patients and their 65 million hospital
encounters. Visit-level data are organized into a master
patient index that assigns a unique identifier, allowing
longitudinal tracking of patients over time to all hospitals in
the Foundation database.

Using a combination of name, date of birth, zip code of
residence, and medical record number, we matched pa-
tients to their unique Foundation identifiers. The Foun-
dation database provided dates of ED arrival and discharge,
name of hospital and health system, and discharge dis-
position (including died in ED, transferred to another
hospital, observation stay, inpatient admission, and dis-
charged home).

Outcome

Our primary outcome was the number of ED visits in the first
6 months (180 days) after a new diagnosis of cancer. ED
visits that resulted in the initial pathology-confirmed cancer
diagnosis were excluded.

Covariates

Our primary prespecified predictor of interest was ED use
prior to cancer diagnosis, which we defined as the number
of ED visits 6-12 months (181-365 days) before diagnosis.
We categorized this variable as zero visits, 1-3 visits, or = 4
visits. To be conservative, we did not use ED visits in the 0-6
months immediately before diagnosis, as they could po-
tentially reflect early symptoms of the subsequently diag-
nosed cancer.

We prespecified additional predictors of postdiagnosis ED
visits on the basis of our team’s multidisciplinary expertise
and from prior literature that were available in the EHR.
These included a set of previously validated SDH variables
(race and/or ethnicity, non-English language preference,
insurance type at time of diagnosis, and homelessness),3*>1°
comorbidities at diagnosis (organized into Charlson Comor-
bidity Index),22! and clinical cancer-specific characteristics
obtained from local cancer registries maintained by health
systems that are Commission on Cancer-designated Aca-
demic Comprehensive Care, and National Cancer Institute-
designated Comprehensive Cancer Programs (cancer type,
whether advanced stage at diagnosis, and initial treatment
modalities [chemotherapy, radiation therapy, surgery, and/
or immunotherapyl).>?2 We categorized a patient as
homeless if their address was listed as homeless shelter in
the EHR at any point between 1 year (365 days) before or
6 months (180 days) after cancer diagnosis or if they re-
ceived care with the homeless health care program during
that period. Advanced stage was defined as stage IlIB or
higher for lung cancer, stage Ill or higher for pancreatic
cancer, and stage IV for all others except for brain
cancer.>?3 Because our overall cohort consisted of patients
from two distinct health systems spanning different time
periods, we included the patient’s health system (University
or Parkland) and year of cancer diagnosis as covariates.
The model was also adjusted for age, sex, and whether the
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patient died within 6 months (180 days) after cancer
diagnosis.

Statistical Analysis

We first grouped ED visits and ED visit history into a patient-
level data set and used descriptive statistics to characterize
the patient cohort. Next, we applied a multivariable neg-
ative binomial regression to model the number of ED visits
within the first 6 months after a new cancer diagnosis. We
chose negative binomial regression because of over-
dispersion of the outcome variable. For improved inter-
pretability, we used marginal effects methods to estimate
adjusted postdiagnosis ED visit counts across key strata of
interest.?*

Sensitivity Analyses

To assess the robustness of our findings, we conducted a
series of sensitivity analyses for the University and Parkland
cohorts separately. First, we reran our analyses for each
health system cohort separately. For both cohorts, we re-
peated analyses with (1) ED visit history 12-18 months prior
to cancer diagnosis as the primary predictor, (2) added
interaction terms between initial treatment modalities and
cancer stage at diagnosis, (3) neighborhood education
level included as a binary covariate (low v not low), and (4)
excluded pre— and post—cancer diagnosis ED visits that
resulted in hospitalization.

For the University cohort, we repeated analyses with
neighborhood poverty level included as a binary covariate
(high vnot high). This was not done for the Parkland cohort
because many patients were enrolled in low-income in-
surance programs at the county (charity assistance) or state
level (Medicaid). We used validated measures to charac-
terize census tracts as low education (= 25% of individuals
older than age 25 years did not graduate high school) or
high poverty (= 10% of households below poverty
level).2527

For the Parkland cohort, we repeated analyses with the
addition of whether the patient listed a missing or non-
sensical social security number as a proxy for undocu-
mented immigration status as we hypothesized this could
influence ED utilization. Social security numbers were not
reliably identifiable in the University EHR.

Statistical analyses were performed using SAS 9.4 (SAS
Institute, Cary, NC) and Stata/SE 15.0 (StataCorp, College
Station, TX). The University of Texas Southwestern Medical
Center institutional review board approved this study (STU
112017-026 and 122017-042).

RESULTS
Patient Characteristics

We matched 35,090 patients from the University and
Parkland cancer registries to the Foundation database. Half
(49.4%) were female, one-third (33.7%) were = 65 years
old, 18.3% had a non-English language preference, 30.0%
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were uninsured or enrolled in Medicaid at the time of di-
agnosis, and 0.8% were homeless. The most common
cancers were breast (14.2%), lung (10.9%), Gl (10.6%),
prostate (10.2%), and colorectal (5.9%). Overall, one
quarter (24.2%) of individuals had advanced-stage cancer
at diagnosis, 41.6% had initial treatment regimens that
included chemotherapy, and 5.4% died within 6 months
after diagnosis.

More than half of the cohort (57.2%) had at least one ED
visit in the 6 months after cancer diagnosis, whereas one-
fifth (19.5%) had at least one ED visit in the 6-12 months
prior to cancer diagnosis. Complete demographics, cancer-
related characteristics, and ED visit counts are shown in
Table 1.

Predictors of ED Visits After Cancer Diagnosis

In our multivariable adjusted regression analysis, the
strongest independent predictor of postdiagnosis ED visits
was frequent (= 4) prediagnosis ED visits (adjusted inci-
dence rate ratio [alRR]: 3.68; 95% Cl, 3.36 t0 4.02) (Fig 1,
Appendix Table A1, online only). Patients with 1-3 pre-
diagnosis ED visits also had more ED visits following cancer
diagnosis, although to a lesser extent (alRR: 1.32; 95% ClI,
1.28 to 1.36).

SDH variables associated with greater postdiagnosis ED
use included Hispanic (alRR: 1.12; 95% CI, 1.07 to 1.17)
and Black (alRR: 1.21; 95% ClI, 1.17 to 1.25) race and/or
ethnicity, Medicaid (alRR: 1.45; 95% Cl, 1.39 to 1.52) and
county charity assistance (alRR: 1.32; 95% ClI, 1.27 to
1.38) insurance types, and homelessness (alRR: 1.95;
95% Cl, 1.73 to 2.20). Non-English language preference
was not significantly associated with postdiagnosis ED
visits.

Among the clinical covariates, we observed greater post-
diagnosis ED use for individuals with lung cancer (alRR:
1.26; 95% Cl, 1.19 to 1.34) and colorectal cancer (alRR:
1.19; 95% CI, 1.11 to 1.28), advanced-stage cancer at
diagnosis (alRR: 1.30; 95% ClI, 1.26 to 1.35), and initial
treatment regimens that included chemotherapy (alRR:
1.44,95% Cl, 1.40 to 1.48). Breast cancer was associated
with fewer postdiagnosis ED visits (alRR: 0.91; 95% ClI,
0.86 to 0.97). Full model results for the overall cohort are
shown in Appendix Table Al. Appendix Tables A2 and A3
(online only) contain full model results stratified by health
system.

Marginally Adjusted ED Visit Counts

In our adjusted marginal effects analysis, patients with
infrequent (1-3) and frequent (= 4) prediagnosis ED visits
had 0.33 (95% Cl, 0.291t0 0.37) and 2.77 (95% Cl, 2.43 to
3.10) more postdiagnosis ED visits, respectively, than
patients with zero prediagnosis ED visits (Table 2).

Sensitivity Analyses

Our findings were not substantively changed when mod-
eled for the two health system cohorts separately, nor in
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TABLE 1. Characteristics of Adults With Newly Diagnosed Cancer Across Two Health Systems?

Characteristic University Cohort (n = 26,493) Parkland Cohort (n = 8,597) Overall Cohort (N = 35,090)
Age = 65 years 38.3 19.3 33.7
Female 47.6 54.9 49.4
Race and/or ethnicity
Non-Hispanic White 59.2 22.6 50.2
Hispanic 15.3 38.3 20.9
Black 19.4 337 229
Others 6.1 5.5 6.0
Non-English language preference 134 334 18.3
Insurance type
Commercial or other government payer 47.7 4.2 37.1
Medicare 36.5 14.4 31.1
Medicaid 6.7 34.2 134
County charity assistance (uninsured) 8.6 41.3 16.6
Unknown 0.5 5.9 1.8
Homeless 0.1 3.1 0.8
Mean (SD) Charlson Comorbidity Index at diagnosis 1.7 (3.0) 0.8 (1.4) 1.5(2.7)
Cancer type
Lung 114 9.3 109
Breast 13.6 16.0 14.2
Colorectal 6.0 5.5 5.9
Gl 9.7 135 10.6
Head and neck 7.3 4.6 6.6
Brain 4.5 1.8 3.8
Kidney 55 4.8 5.4
Prostate 114 6.7 10.2
Cervical, uterine, ovarian, and vaginal 6.1 11.3 7.4
Lymphoma 8.3 7.2 8.1
Others 16.2 19.2 16.9
Advanced cancer stage at diagnosis 23.6 259 24.2
Died within 180 days after diagnosis 4.0 9.8 54
Initial cancer treatment modality
Surgery 54.4 50.5 58.5
Radiation therapy 35.8 279 33.9
Chemotherapy 41.7 41.2 41.6
Immunotherapy 5.9 6.3 6.0
No. of ED visits 6-12 months before cancer diagnosis
0 81.7 76.8 80.5
1-3 17.2 21.0 18.2
=4 1.1 2.2 14
No. of ED visits 6 months after cancer diagnosis
0 43.0 42.4 42.8
1-3 489 457 48.1
=4 8.2 11.8 9.1

Abbreviations: ED, emergency department; SD, standard deviation.
“Data presented as % unless otherwise specified.
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FIG 1. Key predictors of number of ED visits 6 months after cancer diagnosis. Shown are incidence rate ratios and
95% Cls of ED visits within 6 months after cancer diagnosis generated from a multivariable negative binomial
regression adjusted for health system (Parkland v University), age, sex, race and/or ethnicity, language preference,
insurance type, homelessness, Charlson Comorbidity Index at time of diagnosis, year of cancer diagnosis, cancer
type, advanced cancer stage at diagnosis, death within 6 months of diagnosis, and initial cancer treatment
modalities. Full model results are shown in Appendix Table Al. ®Number of ED visits within 6-12 months before
cancer diagnosis. alRR, adjusted incidence rate ratio; ED, emergency department; ref, reference.

sensitivity analyses that (1) used ED visit history 12-18
months prior to cancer diagnosis as the primary predictor,
(2) included interaction terms between initial treatment
modalities and cancer stage, (3) adjusted for neighborhood
education level, (4) excluded pre— and post—cancer di-
agnosis ED visits that resulted in hospitalization, (5) ad-
justed for neighborhood poverty level, and (6) adjusted for
whether a social security number was missing in the EHR.

TABLE 2. Predicted Number of ED Visits Within 6 Months After Cancer Diagnosis

Adjusted Difference in No. of Postdiagnosis ED
Visits (95% CI)

No. of Prediagnosis ED Visits® Univariate Multivariable

0 Ref Ref

1-3 0.38(0.33100.43)  0.33 (0.29 to 0.37)*

=1 3.11(2691t03.53) 2.77 (2.43 to 3.10)*

NOTE. *P < .001.
Abbreviations: ED, emergency department; ref, reference.
aNumber of ED visits within 6-12 months before cancer diagnosis.

e1742 © 2021 by American Society of Clinical Oncology

See Appendix Tables A2 and A3 for complete sensitivity
analysis results.

DISCUSSION

In this retrospective analysis of 35,090 adults with newly
diagnosed cancer across two health systems with diverse
populations, we identified a strong association between ED
use before cancer diagnosis and ED use after cancer di-
agnosis. Patients with frequent (= 4) ED visits in the
6 months prior to cancer diagnosis averaged nearly three
more postdiagnosis ED visits than patients with zero pre-
diagnosis ED visits. Our estimates are likely conservative
because we excluded ED visits in the 6 months leading up
to cancer diagnosis. Furthermore, our results were robust to
a number of sensitivity analyses. We also confirmed known
risk factors of postdiagnosis ED visits such as minority race
and/or ethnicity, homelessness, advanced-staged cancer,
and treatment regimens including chemotherapy and ra-
diation therapy.?®=°

Our most practice- and policy-relevant finding is the
strength of a patient’s prior ED visit history in predicting ED
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visits in the first 6 months after an incident cancer diag-
nosis. Adding to prior studies that identified prior acute care
use as a predictor of acute care use after initiation of
chemotherapy or radiation therapy,?®32 our study sampled
a diverse population of patients (half non-White), including
patients without insurance and who had not undergone
chemotherapy or radiation therapy, and accounted for SDH
variables. Frequent prediagnosis ED visits was by far the
strongest predictor of postdiagnosis ED visit volume, with a
predictive impact that nearly doubled those of the strongest
clinical or SDH predictors. Recognizing that sociodemo-
graphic and cancer-related factors are often beyond the
control of a patient or health system, and that many ED
visits may be clinically necessary, frequent prediagnosis ED
use may be a marker for potentially modifiable ED-seeking
behavior. Although we account only for certain SDH mea-
surable in the EHR, prediagnosis ED use was also strongly
predictive for the University cohort. We would not expect the
prevalence of only the unmeasured proxy SDH to be dis-
proportionately higher in the University cohort. Although some
faculty physicians practice at the University and supervise at
Parkland as well, we have low concern for correlation between
the health systems given that clinic staff that provide acute
care triage advice work exclusively at one health system.

We suspect that patients with prior frequent ED use are
exhibiting a behavior reinforced by interactions with the
health care system. Patients that frequently visit the ED may
find certain features of ED visits favorable to the alternatives
(eg, urgent clinic visit), and some may be unaware of al-
ternatives altogether. Although ED visits are accompanied
by longer visit times* and higher cost-sharing *>*¢the ED is
open 24 hours, does not require a scheduled appointment,
does not rely on patients to determine the severity of their
own medical condition, and is the only site of guaranteed
evaluation and clinical stabilization regardless of ability to
pay.3” Health systems might use this information to develop
educational initiatives that target heavy prior ED users and
offer them alternative ways to seek urgent medical advice.

To date, policy efforts discouraging patients from inap-
propriate ED visits have relied on post hoc financial pen-
alties, with some insurers requiring higher cost-sharing for
ED visits that, with the benefit of hindsight, are deemed
avoidable.®®3° Health care providers and policymakers
keen on reducing ED visits among patients with cancer
should be careful not to ignore that the patient’s decision to
visit the ED is made under a great deal of uncertainty.
Efforts to reduce ED use by patients with cancer should
include strategies to educate patients about the best ways
to judge how and where to receive care when sick (eg,
urgent telephone advice and ED v outpatient cancer urgent
care visit) with a sensitivity to understanding a patient’s
prior experiences. Although cancer centers often provide
instructions about when to call, come to the clinic, or go to
the ED, more in-depth educational approaches may be
needed for the subgroup of patients who are avid ED users
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prior to cancer diagnosis. Existing 24-hour telephone triage
lines could be emphasized, as well as ED alternatives such
as oncology urgent care clinics.*® Such an effort may be
more effective and patient-centered than issuing post hoc
financial penalties.

Our findings should be interpreted in the context of several
limitations. First, this is an observational study, and there may
be unmeasured confounders affecting our results. We were
unable to adjust for presenting complaint, which prior studies
have shown is closely tied to acute care use.?®*142 However,
we carefully adjusted for many of the important predictors of
illness severity and reliably measurable SDH. Second, of the
original 9,050 Parkland patients and 31,048 University pa-
tients, 448 Parkland (5.0%) and 4,555 University (14.7%)
patients were not matched to the Foundation database. Most
patients were likely unmatched because of data entry errors
and discrepancies. Some patients may not have matched
because of recent in-migration to the region. However, a
selective lack of prediagnosis ED visits would tend to un-
derestimate the magnitude of our prediagnosis ED visit pre-
dictor. It is also possible that the matching process combined
two different patients with the same names, dates of birth, and
zZip codes of residence, which would bias our results in both
directions. We suspect the frequency of this type of mismatch
to be exceedingly low given the multiple levels of detail used to
match patients. Third, we did not distinguish which ED visits
after cancer diagnosis could have been avoidable—
addressable in either an outpatient or specialized oncology
urgent care clinic. As to the generalizability of our findings, we
captured a broad array of cancer types within two distinct
health systems with diverse patient populations over a 10-year
time span. Conducting similar analyses across a wider geo-
graphic range would only be possible with a specific subset of
insured enrollees (eg, Medicare fee-for-service) rather than
our all-ages, population-level analysis and would exclude
uninsured patients. Additionally, the EHR-based measures of
SDH that we used are much less widely available in national-
level administrative data sets. However, our findings may not
be completely reflective of patients who had synchronous or
metachronous cancers.

As part of efforts to reduce potentially avoidable ED visits
among a population at high risk, we should take care to
understand the behavioral and experiential components of
patients seeking acute care. Frequent ED use prior to
cancer diagnosis may serve as a surrogate marker that we
can use to identify patients likely to have frequent post-
diagnosis ED visits. Further research is needed to under-
stand the reasons that underpin patient decisions to seek
ED care prior to cancer diagnosis, including qualitative
studies exploring the philosophy of seeking on-demand
care, cultural and/or community norms, and previous ex-
periences with the health care system. Health systems will
also need to provide more timely and patient-friendly sick
care telephone advice and accessible ED alternatives such
as specialized oncology urgent care clinics.
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APPENDIX

TABLE A1. Negative Binomial Regression Analysis for the Overall Cohort (N = 35,090)

Covariate Univariate IRR (95% CI) Multivariable alRR (95% CI)
Age, years
18-24 Ref Ref
25-34 1.06 (0.92 to 1.21) 0.98 (0.86 to 1.11)
35-44 1.05 (0.93 to 1.19) 0.98 (0.87 to 1.10)
45-54 1.06 (0.94 to 1.20) 0.94 (0.84 to 1.06)
55-64 0.99 (0.88to 1.11) 0.90 (0.80 to 1.00)*
=65 0.82 (0.73 to 0.93) 0.83 (0.74 to 0.93)***
Female 1.07 (1.04 to 1.10) 1.02 (0.99 to 1.06)

Race or ethnicity

Non-Hispanic White

Ref

Ref

Hispanic 1.28 (1.24 to 1.33) 1.12 (1.07 to 1.17)***
Black 1.45 (1.40 to 1.50) 1.21 (1.17 to 1.25)***
Others 0.97 (0.91 to 1.03) 0.96 (0.90 to 1.02)

Non-English language preference

1.07 (1.03 to 1.11)

0.99 (0.95 to 1.04)

Insurance type

Commercial Ref Ref
Medicare 1.11 (1.08 to 1.15) 1.17 (1.12 to 1.22)***
Medicaid 1.71 (1.64 to 1.78) 1.45 (1.39 to 1.52)***

County charity assistance (uninsured)

1.47 (1.41 to 1.53)

1.32 (1.27 to 1.38)***

Unknown

1.21 (1.09 to 1.34)

1.18 (1.06 to 1.30)***

Homeless

2.63 (2.30 to 3.01)

1.95 (1.73 to 2.20)***

Charlson Comorbidity Index at diagnosis, per 1 unit

1.03 (1.03 to 1.04)

1.02 (1.02 to 1.03)***

Year of cancer diagnosis

2008 Ref Ref

2009 1.11 (1.01 to 1.23) 1.04 (0.95 to 1.14)
2010 1.22 (1.12 t0 1.34) 1.18 (1.08 to 1.29)***
2011 1.23 (1.12 to 1.35) 1.16 (1.07 to 1.27)***
2012 1.32 (1.22 to 1.44) 1.19 (1.10 to 1.29)***
2013 1.36 (1.25 to 1.48) 1.23 (1.13 to 1.33)***
2014 1.35(1.24 to 1.47) 1.22 (1.12 to 1.32)***
2015 1.33 (1.22 to 1.44) 1.19 (1.10 to 1.29)***
2016 1.37 (1.27 to 1.49) 1.21 (1.11 to 1.31)***
2017 0.93 (0.86 to 1.01) 0.94 (0.87 to 1.02)
2018 0.77 (0.70 to 0.84) 0.86 (0.78 to 0.94)***

Cancer type

Lung 1.46 (1.40 to 1.52) 1.26 (1.19 to 1.34)***
Breast 0.79 (0.76 to 0.83) 0.91 (0.86 to 0.97)***
Colorectal 1.14 (1.08 to 1.21) 1.19 (1.11 to 1.28)***

Head and neck

1.23 (1.17 to 1.30)

1.20 (1.12 to 1.28)***

Melanoma

0.49 (0.44 to 0.53)

0.85 (0.77 to 0.94)***

Brain

1.02 (0.95 to 1.10)

1.34 (1.23 to 1.45)***

(continued on following page)
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TABLE A1. Negative Binomial Regression Analysis for the Overall Cohort (N = 35,090) (continued)

Covariate

Univariate IRR (95% CI)

Multivariable alRR (95% CI)

Kidney

0.81 (0.76 to 0.86)

1.21 (1.12 to 1.30)***

Prostate

0.48 (0.45 to 0.50)

0.78 (0.73 to 0.84)***

Other GU

0.90 (0.84 to 0.97)

1.35 (1.24 to 1.46)***

Lymphoma

1.10 (1.04 to 1.15)

1.05 (0.98 to 1.12)

Cervical, uterine, ovarian, and vaginal

1.27 (1.20 to 1.33)

1.30 (1.22 to 1.39)***

Pancreas

1.39 (1.29 to 1.51)

1.36 (1.24 to 1.48)***

Other Gl

1.33 (1.27 to 1.40)

1.31 (1.23 to 1.40)***

Advanced cancer stage at diagnosis

1.71 (1.65 to 1.76)

1.30 (1.26 to 1.35)***

Died within 180 days after diagnosis

1.58 (1.49 to 1.67)

1.30 (1.24 to 1.38)***

Initial cancer treatment modality

Surgery

0.65 (0.63 to 0.67)

0.84 (0.81 to 0.86)***

Radiation therapy

1.40 (1.36 to 1.44)

1.18 (1.15 to 1.22)***

Chemotherapy

1.72 (1.68 to 1.77)

1.44 (1.40 to 1.48)***

Immunotherapy

1.20 (1.13 to 1.27)

1.15 (1.09 to 1.22)***

No. of prediagnosis ED visits®

0 Ref Ref

1-3 1.32 (1.28 to 1.37) 1.32 (1.28 to 1.36)***

=4 3.67 (3.33 to 4.05) 3.68 (3.36 to 4.02)***
Cohort

University Ref Ref

Parkland 121 (1.17 to 1.25) 0.84 (0.81 to 0.88)***

NOTE. Boldface indicates a statistically significant alRR: *P < .05, ***P < .001.
Abbreviations: alRR, adjusted incidence rate ratio; ED, emergency department; GU, genitourinary; IRR, incidence rate ratio; ref, reference.

Number of ED visits within 6-12 months before cancer diagnosis.
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TABLE A2. Negative Binomial Regression and SAs for the University Cohort (n = 26,493) (continued)

Multivariable alRR (35% CI)

Covariate Unadjusted IRR (95% CI) Adjusted Model® SA 1" SA 2¢ SA 3' SA 4° SA5' SA 6° SAT"
Other GU 0.89 (0.83 to 0.96) 1.37 (1.25 to 1.51)*** 1.38 (1.26 to 1.52)*** 1.39 (1.23 to 1.57)*** 1.37 (1.25 to 1.51)*** 1.38 (1.25 to 1.51)*** 1.36 (1.24 to 1.50)*** 1.37 (1.25 to 1.51)*** 1.46 (1.30 to 1.65)"**
Lymphoma 1.08 (1.02 to 1.14) 1.11 (1.02 to 1.21)** 1.12 (1.03 to 1.21)** 1.12 (1.01 to 1.24)** 1.11 (1.02 to 1.21)** 1.10 (1.01 to 1.20)** 1.08 (0.99 to 1.17)* 1.11 (1.02 to 1.21)** 1.02 (0.91 to 1.13)
Cervical, uterine, ovarian, and vaginal 1.36 (1.28 to 1.45) 1.33 (1.22 to 1.45)*** 1.35 (1.24 to 1.47)** 1.30 (1.17 to 1.44)** 1.33 (1.22 to 1.45)"** 1.34 (1.23 to 1.46)"** 1.30 (1.20 to 1.42)"** 1.33 (1.22 to 1.45)*** 1.52 (1.36 to 1.69)"**
Pancreas 1.34 (1.22 to 1.46) 1.39 (1.25 to 1.54)** 1.40 (1.26 to 1.55)*** 1.30 (1.14 to 1.48)"** 1.39 (1.25 to 1.54)"* 1.38 (1.25 to 1.54)"** 1.37 (1.23 to 1.52)"** 1.39 (1.26 to 1.54)*** 1.27 (1.10 to 1.45)"**
Other GI 1.36 (1.28 to 1.44) 1.42 (1.30 to 1.54)** 1.44 (1.32 to 1.56)*** 1.41 (1.27 to 1.57)** 1.42 (1.31 to 1.54)"* 1.42 (1.30 to 1.54)*** 1.39 (1.28 to 1.51)"* 1.42 (1.30 to 1.54)*** 1.31 (1.18 to 1.46)"**
Advanced cancer stage at diagnosis 1.73 (167 to 1.79) 1.31 (1.26 to 1.36)"** 1.30 (1.25 to 1.35)*** 1.32 (1.26 to 1.38)*** 1.31 (1.26 to 1.36)*** 1.30 (1.25 to 1.35)*** 1.59 (1.50 to 1.68)*** 1.29 (1.22 to 1.35)*** 1.19 (1.13 to 1.25)**
Died within 180 days of diagnosis 161 (1.49t0 1.73) 1.37 (1.28 to 1.47)*** 1.37 (1.28 to 1.47)*** 1.34 (1.22 to 1.46)*** 1.37 (1.28 to 1.47)*** 1.37 (1.28 to 1.47)*** 1.34 (1.25 to 1.44)*** 1.37 (1.28 to 1.47)*** 0.99 (0.90 to 1.09)

Initial cancer treatment modality

Surgery 0.67 (0.65 to 0.69) 0.87 (0.84 to 0.90)*** 0.86 (0.83 to 0.90)*** 0.85 (0.81 to 0.89)*** 0.88 (0.84 to 0.92)*** 0.87 (0.84 to 0.90)*** 0.87 (0.84 to 0.90)*** 0.87 (0.84 to 0.90)*** 0.99 (0.95 to 1.04)

Radiation therapy 1.55 (1.50 to 1.60) 1.21 (1.17 to 1.25)*** 1.21 (1.17 to 1.25)*** 1.19 (1.14 t0 1.25)*** 1.21 (1.17 to 1.25)*** 1.27 (1.21 0 1.33)*** 1.19(1.15t0 1.23)*** 1.19 (1.15 to 1.24)*** 1.26 (1.20 to 1.31)***
Chemotherapy 1.77 (1.71 to 1.82) 1.39 (1.34 to 1.44)*** 1.38 (1.34 to 1.43)** 1.39 (1.33 to 1.45)*** 1.41 (1.34 to 1.47)** 1.45 (1.39 t0 1.52)*** 1.55 (1.48 to 1.61)*** 1.39 (1.35to 1.44)*** 1.33 (1.27 to 1.39)***
Immunotherapy 1.20 (1.12 t0 1.28) 1.17 (1.09 to 1.24)*** 1.16 (1.08 to 1.23)*** 1.15 (1.06 to 1.25)*** 1.17 (1.09 to 1.24)*** 1.16 (1.09 to 1.24)*** 1.16 (1.09 to 1.24)"** 1.17 (1.09 to 1.24)** 1.20 (1.10 to 1.30)***

No. of prediagnosis ED visits'

0 Ref Ref Ref Ref Ref Ref Ref Ref Ref
1-3 1.25 (1.20 to 1.30) 1.24 (1.19 to 1.28)** 1.23 (1.18 to 1.28)*** 1.24 (1.18 to 1.30)*** 1.24 (1.19 to 1.28)*** 1.24 (1.19 to 1.28)*** 1.24 (1.20 to 1.29)"** 1.24 (1.19 to 1.28)*** 1.43 (1.36 to 1.51)"**
=4 3.83 (3.39 t0 4.33) 4.09 (3.66 to 4.56)*** 4.46 (3.89 to 5.12)*** 4.58 (4.00 to 5.24)*** 4.08 (3.66 to 4.56)"** 4.08 (3.66 to 4.56)"** 4.13 (3.70 to 4.61)"** 4.08 (3.66 to 4.56)*** 7.17 (6.08 to 8.46)**

Additional covariates

Low neighborhood education — — — 1.08 (1.02to 1.13)*** — — — — —

High neighborhood poverty — — — 1.03 (0.98 to 1.08) — — — — —

Chemotherapy X surgery — — — — 0.98 (0.92 to 1.04) — — — —

Chemotherapy X radiation — — — — — 0.91 (0.86 to 0.97)** — — —

Advanced stage X chemotherapy — — — — — — 0.73 (0.68 to 0.78)"** — —

Advanced stage X radiation — — — — — — — 1.04 (0.97 to 1.12) —

NOTE. Boldface indicates a statistically significant alRR: *P < .05, **P < .01, and ***P < .001.

Abbreviations: alRR, adjusted incidence rate ratio; ED, emergency department; GU, genitourinary; IRR, incidence rate ratio; ref, reference; SA, sensitivity analysis.

2alRRs of ED visits within 6 months after cancer diagnosis generated from a multivariable negative binomial regression adjusting for all covariates listed in this table except for additional covariates.

®No. of ED visits within 12-18 months before cancer diagnosis as the primary predictor.

°Includes neighborhood education and poverty level as binary covariates (low v high); 9,764 patients whose listed addresses could not be mapped to neighborhood education and poverty levels were
excluded.

9Includes an interaction term between treatment with chemotherapy and surgery.

¢Includes an interaction term between treatment with chemotherapy and radiation.

fincludes an interaction term between advanced-stage cancer and treatment with chemotherapy.

glncludes an interaction term between advanced-stage cancer and treatment with radiation therapy.

"Excludes pre- and post-cancer diagnosis ED visits that resulted in hospitalization.

'No. of ED visits within 6-12 months (or 12-18 months in SA 1) before cancer diagnosis.
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TABLE A3. Negative Binomial Regression and SAs for the Parkland Cohort (n = 8,597) (continued)

Multivariable alRR (35% CI)

Covariate Unadjusted IRR (95% CI) Adjusted Model® SA 1" SA 2¢ SA 3' SA 4° SA5' SA 6° SAT"
Advanced cancer stage at diagnosis 163 (1.53to 1.74) 1.24 (1.16 to 1.34)*** 1.21 (1.13 to 1.30)*** 1.25 (1.17 to 1.34)** 1.25 (1.16 to 1.34)*** 1.25 (1.16 to 1.34)*** 1.45 (1.31 to 1.60)*** 1.20 (1.10 to 1.30)*** 1.08 (1.00 to 1.17)*
Died within 180 days after diagnosis 143 (1.30 to 1.57) 1.24 (1.13 to 1.36)*** 1.24 (1.13 to 1.36)*** 1.24 (1.13 to 1.36)*** 1.24 (1.13 to 1.36)"** 1.24 (1.13 to 1.36)*** 1.22 (1.11 to 1.33)*** 1.24 (1.13 to 1.36)*** 0.77 (0.68 to 0.86)***

Initial cancer treatment modality

Surgery 0.61 (0.58 to 0.65) 0.76 (0.71 to 0.81)*** 0.76 (0.71 to 0.81)*** 0.76 (0.71 to 0.81)*** 0.75 (0.69 to 0.81)*** 0.76 (0.71 to 0.81)*** 0.76 (0.71 to 0.81)*** 0.76 (0.71 to 0.81)*** 0.88 (0.82 to 0.95)"**
Radiation therapy 1.11 (1.04 to 1.19) 1.04 (0.98 to 1.11) 1.04 (098 to 1.12) 1.04 (0.98 to 1.11) 1.04 (098 to 1.11) 1.03(0.94 to 1.14) 1.03 (0.96 to 1.10) 1.00 (0.92 to 1.08) 1.02 (0.95 to 1.10)
Chemotherapy 1.63 (1.54 t0 1.72) 1.58 (1.48 to 1.68) " 1.56 (1.47 to 1.66)*** 1.58 (1.48 to 1.68) "~ 1.56 (1.44 to 1.69)*** 1.57 (1.46 to 1.69)* "~ 1.71 (1.59 to 1.84)"** 1.59 (1.49 to 1.69)** 1.57 (1.47 to 1.69)"**
Immunotherapy 1.19 (1.06 to 1.34) 1.12 (0.99 to 1.26)* 1.10 (0.98 to 1.24) 1.11 (0.99 to 1.25)* 1.12 (0.99 to 1.26)* 1.12 (0.99 to 1.26)* 1.12 (1.00 to 1.26)* 1.12 (0.99 to 1.26)* 1.09 (0.95 to 1.24)

No. of prediagnosis ED visits'

0 Ref Ref Ref Ref Ref Ref Ref Ref Ref
1-3 1.47 (1.37 to 1.57) 1.51 (1.41 to 1.61)*** 1.35 (1.26 to 1.45)"** 1.49 (1.39 to 1.59)*** 1.51 (1.41 to 1.61)* 1.50 (1.41 to 1.61)*** 1.51 (1.42 to 1.62)"* 1.51 (1.41 to 1.61)** 1.47 (1.37 to 1.59)"**
=4 3.29 (2.78 to 3.89) 3.01 (2.57 to 3.53)*** 3.46 (2.87 to 4.17)*** 2.99 (2.56 to 3.50)** 3.01 (2.57 to 3.53)"** 3.01 (2.57 to 3.53)** 3.01 (2.57 to 3.52)*** 3.01 (2.57 to 3.53)*** 4.65 (3.84 to 5.63)"**

Additional covariates

Missing SSN — — — 0.76 (0.69 to 0.83)*** — — — — —

Chemotherapy X surgery — — — — 1.03 (092 to 1.16) — — — —

Chemotherapy X radiation — — — — — 1.01 (0.89 to 1.15) — — —

Advanced stage X chemotherapy — — — — — — 0.77 (0.68 to 0.87)*** — —

Advanced stage X radiation — — — — — — — 1.15 (1.01 to 1.32)** —

NOTE. Boldface indicates a statistically significant alRR: *P < .05, **P < .01, and ***P < .001.

Abbreviations: alRR, adjusted incidence rate ratio; ED, emergency department; GU, genitourinary; IRR, incidence rate ratio; ref, reference; SA, sensitivity analysis; SSN, social security number.
2alRRs of ED visits within 6 months after cancer diagnosis generated from a multivariable negative binomial regression adjusting for all covariates listed in this table except for additional covariates.
®No. of ED visits within 12-18 months before cancer diagnosis as the primary predictor.

°Includes whether a SSN was available as a binary covariate.

9Includes an interaction term between treatment with chemotherapy and surgery.

¢Includes an interaction term between treatment with chemotherapy and radiation.

fiIncludes an interaction term between advanced-stage cancer and treatment with chemotherapy.

gIncludes an interaction term between advanced-stage cancer and treatment with radiation therapy.

"Excludes pre- and post-cancer diagnosis ED visits that resulted in hospitalization.

No. of ED visits within 6-12 months (or 12-18 months in SA 1) before cancer diagnosis.
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