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Abstract

Background: Multiple chronic conditions (MCCs) are associated with increased intensity of end-of-life (EOL)
care, but their effect is not well explored in patients with cancer.
Objective: We examined EOL health care intensity and advance care planning (ACP) documentation to better
understand the association between MCCs and these outcomes.
Design: Retrospective cohort study.
Setting/Subjects: Patients aged 18+ years at UW Medicine who died during 2010–2017 with poor prognosis
cancer, with or without chronic liver disease, chronic pulmonary disease, coronary artery disease, dementia,
diabetes with end-stage organ damage, end-stage renal disease, heart failure, or peripheral vascular disease.
Measurements: ACP documentation 30+ days before death, in-hospital death, and inpatient or intensive care
unit (ICU) admission in the last 30 days. We performed logistic regression for outcomes.
Results: Of 15,092 patients with cancer, 10,596 (70%) had 1+ MCCs (range 1–8). Patients with cancer and heart
failure had highest odds of hospitalization (odds ratio [OR] 1.67, 95% confidence interval [CI] 1.46–1.91), ICU
admission (OR 2.06, 95% CI 1.76–2.41), or in-hospital death (OR 1.62, 95% CI 1.43–1.84) versus patients with
cancer and other conditions. Patients with ACP 30+ days before death had lower odds of in-hospital death (OR 0.65,
95% CI 0.60–0.71), hospitalization (OR 0.67, 95% CI 0.61–0.74), or ICU admission (OR 0.71, 95% CI 0.64–0.80).
Conclusions: Patients with ACP 30+ days before death had lower odds of high-intensity EOL care. Further
research needs to explore how to best use ACP to ensure patients receive care aligned with patient and family
goals for care.
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Introduction

W ith our aging population, an increasing number of
patients with cancer have multiple chronic condi-

tions (MCCs), or multimorbidity,1,2 which can result in
higher health care utilization and costs at end of life (EOL)
compared to people with no or fewer chronic conditions
(CCs).3,4 Some patients prefer high-intensity EOL care such
as admission to the hospital or intensive care unit (ICU).
However, multiple studies have noted that a majority of pa-
tients prefer to die outside of the hospital with minimal
emergency department (ED) visits and hospitalizations at

EOL.5–7 Such high-intensity care may also complicate
grief for family members, as avoidance of both ICU ad-
mission and in-hospital death is associated with higher
quality EOL care assessments among surviving family
members.8 Previous studies on MCCs in patients with
cancer have largely focused on the link between MCCs,
subpar chemotherapy receipt, and increased chemotherapy
toxicity.9,10 While some recent studies have reported an
association between the number of CCs and higher risk of
hospitalization at EOL,11,12 data are limited on how the
type and number of MCCs affect health care use among
patients with cancer.
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Advance care planning (ACP) offers patients the chance to
describe their goals for EOL care while they are still able to
do so. Completion of ACP can vary with age, race, income,
palliative care referral, and type of cancer diagnosis.13–15

Effective ACP can be challenging for many reasons. For
example, ACP documentation may reflect care and prefer-
ences before a cancer diagnosis: in one study 53% of patients
with cancer had completed ACP documentation before re-
ceiving a cancer diagnosis.16 In a retrospective analysis of
patients with advanced cancer, ACP documentation six
months before death was associated with reduced hospital
admission in the last month of life compared to ACP com-
pleted one month before death.17 Unfortunately, clinicians
may not be aware of prior ACP and thus default to high in-
tensity care and ‘‘full code’’ status. At one center, of patients
with advanced cancer admitted to the ICU with a ‘‘full code’’
status, approximately half had a code status change during the
admission to do not resuscitate as this was their preference
before hospitalization that was not noted during ICU admis-
sion.18 Finally, changes in advance directives in the last
30 days of life may actually be the outcome of prior high
intensity care, making it important to consider the timing of
ACP documentation as a predictor of high intensity care.19

While the presence of MCCs is becoming more common-
place among patients with cancer and the use of ACP is in-
creasing,20 little data are available on the relationship between
MCCs and ACP among patients with cancer. Additional data
regarding how the number and type of MCCs affect EOL care
among people with cancer can help identify populations more
likely to be at risk for goal-discordant care and target such
patients with interventions to facilitate ACP and receipt of
EOL care that is aligned with patient and family goals for care.
In this study, we characterized ACP documentation before the
last month of life and health care utilization in the last month
of life among patients with cancer with or without CCs. We
determined the association between number and type of CCs,
ACP documentation before the last month of life, and high-
intensity EOL health care utilization. We also evaluated the
relationship between ACP documentation at least 30+ days
before death and health care use in the last month of life.

Methods

Study population

For this study we utilized the Cambia Metrics database,
which links Washington State death certificates to the elec-
tronic health record (EHR) of the UW Medicine system. UW
Medicine is the largest public health system in the Puget
Sound region and includes outpatient clinics, a National
Cancer Institute-designated comprehensive cancer center, an
academic medical center, two community hospitals, and a
county safety-net hospital.

We included patients ages 18 years and up who died be-
tween 2010 and 2017 with a diagnosis of poor prognosis cancer
(metastatic or aggressive, e.g., acute myeloid leukemia) and at
least one of the following CCs identified in the 24 months
preceding death: chronic liver disease, chronic pulmonary
disease, coronary artery disease, dementia, diabetes with end-
stage organ damage, end-stage renal disease, heart failure, and
peripheral vascular disease.21 We adapted Dartmouth Atlas
criteria to identify diagnoses based on ICD-9 and ICD-10
codes and to assign patients to UW Medicine facilities, using

the criteria of a nonelective nonsurgical hospitalization in the
24 months preceding death or at least two outpatient visits at
the same UW Medicine site in the last 32 months of life, with at
least one visit in the last 24 months of life.21

Covariates

We identified confounders a priori. Social determinants of
health, including race, level of education, and marital status,
were identified from the Washington State death certificates.
Age, sex, functional limitation, and insurance status were
identified from the EHR. We created a binary variable for
functional limitation based on codes found in the EHR,
drawing from a claims-based algorithm to predict the need for
assistance with daily activities of living.22 The algorithm uses
International Classification of Disease, Healthcare Common
Procedure Coding System, and Current Procedural Termi-
nology codes available in patient charts to predict dependency
in daily activities. We adjusted for this variable to ensure that
associations with CCs were not exclusively due to functional
limitations from the CCs.

Outcomes of interest

Our outcomes of interest were the presence of ACP docu-
mentation (which we defined as a health care directive, a du-
rable power of attorney for health care, or a Physician Order for
Life-Sustaining Treatments (POLSTs) present in the EHR) at
least 30 days before death. We defined high-intensity health
care use in the last 30 days of life using previously published
criteria, specifically ED visits not resulting in a hospitalization,
inpatient hospitalizations, ICU admissions, and in-hospital
death.23 We identified health care utilization and ACP docu-
mentation from the EHR. Place of death (in or out of hospital)
was identified from Washington State death certificates.

Statistical analysis

We described the sample by the number and type of co-
morbidities. We used multivariable logistic regression to eval-
uate the relationship between number of comorbidities, type of
comorbidities, and outcomes of interest. We controlled for the
aforementioned a priori confounders. We also examined the
association between ACP documentation 30+ days before death
and health care utilization in the last 30 days. Our reference
group was patients with cancer and no CCs. Statistical signifi-
cance was set at p < 0.01 to account for multiple comparisons.

The University of Washington Institutional Review Board
approved this study and issued a waiver of consent to access
decedent records, in accordance with Washington State law.
We performed all analyses using SAS version 9.4.

Results

CCs of interest

Of 15,092 patients with cancer, 10,596 (70%) had at least
one CC besides cancer (Table 1). Patients with three or more
CCs were more often older, male, unmarried, non-white,
Medicare insured, and with functional limitation compared to
those with fewer or no CCs. Of those with three or more
noncancer CCs, 84% had codes indicating functional limi-
tation compared to 43% of patients with cancer and no other
CCs. Among those with two or more chronic noncancer
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conditions, the most commonly observed conditions were
coronary artery disease, heart failure, chronic pulmonary
disease, and renal disease. For those with one noncancer CC,
the most common comorbidity was pulmonary disease or
liver disease, followed by coronary artery disease.

ACP documentation across all MCCs

The highest percentage of patients with documentation of
ACP at least 30 days preceding death occurred among those
with three or more CCs (34%) (Fig. 1). For all MCCs, <35% of
patients had ACP documentation 30+ days before death and
10% of patients had ACP documentation noted in their EHR for
the first time in the last month of life. With respect to type of
MCC (Fig. 2), the highest percentage of patients with ACP
documentation 30+ days before death were patients with de-
mentia (35%), while the lowest was among patients with pul-
monary or liver disease, both at 29%. Overall, 9947 (66%) of the
patients with cancer had no ACP documentation in the EHR.

Health care use in last month of life
for patients with cancer

The highest proportion of patients dying in the hospital or
dying with an in-patient admission or ICU admission in the last

30 days of life occurred among those with 3+ MCCs (Fig. 1).
ED visits (without hospitalization) were slightly more com-
mon among those with two MCCs compared to three MCCs
(4% vs. 3%). Across all categories, 3.7% of patients visited the
ED in their last month of life. Among types of MCCs, 48% of
patients with heart failure died in the hospital compared to
30% of those with dementia. Patients with cancer and heart
failure also had the highest percentage of ICU admission
(28%) and inpatient hospitalization (41%). The percentage of
in-hospital death ranged from 30% among those with dementia
to 48% among those with heart failure. Patients with heart
failure had the highest percentage of hospitalizations in the last
30 days of life (41%), while those with chronic pulmonary
disease had the lowest (28%). Patients with heart failure also
had the most ICU admissions in the last 30 days (28%), while
those with dementia had the least (14%).

Odds of outcomes by number and type of MCCs

Compared to patients with cancer and no other comorbid-
ities, we found significant associations between number of
comorbidities and type of comorbidities for EOL health care
use and ACP documentation (Table 2). Those with cancer and
3+ MCCs had the highest odds of inpatient admission, ICU

Table 1. Demographics and Clinical Condition Prevalence by Number of Multiple

Chronic Conditions among 15,092 Patients with Cancer

Cancer and
0 MCCs

(n = 4496, 30%)

Cancer and
1 MCC

(n = 5687, 38%)

Cancer and
2 MCCs

(n = 2680, 18%)

Cancer and 3
or more MCCs
(n = 2229, 15%)

Age at death in years, median (range) 63 (18–102) 64 (18–101) 67 (19–101) 70 (20–104)
Age at death in years, mean (SD) 62.5 (13.4) 63.1 (13.6) 66.5 (12.9) 69.5 (12.1)
Female, n (%) 2212 (49.2) 2527 (44.4) 1039 (38.8) 760 (34.1)
Functional limitation, n (%) 1944 (43.2) 3169 (55.7) 1882 (70) 1872 (84)
Dartmouth MCCs, n (%)

Coronary artery disease 367 (6) 707 (26) 1395 (63)
Dementia 75 (1) 110 (4) 176 (8)
Diabetes 183 (3) 385 (14) 754 (34)
Heart failure 170 (3) 453 (17) 1161 (52)
Liver disease 589 (10) 422 (16) 417 (19)
Peripheral vascular disease 100 (2) 255 (10) 724 (32)
Pulmonary disease 586 (10) 880 (33) 1142 (51)
Renal disease 257 (5) 529 (20) 1130 (51)

Race, n (%)
White 3902 (87) 4855 (85.5) 2284 (85) 1844 (83)
Asian 299 (6.5) 389 (7) 166 (6) 145 (6.5)
Black 165 (3.5) 267 (5) 147 (5) 151 (7)
Other/unknown 130 (3) 176 (2.5) 86 (4) 89 (3.5)

Marital status, n (%)
Married or in a partnership 2741 (61) 3261 (57) 1459 (54) 1184 (53)
Not currently married 1741 (38.5) 2400 (42.5) 1202 (45) 1022 (46)
Unknown 14 (0.5) 26 (0.5) 19 (1) 23 (1)

Education level, n (%)
High school graduate/GED or less 1580 (35) 2119 (37) 1625 (60) 960 (43)
Some college or more 2885 (64) 3506 (62) 1017 (39) 1218 (55)
Unknown 31 (1) 62 (1) 38 (1) 51 (2)

Insurance type, n (%)
Private 1972 (44) 2295 (40) 938 (35) 684 (31)
Medicare 1430 (32) 1844 (33) 971 (36) 897 (40)
Medicaid 709 (16) 1102 (20) 549 (21) 461 (21)
Military, other, or uninsured 385 (8) 446 (7) 222 (8) 187 (8)

GED, general equivalency diploma; MCCs, multiple chronic conditions; SD, standard deviation.
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admission, in-hospital death, and ACP 30+ days before death.
The highest odds of an ED visit in the last 30 days were among
those with cancer and two MCCs rather than those with more
MCCs.

Across different types of comorbidity (Table 2), patients
with cancer and liver disease had the highest odds of ACP
30+ days before death (odds ratio [OR] 1.30, 95% confidence
interval [CI] 1.13–1.49). Patients with cancer and heart fail-
ure had the highest odds of hospitalization (OR 1.67, 95% CI
1.46–1.91), ICU admission (OR 2.06, 95% CI 1.76–2.41),
and in-hospital death (OR 1.62, 95% CI 1.43–1.84).

Association of outcomes and ACP documentation

Compared to patients without ACP at least 30 days before
death, patients with ACP 30+ days before death had lower
odds of in-hospital death (OR 0.65, 95% CI 0.60–0.71), in-
patient hospitalization (OR 0.67, 95% CI 0.61–0.74), and

ICU admission (OR 0.71, 95% CI 0.64–0.80). We found no
association between ACP 30+ days before death and ED visit
without admission (OR 1.19, 95% CI 0.96–1.48).

Discussion

We examined the relationship between the number and
type of CCs on health care utilization at the EOL and ACP
documentation among adults with cancer. We found that
utilization of high intensity EOL care increased as the num-
ber of CCs co-occurring with cancer increased. We also
found that ACP documentation increased as the number of
CCs increased, suggesting that patients with cancer and
MCCs are more likely to be offered an opportunity to par-
ticipate in ACP, but the total percent of these patients with
numerous and complex conditions (34%) who complete ACP
is still low. We found that patients with ACP documented 30+
days before death were significantly less likely to die in the

FIG. 1. Outcomes of interest by number of chronic conditions. ACP, advance care planning; CCs, chronic conditions; ED,
emergency department; ICU, intensive care unit.

FIG. 2. Outcomes of interest by type of co-occurring chronic conditions. CAD, coronary artery disease; HF, heart failure;
DM, diabetes mellitus; PVD, peripheral vascular disease.
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hospital or experience hospitalization or ICU admission in
the last 30 days of life, after adjusting for confounders.
Among patients with different comorbidities, those with
heart failure and cancer had significantly higher odds of in-
hospital death, as well as hospitalization or ICU admission, in
the last 30 days of life.

For this study we utilized the Cambia Metrics database, a
database of Washington State death certificates linked to the
EHR of UW Medicine.24 Unlike previous studies that rely on
insurance claims only or focus on Medicare enrollees, we had
access to treatment, ACP, and death information for adults
ages 18 years and older. This has allowed us to include those
under age 65 years who are typically insured privately or
through Medicaid. As the average age of comorbidity onset
has dropped over time,25 our analysis provides additional
insight on how to improve EOL care among both older and
younger adults with cancer and CCs.

Although other studies have studied MCCs and cancer,
they did not evaluate ACP or used smaller sample sizes and
could not describe relationships between type of comorbidity
and outcomes. For example, Koroukian et al.12 used the
Health and Retirement Study composed of patient interviews
linked to fee-for-service Medicare claims to evaluate EOL
health care use and CCs among older adults with cancer. This
study was unable to evaluate the association between type of
comorbidity and EOL health care use and found no signifi-
cant association between number of MCCs and health care at
EOL, perhaps due to a smaller sample (n = 835).12 It is also
possible that the severity of MCCs matters more than the
number of MCCs, and severity is difficult to estimate without
extensive clinical data. Future studies will need to account for
the type, combinations, and severity of MCCs.

Similar to a previous study using this database, we found
that a higher number of comorbidities was positively asso-
ciated with higher health care use at EOL.26 In addition, we
found that patients with the highest comorbidity burden ex-
perienced the highest intensity of EOL health care use despite
having more ACP documentation in their EHR. This may
indicate that patients and families need additional support to
provide out of hospital care, especially as death nears. Pre-
vious studies found that patients with advanced cancer and
their caregivers seek emergency care because of inadequate
community-based services, to relieve anxiety and to feel safe
in the hospital.27 A recent analysis noted that commercially
insured patients who received ACP also had more hospital-
izations28; it is possible that in our population sicker patients
were more likely to participate in ACP, but also needed
hospitalization due to more severe illness.

We found that patients with ACP at least one month before
death received less intensive care. This relationship between
ACP and less intensive care was also observed in a study of
hematopoietic stem cell transplant recipients29 and in a sys-
tematic review of ACP in patients with advanced cancer, each
demonstrating that ACP 30+ days before death was associ-
ated with significantly lower odds of hospitalization, ICU
admission, and death in hospital.30

These findings suggest an area for additional palliative
care interventions to clarify goals for care and caregiver
needs toward the EOL. Such interventions have the potential
to spare patients and families from unwanted care and to
reduce costs associated with that care. Patients with cancer
who had EOL discussions have less intensive health care use
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and lower health care costs in the last week of life compared
to patients who did not have such discussions.31 May et al.
conducted a single-center analysis demonstrating that palliative
care is most cost-effective when delivered to patients with
cancer and a high comorbidity burden early in the hospital stay,
thus avoiding additional laboratory testing and resulting in
shorter lengths of stay.32 These results were later confirmed
in a systematic review and meta-analysis, noting that patients
with cancer and comorbidities had significantly lower direct
hospital costs after early palliative care consultation.33

Our variation in ACP documentation across different types
of comorbidities may reflect lack of communication between
physicians and patients, but also—for patients with MCCs—
between physicians of different specialties. If a patient has
MCCs resulting in a prognosis with a higher degree of uncer-
tainty, physicians often struggle with the timing of ACP con-
versations.34 In this study, we categorized multiple types of
documents as ACP. It is possible that the layout and content of
some ACP documents (e.g., POLST) more clearly convey pa-
tient wishes compared to other documents, for example, a living
will. We did not complete a qualitative evaluation of the ACP
documents in our database; future research is needed on the most
effective type of ACP documentation for goal-concordant care.

Our study is limited by a number of factors. First, we do
not have performance status for patients, as these data are
not routinely available in the EHR. Second, we used a pre-
viously published claims-based analysis to create a variable
for functional limitation. As this is a surrogate measure for
limitation in activities of daily living (ADLs) rather than a
direct measurement of ADLs, it may not accurately depict
the impact of functional limitation on patients. Third, we
focused on eight specific severe CCs in addition to cancer,
but other comorbidities may also be important. However, the
comorbidities selected for our analysis represent the most
common causes of death in the United States, excluding
accidents, infections, and suicide.35 Fourth, we sought to
capture how the number and type of MCCs may affect health
care utilization; future work will need to determine how
the severity or various combinations of comorbidities (e.g.,
heart failure and chronic obstructive pulmonary disease) that
accompany a cancer diagnosis affect utilization. Fifth, we
identified decedents who had cancer or specific comorbid-
ities, but we are not able to determine the cause of death or
the specific disease associated with health care use at the
EOL. Finally, as we did not complete a qualitative evalua-
tion of ACP documentation, it is difficult to know the exact
wishes of the patients in this study.

In conclusion, we found that an increasing number of CCs
co-occurring with cancer were associated with increased uti-
lization of high intensity care at the EOL. We also found that
ACP documentation increased as the number of CCs in-
creased, but in adjusted analyses ACP was associated with
lower odds of higher intensity care. This research may identify
opportunities to explore interventions designed to support
oncologists and other specialists (e.g., cardiologists, nephrol-
ogists, and pulmonologists) to collaboratively deliver care
designed to achieve goal-concordant care at EOL.
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