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QUESTION ASKED: How frequently do oncology in-
patients at a National Cancer Institute (NCI) Com-
prehensive Cancer Center transfer to the intensive care
unit (ICU) or die, and what risk factors for these events
can be identified?

SUMMARY ANSWER: In this observational study of
over 20,000 admissions at an NCI–certified Com-
prehensive Cancer Center, more than 9% experi-
enced death on the wards or transfer to the ICU.
Independent risk factors for these two events in-
cluded patient demographics, initial severity of ill-
ness, hospitalization factors, and the development of
complications such as bloodstream infection or tu-
mor lysis syndrome.

WHAT WE DID: We conducted a retrospective cohort
study at a large urban academic hospital between
January 1, 2014, and June 30, 2017. We evaluated
21,219 patient admissions for clinical deterioration (a
composite of ward death and transfer to the ICU) and
conducted logistic regression analysis to identify in-
dependent risk factors for this outcome among patient
and hospitalization characteristics.

WHAT WE FOUND: We identified clinical deterioration
within 1,945 patient admissions (9.2%): 1,365 (6.4%)

admissions had at least one ICU transfer, and 580
(2.7%) admissions died on the wards. Independent
risk factors for clinical deterioration included age,
male gender, comorbidities, initial severity of illness,
emergency admission, hospitalization on telemetry-
capable hematologic malignancy wards, develop-
ment of bacteremia, fungemia, or tumor lysis syn-
drome, and receipt of antimicrobials and blood
transfusions.

BIAS, CONFOUNDING FACTORS: Because our findings are
from a single, quaternary referral center, they may not be
generalizable to other settings. Additionally, our results
share the same limitations as all findings drawn from
administrative and electronic health record data.

REAL-LIFE IMPLICATIONS:Because oncology inpatients
appear to deteriorate more frequently than general
ward patients, these results may have important
implications for practicing oncologists and hospital-
based clinicians. In particular, our findings could
influence oncology ward monitoring strategies, in-
cluding the allocation of acute and critical care re-
sources and development, testing, and use of specific
early warning systems tailored to populations with
malignancies.
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abstract

PURPOSE Patients hospitalized outside the intensive care unit (ICU) frequently experience clinical deterioration.
Little has been done to describe the landscape of clinical deterioration among inpatients with cancer. We aimed
to describe the frequency of clinical deterioration among patients with cancer hospitalized on the wards at
a major academic hospital and to identify independent risk factors for clinical deterioration among these
patients.

METHODS This was a retrospective cohort study at a 1,300-bed urban academic hospital with a 138-bed
inpatient cancer center. We included consecutive admissions to the oncology wards between January 1, 2014,
and June 30, 2017. We defined clinical deterioration as the composite of ward death and transfer to the ICU.

RESULTSWe evaluated 21,219 admissions from 9,058 patients. The composite outcome occurred during 1,945
admissions (9.2%): 1,365 (6.4%) had at least one ICU transfer, and 580 (2.7%) involved ward death. Logistic
regression identified several independent risk factors for clinical deterioration, including the following: age (odds
ratio [OR], 1.33 per decade; 95% CI, 1.07 to 1.67), male sex (OR, 1.15; 95% CI, 1.05 to 1.33), comorbidities,
illness severity (OR, 1.11; 95% CI, 1.10 to 1.13), emergency admission (OR, 1.45; 95% CI, 1.26 to 1.67),
hospitalization on particular wards (OR, 1.525; 95% CI, 1.326 to 1.67), bacteremia (OR, 1.24; 95% CI, 1.01 to
1.52), fungemia (OR, 3.76; 95% CI, 1.90 to 7.41), tumor lysis syndrome (OR, 3.01; 95% CI, 2.41 to 3.76), and
receipt of antimicrobials (OR, 2.04; 95% CI, 1.72 to 2.42) and transfusions (OR, 1.65; 95% CI, 1.42 to 1.92).

CONCLUSION Clinical deterioration was common; it occurred in more than 9% of admissions. Factors in-
dependently associated with deterioration included comorbidities, admission source, infections, and blood
product transfusion.

J Oncol Pract 15:e652-e665. © 2019 by American Society of Clinical Oncology

INTRODUCTION

Cancer incidence and prevalence are expected to in-
crease as a result of aging populations,1 widespread
screening, and treatment improvements.2 Simulta-
neously, improved care of seriously ill patients and
changes to guidelines3,4 and triage practices have led
more patients with cancer to be treated in intensive care
units (ICUs) upon clinical deterioration.5,6 In some
cohorts, up to 20% of critical care admissions involve
active malignancy.7 These numbers are increasing as
novel therapies introduce new complications and
syndromes that require intensive medical care.8,9

Among survivors of clinical deterioration, postrecovery
morbidity and mortality remain notable.10,11

Identification of patients on the wards before de-
terioration may offer the opportunity for interventions

aimed to prevent ICU transfer, cardiopulmonary arrest,
and death.12-14 Early intervention has been associated
with improved short-term15,16 and long-term17 out-
comes among patients with cancer whose health is
deteriorating. Patients with malignancy who are on
wards may be at risk for deterioration from both
treatment adverse effects (eg, neutropenic sepsis,
cytokine release syndrome) and cancer-related
complications (eg, respiratory failure from pulmo-
nary embolism).

Although current guidelines recommend screening
patients on wards for common deterioration syn-
dromes,3 no studies clearly describe the landscape of
deterioration among patients with cancer on wards.
Prior work mostly has been limited to patients already
recognized as having critical illness18,19 or to
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subpopulations of patients, such as those with specific
cancer types.20-23 We aimed to describe the frequency of
clinical deterioration among patients hospitalized with
cancer at a major academic hospital and to identify in-
dependent risk factors for clinical deterioration among this
unique cohort.

METHODS

Setting and Study Population

We conducted an observational cohort study at Barnes-
Jewish Hospital, an urban teaching hospital and National
Cancer Institute (NCI)–designated Comprehensive Cancer
Center. Barnes-Jewish Hospital has 1,300 beds, of which
138 are in a geographically distinct cancer hospital (Site-
man Cancer Center). We collected de-identified data on all
consecutive adult patient admissions in the cancer hospital
between January 1, 2014, and June 30, 2017, from the
Clinical Research Data Warehouse, which is maintained by
the Center for Research Informatics at Washington Uni-
versity School of Medicine. We included patients with an
International Classification of Diseases, 9th revision (ICD9)
or 10th revision (ICD10), code for cancer in any position
(Appendix Fig A1, online only). The study protocol was
approved by the Institutional Review Board at Washington
University (No. 201707080).

Data Collection and Definitions

Patient age, sex, and ethnicity data were collected from the
electronic health record, as were date- and time-stamped
location information. Because patients with similar di-
agnoses (eg, solid tumors; hematologic malignancies, in-
cluding stem-cell transplantations) are cordoned within
particular areas in the hospital, we collected the location for
all patients. Patient comorbidities were extracted using the
Elixhauser comorbidity index, which has shown to perform
well in populations with cancer.24,25 In addition, because
obstructive sleep apnea may influence clinical deteriora-
tion,26 it was identified using ICD9 and ICD10 clinical
modification (CM) codes. Cancer diagnoses and some
cancer-related complications (eg, tumor lysis syndrome
[TLS]) were collected using ICD9 and ICD10 CM codes.27,28

We extracted oncologic diagnoses using individual di-
agnosis codes separately from the Elixhauser index to
achieve greater specificity with diagnostic categories. We
obtained insurance information from hospital billing data.

Vital signs and laboratory values (including microbiology
cultures and orders for antibiotics) were extracted from the
electronic health record to identify neutropenia, bacter-
emia, fungemia, and other complications. For severity of
illness, we calculated the Acute Physiology and Chronic
Health Evaluation (APACHE) II score within 24 hours on the
wards for each inpatient.29 Procedures, including blood
product administration and central line insertion, were
identified.

Outcomes

The primary outcome of the study was the composite of
ward death and ICU transfer. Secondary outcomes in-
cluded these individual outcomes as well as hospital and
ICU length of stay. Because cardiopulmonary arrest on the
wards results in death or transfer to the ICU after return
of spontaneous circulation, this outcome was included
indirectly.

Statistics

Continuous variables are expressed asmeans and standard
deviations (SDs) or medians and interquartile ranges (IQRs)
when appropriate. The t test and one-way analysis of
variance tests were used to analyze normally distributed
continuous variables, and the Mann-Whitney U and
Kruskal-Wallis tests were used to analyze non-normally
distributed continuous variables. Categoric data were re-
ported as frequency distributions and analyzed using the x2

test or McNemar test.

We fit logistic regression models for each outcome to
evaluate patient characteristics (age, sex, ethnicity, body
mass index [BMI], comorbidities, severity of illness) and
hospitalization variables (prior hospital admission, admis-
sion source [emergency department {ED}, ICU, operating
room or procedure area, or direct admission from home or
clinic], year of admission, season within academic year
[modeled in tertiles: July to October, November to Feb-
ruary, March to June], antibiotic orders, receipt of blood
products, bacteremia, fungemia, and TLS).

In the adjusted model, APACHE II score and age were
entered linearly, with the addition of a squared term for age
to account for nonlinear effects. All other variables were
modeled categorically. Comorbidities were modeled with-
out a summary score, because models that involved
individual Elixhauser comorbidities have superior perfor-
mance to summary scores in patients with cancer.25

Because repeat hospitalization could confound the results
of the study, we performed a sensitivity analysis that in-
cluded only one randomly selected hospital admission per
patient. In addition, we performed a sensitivity analysis test
to evaluate the categoric effects of age 65 years or older
versus age younger than 65 years. A final sensitivity analysis
tested for interaction among the cancer type, neutropenia,
and transfusion variables by including interaction terms for
each pairwise combination of these variables.

We also performed subgroup analysis of logistic models
across malignancy type (solid tumor v hematologic ma-
lignancy [lymphoma, leukemia, multiple myeloma, and
stem-cell transplantations]), insurance status, age quar-
tiles, and quartiles of initial severity of illness. All tests of
significance used a two-sided P value of less than .05.
Statistical analyses and data visualization30 were completed
using STATA, version 15 (STATA, College Station, TX) and
R, version 3.4.3.
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RESULTS

The study cohort included 21,219 hospital admissions from
9,058 unique patients. In total, 1,945 patient admissions
(9.2%) were involved the composite outcome: 1,365
(6.4%) admissions had at least one ICU transfer, and 580
(2.7%) admissions died on the wards.

Patients who experienced clinical deterioration were older
(median [IQR] age, 61 years [53 to 69 years] v 59 years [49
to 67 years]; P, .001), were more likely to be male (57% v
49%; P, .001), carried more comorbidities (median [IQR]
van Walraven Elixhauser burden,31 14 [8 to 20] v 7 [2 to
14]; P , .001), and had higher initial severity of illness
(median [IQR] APACHE score, 7 [4 to 10] v 5 [4 to 7]; P ,
.001) than patients who did not deteriorate on the wards
(Table 1). In particular, patients who experienced de-
terioration were more likely to have hematologic malig-
nancy (41% v 35%) or a hematopoietic stem-cell
transplantation (HSCT; 29% v 22%) and were less likely
to have solid malignancy (30% v 43%; P , .001 for all
comparisons). They were also more likely to have cardiac
(eg, 23% v 12% congestive heart failure; 38% v 20% ar-
rhythmia; P, .001 for both comparisons), renal (eg, 19% v
14% chronic kidney disease; P , .001), and fluid or
electrolyte (80% v 53%; P , .001) pathologies. Patients
who experienced deterioration ultimately had significantly
longer hospital length of stay and higher overall hospital
mortality than patients who never experienced deterioration
(Table 2, P , .001 for both outcomes).

With the exception of time variables (year and academic
season), all hospitalization characteristics varied between
patients who did versus did not experience deterioration.
Patients whose health deteriorated were more frequently
admitted to the wards from the ICU or the ED than as
a direct admission from home, a clinic, or another hospital.
The patients whose health deteriorated more frequently
received antibiotics and blood products and more fre-
quently developed neutropenia, bacteremia, fungemia,
and tumor lysis syndrome (P , .001 for all comparisons).

Logistic regression identified several patient characteristics
as independent risk factors for clinical deterioration, in-
cluding the following: age; male sex; unknown or other
insurance status; and comorbidities, such as electrolyte
disturbances, liver disease, and cardiac arrhythmias
(Table 3). The initial APACHE II score also predicted de-
terioration. In addition, hospitalization factors, such as
emergency admission to the wards or admission via the
ICU, hospitalization on particular hematologic malignancy
wards, and identification of expected or unexpected
complications during hospitalization (eg, development of
neutropenia, bacteremia, fungemia, or TLS and receipt of
antimicrobials and blood transfusions), were also in-
dependent predictors of the composite outcome. Of these
risk factors, severity of illness, source of ward admission,
ward location, bacteremia, and tumor lysis also predicted

death on the wards (Table 3). Notably, neutropenia was
independently associated with clinical deterioration but not
with ward death in the overall cohort. In contrast, neu-
tropenia was associated with ward death among patients
with stem-cell transplantation (odds ratio [OR], 2.45; 95%
CI, 1.74 to 3.67; P for interaction , .001). Prior hospital
admission during the study period was associated with
decreased odds for the composite end point but was as-
sociated with increased risk for ward death.

A sensitivity analysis that included one randomly selected
admission per patient (n = 10,104) found similar results to
the primary analysis except that age and neutropenia were
not associated with risk for deterioration. Similarly, a sen-
sitivity analysis that modeled age as a binary categoric
variable found that age 65 years or older was associated
with increased adjusted odds for deterioration, although
this association did not reach statistical significance (OR,
1.12; 95% CI, 1.00 to 1.26; P = .058; Appendix Fig A2,
online only). There was no interaction between cancer type
and blood transfusion, but there was an interaction be-
tween cancer type and neutropenia that showed decreased
odds for deterioration in patients with hematologic malig-
nancy (OR, 0.68; 95%CI, 0.50 to 0.94; P = .018) and stem-
cell transplantation (OR, 0.39; 95% CI, 0.28 to 0.54; P ,
.001) who did not experience neutropenia.

Subgroup analysis across cancer diagnoses (Appendix Fig
A3, online only) identified similar findings to the primary
analysis, except that neutropenia was associated with
significantly increased odds for deterioration among pa-
tients with HSCT recipients (P, .001) but decreased odds
for deterioration among patients with solid tumor (P 5
.016), fungemia was only significantly associated with
deterioration among patients with hematologic malignancy
who did not undergo transplantation (P 5 .001), and re-
ceipt of antimicrobial medications was associated with
decreased odds for deterioration among recipients of HSCT
(P 5 .004). Subgroup analysis across insurance types
identified statistical differences between insurance types
for patients initially admitted to the ICU, those hospitalized
on particular ward units, and those hospitalized during the
years 2016 and 2017 (Appendix Fig A4, online only).
Notable differential effects were not seen across quartiles of
age (Appendix Fig A5, online only) or initial ward severity of
illness (not shown).

DISCUSSION

In this large evaluation of clinical deterioration among
patients with cancer on inpatient wards at an NCI-
designated Comprehensive Cancer Center, we found that
more than 9% of ward admissions involved transfer to the
ICU or death on the wards. We also found that unclear
insurance status; patient comorbidity burden and cancer
diagnosis; as well as hospitalization factors, such as lo-
cation on particular wards, positive blood cultures, and
receipt of antibiotics, were associated with deterioration.

e654 © 2019 by American Society of Clinical Oncology Volume 15, Issue 8
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TABLE 1. Characteristics of Patient Admissions During Which the Composite Outcome Was and Was Not Experienced

Patient Characteristic

Did Not Experience
Composite Outcome

(n = 19,274)

Experienced Composite
Outcome

(n = 1,945)

PNo. % No. %

Median age, years 59 49-67 61 53-69 , .001

Median BMI, kg/m2 27 23-31 27 23-31 , .001

Median Van Walraven Elixhauser score 7 2-14 14 8-20 , .001

Median APACHE score 5 4-7 7 4-10 , .001

Female sex 9,872 51 834 43 , .001

Race/ethnicity .012

White 15,319 79 1,556 80

Black/African American 2,989 16 271 14

Asian 164 1 12 1

Other 802 4 106 5

Malignancy category , .001

Solid tumor 8,298 43 581 30

Liquid tumor without stem-cell transplantation 6,787 35 794 41

Stem-cell transplantation 4,189 22 570 29

Elixhauser comorbidity

Congestive heart failure 2,370 12 439 23 , .001

Arrhythmia 3,776 20 747 38 , .001

Valvular disease 985 5 149 8 , .001

Pulmonary circulation disorder 360 2 66 3 , .001

Peripheral vascular disease 733 4 107 6 , .001

Uncomplicated hypertension 9,585 50 959 49 .721

Complicated hypertension 2,533 13 337 17 , .001

Paralysis 673 3 119 6 , .001

Other neurologic disorder 1,483 8 218 11 , .001

Chronic lung disease 4,001 21 506 26 , .001

Uncomplicated diabetes 3,658 19 373 19 .832

Complicated diabetes 1,657 9 221 11 , .001

Hypothyroidism 2,600 13 322 17 , .001

Chronic kidney disease 2,755 14 370 19 , .001

Liver disease 1,679 9 289 15 , .001

Peptic ulcer disease 260 1 27 1 .887

HIV/AIDS 3,910 20 680 35 , .001

Rheumatoid arthritis 724 4 83 4 .261

Coagulopathy 5,499 29 907 47 , .001

Obesity 1,532 8 152 8 .835

Weight loss 5,721 30 911 47 , .001

Fluid/electrolyte disorder 10,301 53 1,565 80 , .001

Blood loss anemia 214 1 30 2 .088

Iron deficiency anemia 7,948 41 1,029 53 , .001

Alcohol use disorder 138 1 23 1 .024

Drug abuse disorder 1,292 7 107 6 .042

Psychosis 1,685 9 197 10 .040

(continued on following page)
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TABLE 1. Characteristics of Patient Admissions During Which the Composite Outcome Was and Was Not Experienced (continued)

Patient Characteristic

Did Not Experience
Composite Outcome

(n = 19,274)

Experienced Composite
Outcome

(n = 1,945)

PNo. % No. %

Depression 5,592 29 613 32 .021

Obstructive sleep apnea 1,261 7 167 9 .001

Prior admission 10,010 52 1,105 57 , .001

Source of ward admission , .001

Direct ward admission 13,614 71 1,130 58

ED 2,886 15 377 19

ICU 522 3 245 13

Other 2,252 12 193 10

Ward description , .001

General oncology units 12,022 62 1,211 62

HM/transplant units 3,434 18 649 33

Mixed/overflow units 3,818 20 85 4

Admission year .155

2014 5,341 28 534 27

2015 5,592 29 524 27

2016 5,592 29 586 30

2017 2,749 14 301 15

Insurance status , .001

Private 13,774 71 1,311 67

Medicare 2,317 12 239 9

Medicaid 1,778 9 128 7

Unknown/other 1,405 7 267 14

Tertile of academic year .852

July-October 5,728 30 567 29

November-February 6,318 33 647 33

March-June 7,228 38 731 38

Factors identified during hospitalization

Antimicrobial medication 13,792 72 1,756 90 , .001

Blood product transfusions 1,849 10 364 19 , .001

Transfusion of red blood cells 1,346 7 272 14 , .001

Transfusion of plasma or concentrated clotting factors 71 0 62 3 , .001

Transfusion of white blood cells 28 0 11 1 , .001

Transfusion of immune globulin 20 0 17 1 , .001

Transfusion of platelets 752 4 214 11 , .001

Transfusion of other or unspecified blood product 12 0 15 1 , .001

Neutropenia 5,053 26 941 48 , .001

Bacteremia 610 3 156 8 , .001

Fungemia 23 0 20 1 , .001

Tumor lysis syndrome 303 2 176 9 , .001

NOTE. Range data are interquartile ranges. P values for medians were generated with quantile regression; P values for categoric variables were
generated with the x2 test.

Abbreviations: APACHE, Acute Physiology and Chronic Health Evaluation; BMI, body mass index; ED, emergency department; HM,
hematologic malignancy; ICU, intensive care unit.
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This rate is higher than that of nonselected inpatients in
prior studies,12,14,32 so our findings suggest that inpatients
with active cancer are at increased risk for clinical de-
terioration. This risk is particularly important, because prior
work has shown that patients with cancer who develop
critical illness may have worse outcomes than patients
without cancer whose health deteriorates similarly.33,34

The increased rate of deterioration among patients with
cancer suggests that they may be a population likely to
benefit from inpatient monitoring and use of early warning
systems (EWS).33 Although prior applications of EWS have
not consistently found benefit with regard to patient
outcomes—potentially related to high rates of false-positive
alerts—the use of an EWS for a cohort with a higher
prevalence of deterioration would improve its positive
predictive values (on the basis of Bayes’ rule). Given that we
found differential risk across categories of cancer di-
agnoses and specific ward locations, such a system could
be applied at each of these levels on the basis of geographic
location, type of cancer, or both.

Moreover, it is possible that patients with hematologic
malignancies, in particular, could benefit from an EWS.
First, subjective triage of these patients is difficult: in one
study, many patients deemed not sick enough for the ICU
died before hospital discharge, whereas evenmore patients
felt to be too sick to glean benefit from critical care ulti-
mately survived.35 Second, critically ill patients with he-
matologic malignancy have relatively high survival and
postdischarge functional status,36 which continue to im-
prove over time37 and potentially increase the magnitude of
benefit for patients rescued from deterioration. Third, be-
cause the most common causes38 of critical illness in these
patients (eg, neutropenic sepsis) are related to transient,
reversible factors (eg, neutropenia pre-engraftment), the
number of patients with hematologic malignancy who have
potentially preventable or treatable critical illness may be
relatively high.

In this study, we found decreased rates of deterioration
among patients with hematologic malignancy or HSCT

recipients, which may reflect common hospital admissions
for lower-risk scenarios—such as the transplant itself;
chemotherapy administration; or management of symp-
toms, such as graft-versus-host disease. To this point, most
hospitalizations for patients who underwent HSCT in our
cohort came without ED contact, which suggests that many
were elective admissions. Also, it is important to note that
our center performed all autologous HSCTs, which are
particularly low risk for hospital mortality,39 during hospital
admission.

We also found strong associations between individual
wards and clinical deterioration, which may be evidence of
cohorting on the basis of specific cancer, admission di-
agnosis, or expected prognosis. For example, the highest-
risk wards in our study contained the majority of patients
who had received, or are receiving, allogenic stem-cell
transplantations. Beyond serving as a surrogate marker
for high-risk malignancy status, ward location may actually
confer risk. Ward effects have been shown to be strong
predictors of outcome in cohorts of general patients on
wards, and deterioration events on particular units are
associated with increased short-term risk for deterioration
in neighboring patients.40 Attention to resource allocation
may be particularly important on wards with high-risk
populations.

Our work differs from prior studies in several important
ways. First, we analyzed a specific cohort of inpatients
whose cancer diagnoses were associated with increased
risk of deterioration compared with all patients on wards.
Among this unique population, however, we evaluated
a heterogeneous group of patients with cancer—one that
included both allogeneic and autologous stem-cell trans-
plantation recipients—rather than a specialized oncology
population, such as hematologic malignancies or solid
tumors of a particular organ. This population may increase
the generalizability of our results, especially because many
hospital wards include heterogeneous populations. Sec-
ond, we evaluated patients on wards at risk for deterioration
rather than patients already in the ICU; prior work to de-
scribe deterioration among inpatients with malignancy
mostly has been limited to patients already recognized as
critically ill.18,19 This previously used approach is limited, in
that the time of ICU admission may be too late to rescue
patients whose deterioration may have been reversible. In
addition, this approach is subject to survivorship bias by
omitting patients who die on the wards.

Strengths of our study include its large cohort, which
allowed evaluation of a number of potential risk factors,
even across subgroups of specific diagnoses. Such po-
tential risk factors included those suggested as markers of
high-risk status by prior work (eg, blood product trans-
fusion41 and neutropenia42) as well as variables that, to our
knowledge, have not previously been investigated in this
cohort (eg, academic season).

TABLE 2. Unadjusted Secondary Outcome Rates for Patient Admissions With and
Without the Composite Outcome

Variable

Did Not Experience
Composite Outcome

(n = 19,274)

Experienced
Composite
Outcome

(n = 1,945) P

Hospital length of
stay, days,

median (IQR)

4 (2-8) 15 (7-28) , .001

Hospital mortality,
No. (%)

0 (0) 1,000 (51) , .001

NOTE. P values for medians were generated using quantile regression. P values
for categoric variables were generated with the x2 test.
Abbreviation: IQR, interquartile range.
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TABLE 3. Multivariable Analysis That Shows Adjusted Odds for the Primary Outcome and for Ward Death

Potential Risk Factor

Primary Outcome Ward Death

Odds Ratio 95% CI P Odds Ratio 95% CI P

Age (decile) 1.33 1.07 to 1.67 .011 1.18 0.80 to 1.72 0.407

Age2 (decile2) 0.98 0.96 to 1.00 .070 1.01 0.98 to 1.04 .606

BMI category, kg/m2

, 18.5 1.03 0.82 to 1.30 .784 1.12 0.78 to 1.62 .534

18.5-25 Reference Reference Reference Reference Reference Reference

25-30 0.90 0.79 to 1.02 .111 0.93 0.765to 1.16 .541

30-40 1.03 0.89 to 1.19 .687 1.08 0.84 to 1.38 .543

$ 40 1.29 1.01 to 1.65 .044 1.86 1.24 to 2.78 .003

Female sex 0.85 0.77 to 0.95 .004 0.93 0.77 to 1.11 .413

Race/ethnicity

White Reference Reference Reference Reference Reference Reference

Black/African American 0.98 0.84 to 1.15 .789 1.19 0.92 to 1.54 .179

Asian 0.59 0.31 to 1.13 .110 0.54 0.19 to 1.54 .250

Other 1.14 0.90 to 1.43 .274 1.31 0.91 to 1.88 .143

Solid tumor Reference Reference Reference Reference Reference Reference

HM without transplantation 0.71 0.61 to 0.82 , .001 0.71 0.56 to 0.90 .006

Stem-cell transplantation 0.65 0.55 to 0.77 , .001 0.67 0.50 to 0.91 .010

Elixhauser comorbidity

Congestive heart failure 1.12 0.97 to 1.30 .119 0.89 0.70 to 1.14 .350

Arrhythmias 1.54 1.37 to 1.73 , .001 1.29 1.06 to 1.56 .012

Valvular heart disease 1.09 0.89 to 1.33 .417 0.75 0.50 to 1.11 .154

Pulmonary circulation disorder 1.28 0.95 to 1.73 .110 1.25 0.77 to 2.02 .372

Peripheral vascular disorder 0.95 0.76 to 1.20 .685 1.08 0.74 to 1.56 .694

Uncomplicated hypertension 0.78 0.70 to 0.87 , .001 0.73 0.61 to 0.88 .001

Complicated hypertension 0.84 0.68 to 1.05 .126 0.74 0.51 to 1.08 .121

Paralysis 1.61 1.29 to 2.02 , .001 1.57 1.07 to 2.30 .022

Other neurologic disorders 1.14 0.96 to 1.36 .126 1.00 0.74 to 1.36 .977

Chronic pulmonary disease 1.13 1.00 to 1.28 .046 0.97 0.79 to 1.20 .806

Uncomplicated diabetes 0.86 0.74 to 0.99 .039 0.77 0.60 to 0.99 .041

Complicated diabetes 1.03 0.85 to 1.24 .769 0.91 0.64 to 1.28 .574

Hypothyroidism 1.13 0.98 to 1.31 .082 1.01 0.79 to 1.29 .935

Renal failure 0.83 0.68 to 1.02 .084 1.01 0.75 to 1.48 .756

Liver disease 1.47 1.26 to 1.71 , .001 1.65 1.29 to 2.12 , .001

Peptic ulcer disease 0.93 0.60 to 1.42 .723 1.13 0.54 to 2.34 .748

HIV/AIDS 1.52 1.32 to 1.75 , .001 1.71 1.36 to 2.15 , .001

Collagen vascular disease 0.83 0.64 to 1.07 .144 0.59 0.36 to 0.98 .043

Coagulopathy 1.22 1.08 to 1.37 .001 1.06 0.87 to 1.29 .563

Obesity 0.91 0.73 to 1.12 .375 0.70 0.46 to 1.08 .103

Weight loss 1.35 1.20 to 1.50 , .001 1.56 1.30 to 1.89 , .001

Fluid or electrolyte disorder 2.10 1.83 to 2.41 , .001 1.83 1.45 to 2.32 , .001

Blood loss anemia 0.92 0.60 to 1.40 .692 1.07 0.53 to 2.14 .856

Iron deficiency anemia 1.00 0.86 to 1.15 .965 1.02 0.80 to 1.30 .892

(continued on following page)

e658 © 2019 by American Society of Clinical Oncology Volume 15, Issue 8

Lyons et al



Limitations of this study include its single center. Thus, our
results may not be generalizable to other Comprehensive
Cancer Centers. Indeed, outcome differences among dif-
ferent cancer hospitals have been described.43 Moreover,
because ICU-specific factors, such as bed availability and
admission criteria, may influence the outcome of ICU

transfer, our results may not translate to centers with dif-
ferent structures or practice patterns. Relatedly, our in-
stitution’s status as an NCI-designated Comprehensive
Cancer Center may draw patients with more severe or
atypical malignancy presentations compared with other
hospitals. Also, we were unable to identify patients who

TABLE 3. Multivariable Analysis That Shows Adjusted Odds for the Primary Outcome and for Ward Death (continued)

Potential Risk Factor

Primary Outcome Ward Death

Odds Ratio 95% CI P Odds Ratio 95% CI P

Alcohol abuse 1.39 0.85 to 2.27 .183 1.18 0.55 to 2.52 .675

Drug abuse 0.77 0.61 to 0.97 .024 0.78 0.53 to 1.17 .236

Psychosis 0.88 0.73 to 1.06 .176 0.96 0.71 to 1.29 .786

Depression 0.96 0.86 to 1.08 .541 0.84 0.69 to 1.04 .106

Insurance status

Private Reference Reference Reference Reference Reference Reference

Medicare 0.98 0.83 to 1.15 .790 1.07 0.82 to 1.39 .620

Medicaid 0.82 0.66 to 1.01 .068 0.92 0.62 to 1.35 .653

Other 2.01 1.68 to 2.40 , .001 2.55 1.92 to 3.37 ,.001

Admission source

Direct ward admission Reference Reference Reference Reference Reference Reference

ED 1.45 1.26 to 1.67 , .001 1.22 0.97 to 1.54 .097

ICU 3.37 2.80 to 4.05 , .001 1.34 0.94 to 1.91 .105

Other 0.80 0.68 to 0.96 .014 1.01 0.77 to 1.32 .951

Ward

Medical oncology wards Reference Reference Reference Reference Reference Reference

HM/transplant wards 1.25 1.09 to 1.44 .001 1.52 1.21 to 1.92 .001

Overflow wards 0.49 0.39 to 0.62 , .001 0.20 0.11 to 0.36 , .001

Prior hospitalization 0.83 0.74 to 0.94 .003 1.47 1.20 to 1.81 , .001

Year of admission

2014 Reference Reference Reference Reference Reference Reference

2015 0.90 0.78 to 1.05 .179 0.99 0.78 to 1.24 .907

2016 1.14 0.97 to 1.36 .121 0.95 0.71 to 1.26 .705

2017 1.25 1.23 to 1.53 .035 0.83 0.58 to 1.21 .333

Academic season

July-October Reference Reference Reference Reference Reference Reference

November-February 1.03 0.90 to 1.17 .664 1.02 0.82 to 1.27 .860

March-June 1.03 0.90 to 1.17 .692 1.07 0.86 to 1.33 .525

Initial ward APACHE score 1.11 1.10 to 1.13 , .001 1.09 1.06 to 1.12 , .001

Received antibiotics 2.04 1.72 to 2.42 , .001 0.78 0.61 to 1.00 .046

Transfused blood products 1.65 1.42 to 1.92 , .001 1.35 1.05 to 1.74 .022

Bacteremia 1.24 1.01 to 1.52 .037 1.90 1.40 to 2.57 , .001

Fungemia 3.76 1.90 to 7.41 , .001 2.14 0.73 to 6.31 .167

Neutropenia 1.27 1.13 to 1.43 , .001 1.00 0.81 to 1.22 .967

Tumor lysis syndrome 3.01 2.41 to 3.76 , .001 3.52 2.56 to 4.83 , .001

Abbreviations: APACHE, Acute Physiology and Chronic Health Evaluation; BMI, body mass index; ED, emergency department; HM,
hematologic malignancy; ICU, intensive care unit.
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received comfort care, to ascertain cancer staging or
treatment histories, to differentiate the source of stem cells
for transplantation and conditioning regimens, and to
obtain time-stamps or locations for blood transfusions.
Although we used clinical data to identify some risk
factors, we identified most comorbid conditions, as well as
TLS, from ICD9 and ICD10 codes. Use of these codes
facilitated this proof-of-principle study, but EWS should
use clinical data that are available in real time. Another
disadvantage of ICD codes is that mild conditions (eg,
hypertension) are more likely to be coded among patients
who do not have more serious diagnoses and therefore
can appear protective, as seen in this study and our prior
work.44 Also, ICD codes have not been validated to identify
TLS during hospitalization45; given that our rates of TLS

(approximately 2% of all admissions, and approximately
4% of hematologic malignancy admissions) are lower than
in other reports,46 our reported incidence of TLS may be
an underestimation. Finally, the majority of patients in
this cancer center were receiving medical, not surgical,
treatment.

In conclusion, we found that clinical deterioration is
common among inpatients with cancer. Our results also
suggest that patient characteristics (eg, comorbidities) and
factors associated with hospitalizations (eg, positive blood
cultures, receipt of antibiotics and blood product trans-
fusions) are independent risk factors for deterioration.
These findings have important implications for monitoring
of patients with active malignancy on hospital wards.

AFFILIATIONS
1Washington University School of Medicine, St Louis, MO
2Barnes-Jewish Hospital, St Louis, MO
3Siteman Cancer Center, St Louis, MO

CORRESPONDING AUTHOR
Patrick G. Lyons, MD, Division of Pulmonary and Critical Care Medicine,
Washington University School of Medicine, 4523 Clayton Ave, Campus
Box 8052, St Louis, MO 63110; e-mail: plyons@wustl.edu.

SUPPORT
Supported by National Institutes of Health Training Grants No. 5T32
HL007317 and UL1 TR002345 (P.G.L.) and by the Barnes-Jewish
Hospital Foundation (M.H.K.).

AUTHORS’ DISCLOSURES OF POTENTIAL CONFLICTS OF INTEREST
AND DATA AVAILABILITY STATEMENT
Disclosures provided by the authors and data availability statement (if
applicable) are available with this article at DOI https://doi.org/10.1200/
JOP.18.00765.

AUTHOR CONTRIBUTIONS
Conception and design: Patrick G. Lyons, Jeff Klaus, Colleen A. McEvoy,
Peter Westervelt, Marin H. Kollef
Collection and assembly of data: Patrick G. Lyons, Colleen A. McEvoy
Data analysis and interpretation: Patrick G. Lyons, Jeff Klaus, Colleen A.
McEvoy, Peter Westervelt, Brian F. Gage
Manuscript writing: All authors
Final approval of manuscript: All authors
Accountable for all aspects of the work: All authors

REFERENCES
1. Bluethmann SM, Mariotto AB, Rowland JH: Anticipating the “silver tsunami”: Prevalence trajectories and comorbidity burden among older cancer survivors in

the United States. Cancer Epidemiol Biomarkers Prev 25:1029-1036, 2016

2. Fitzmaurice C, Allen C, Barber RM, et al: Global, regional, and national cancer incidence, mortality, years of life lost, years lived with disability, and disability-
adjusted life-years for 32 cancer groups, 1990 to 2015: A systematic analysis for the global burden of disease study global burden. JAMA Oncol 3:524-548,
2017
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APPENDIX

Hospital encounters with vital signs
recorded on the wards

(N = 26,807)

Study population
(n = 21,219)

Hospital encounters without ICD9 or ICD10
codes for malignancy

(n = 5,588)

No stem-cell
transplantation

(n = 7,581) 

Stem-cell
transplantation

(n = 4,759)

Hospital encounters with solid tumor
diagnoses
(n = 8,879) 

Hospital encounters with hematologic
malignancy diagnoses

(n = 12,340) 

FIG A1. Flow diagram of patient inclusion into the study cohort. ICD, International Classification of
Diseases.
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FIG A2. Subgroup analysis comparing odds ratios for clinical deterioration between patients age 65 years or older
and patients age younger than 65 years. APACHE, Acute Physiology and Chronic Health Evaluation; ED,
emergency department; ICU, intensive care unit.
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FIG A3. Subgroup analysis comparing odds ratios for clinical deterioration across malignancy categories.
APACHE, Acute Physiology and Chronic Health Evaluation; ED, emergency department; ICU, intensive care unit.
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FIG A4. Subgroup analysis comparing odds ratios for clinical deterioration across primary insurance status.
APACHE, Acute Physiology and Chronic Health Evaluation; ED, emergency department; ICU, intensive care unit.

e664 © 2019 by American Society of Clinical Oncology Volume 15, Issue 8

Lyons et al



Tumor lysis syndrome

Fungemia

Neutropenia

Bacteremia

Received blood product transfusion

Received antimicrobial

APACHE score

Previously admitted to hospital

Admission year 2017

Admission year 2016

Admission year 2015

Overflow units

Liquid/transplant units

ICU admission

ED admission

Other or unknown insurance

Medicaid

Medicare

Other ethnicity

Asian

Black/African American

 Female gender

Stem-cell transplantation

Liquid tumor

0.1 10.0

Odds Ratio

Age 18-49
Age 50-59
Age 60-67
Age ≥ 68

Va
ria

bl
e

FIG A5. Subgroup analysis comparing odds ratios for clinical deterioration across quartiles of age. APACHE, Acute
Physiology and Chronic Health Evaluation; ED, emergency department; ICU, intensive care unit.
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