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Introduction: Approximately 12% of patients with cancer annually visit the emergency department
(ED) for disease- or treatment-related issues. These patients often face delays in care, including
prolonged wait times and extended length of stay (LOS), contributing to ED crowding, delayed
treatment, and increased mortality. Numerous studies have investigated interventions to reduce LOS
and prevent ED visits for patients with cancer. However, a systematic overview of these interventions
is currently lacking. In this review we aimed to present interventions that optimize input, throughput
and output in ED care by reducing ED LOS or ED visits for patients with cancer.

Methods: We searched five electronic library databases: Medline ALL via Ovid; Embase.com; Web
of Science Core Collection; the Cochrane Central Register of Controlled Trials via Wiley; and Google
Scholar. Inclusion criteria for this review were as follows: 1) research on (a subset of) patients with
cancer; 2) conducted in or in collaboration with the ED; 3) the introduction of an intervention aimed at
optimizing ED input, throughput, and output; and 4) performance of the intervention was measured
using outcomes, such as ED LOS, number of ED visits or hospitalizations, use of acute-care
services, or time to antibiotics.

Results: The literature search yielded 11,357 articles. After removing duplicates, 7,315 unique
articles remained for screening. Of these, 109 were selected for detailed abstract review. Following
this second screening, 35 articles underwent full-text analysis, and 16 articles met all inclusion
criteria. These studies identified four categories of interventions: scoring systems (n=5); dedicated
cancer urgent care facilities (n=5); protocolized care (n=3); and staffing optimization (n=3). Among
scoring systems, use of the Edmonton Symptom Assessment Scale reduced ED visits (relative rate
(RR) = 0.92) and hospitalizations (RR = 0.86), while the Clinical Index of Stable Febrile Neutropenia
score showed higher specificity (98.3%) than the Multinational Association for Supportive Care in
Cancer score (54.2%) for identifying low-risk febrile neutropenia.

Conclusion: We identified four categories of intervention that could potentially reduce ED visits
and ED LOS, of which scoring systems showed the most potential. Rather than developing new
tools, future efforts should prioritize the implementation, validation, and refinement of these existing
strategies to optimize treatment of cancer patients in the emergency department. [West J Emerg
Med. 2026;27(2)269-280.]
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INTRODUCTION

Annually, 10-12% of patients with cancer present to the
emergency department (ED) with complaints directly related
to their disease or treatment.! Of all patients who visit the
ED, 5.4% are undergoing cancer treatment.>* In this group,
ED length of stay (LOS) is typically prolonged.* This can be
attributed to delays in throughput and output, which result
from waiting for test results and a more complex decision-
making process. A prolonged LOS combined with increased
patient volume contributes to crowding, defined as a situation
in which the demand for emergency services exceeds the
available resources in the ED.’ Crowding also contributes to
delayed treatment, poorer patient outcomes, and increased
mortality rates.*®’ Consequently, several strategies have
been developed to improve input, throughput, and output for
patients requiring acute care.

Given these challenges, numerous studies have investigated
interventions designed to reduce ED LOS or to prevent ED
visits from patients with cancer. In this systematic review we
aimed to provide an overview of interventions that optimize
ED input, throughput and output (optimizing intervention) by
reducing ED LOS or ED visits in patients with cancer.

METHODS

This systematic review followed the Preferred Reporting
Items for Systematic reviews and Meta-Analyses (PRISMA)
checklist and the PRISMA-S extension to the PRISMA
Statement for Reporting Literature Searches in Systematic
Reviews.®® This study was prospectively registered at
PROSPERO (ID: CRD42023434667).

Search Strategy

An information specialist (ME) and the lead author (JD)
designed an Embase.com search optimized for sensitivity and
translated to other databases using the method described by
Bramer et al.'® We searched Medline ALL via Ovid (1946 to
Daily Update), Embase.com (1971—present), Web of Science
Core Collection (Science Citation Index Expanded (1975—
present); Social Sciences Citation Index (1975—present); Arts
& Humanities Citation Index (1975—present); Conference
Proceedings Citation Index—Science (1990—present); Conference
Proceedings Citation Index—Social Science & Humanities (1990—
present) and Emerging Sources Citation Index (2015—present),
and the Cochrane Central Register of Controlled Trials via Wiley
(1992—present). Google Scholar was also searched, and we
downloaded the top 200 results using Publish or Perish software
(Herzing.com).":1? The first search was conducted on 29 June
2023 and last updated on 12 July 2024.

MEDLINE and Embase strategies incorporated Medical
Subject Headings and Emtree terms, respectively. Across
all databases, papers were searched by title, abstract, and
keywords. The search contained terms for 1) emergency
department/acute care; 2) patients with cancer; 3) utilization
of healthcare/waiting time. We linked terms with Boolean

Population Health Research Capsule

What do we already know about this issue?
Cancer patients frequently visit the ED, facing
prolonged stays, delays in care, and increased
mortality, with various interventions tested but
no systematic overview.

What was the research question?
What ED interventions reduce cancer patient
ED length of stay or visits, and improve care

efficiency?

What was the major finding of the study?

This review identifies four categories of
research that could potentially reduce
emergency department visits and length of stay
for patients with cancer.

How does this improve population health?
Prioritizing existing ED interventions, like
scoring systems, can reduce avoidable visits,
ED crowding, and improve timeliness and
safety of cancer care.

operators (AND, OR) and proximity operators to form
phrases. Complete search strategies are available in Appendix
1. Searches excluded conference papers and non-English
language papers in every database. We did not search trial
registries. However, Cochrane CENTRAL retrieves contents
of ClinicalTrials.gov and the World Health Organization’s
International Clinical Trials Registry Platform. We screened
reference lists of non-included but relevant reviews, included
studies, and citing articles for additional records using the
methods described by Bramer et al.'>!* We did not contact
authors or experts, nor did we hand-search unindexed journals.

An information specialist (ME) imported all references
into EndNote and deduplicated them using the method as per
Bramer et al."’

Inclusion and Exclusion Criteria

We included articles if they met the following criteria: 1)
research on (a subset of) patients with cancer; 2) conducted
in or in collaboration with the ED; 3) the introduction of
an intervention aimed at optimizing ED input, throughput,
and output; and 4) performance of the intervention was
measured using outcomes such as ED LOS, number of ED
visits or hospitalizations, use of acute care services, or time
to antibiotics. We excluded abstracts that were published
alone as well as full papers that were not publicly available
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or peer-reviewed, or were published in a language other than
English. Also excluded were literature reviews or research that
focused on economic, pharmacological, surgical, pediatric,
and palliative interventions.

Screening Process

We managed and screened citations using the artificial
intelligence-powered screening application Rayyan (Qatar
Computing Research Institute, Ar-Rayyan, Qatar).'¢ Screening
involved four steps: 1) titles and abstract were screened
for keywords; 2) abstracts were assessed against inclusion
criteria; 3) full texts were reviewed for final inclusion or
exclusion; and 4) data were extracted from included papers.
Two independent researchers (JD/MM) conducted the
screening. A third researcher (JA) resolved any disagreements.

Data Extraction and Synthesis

From each selected paper, we extracted the following
elements: author; publication year; country; patient group;
population size; study design; the intervention introduced;
aim; primary (and secondary) outcome(s); outcome-related
results; and level of evidence (I to V, per Elsevier criteria'7).
Given the heterogeneity of study designs, populations, and
outcome measures, a quantitative synthesis (meta-analysis)
was not feasible. Therefore, we used a narrative synthesis
approach, grouping findings by intervention category.

Quality Assessment

Two reviewers (JD/MM) assessed the included articles
using the Quality Assessment with Diverse Studies (QuADS)
criteria.'® This method evaluates studies with different designs
across 13 criteria, each scored from zero to three. It does not
include a cut-off score for high or low quality, as it is not
intended for that purpose.!®

RESULTS

The initial search yielded 11,357 papers (1977-2023).
After removing duplicates, 7,315 unique papers remained
for screening by title, abstract and keyword. From these, 109
papers were selected for a detailed abstract review. After this
second screening, 35 papers underwent full-text analysis, of
which 16 met all inclusion criteria (Figure 1). We identified
four categories after data abstraction: 1) scoring systems
(five studies introduced or validated tools to stratify patients
with cancer by their risk of requiring emergency care, either
before ED presentation or after triage); 2) dedicated cancer
urgent care facilities (five studies described the establishment
of separate EDs dedicated to patients with cancer); 3)
protocolized care (three studies evaluated standardized care
through treatment protocols for febrile neutropenia); 4)
staffing optimization. (three studies focused on staff-targeted
interventions). Table 1 summarizes the study characteristics
and outcomes. Table 2 presents the QuADS quality scores,
which range from 18-32.

Identification of studies via databases

Records removed before
screening:
Duplicate records removed
(n =4042)

Records identified (n = 11357)

A4

c
o
2
©
12
=
=
c
)
=

I

Records screened on title,
abstract and keywords (n = 7315)

!

Reports screened on full-abstract
analysis (n = 109)

!

Reports assessed for eligibility
(n=235) i

Records excluded:
Not meeting inclusion criteria
(n =7206)

v

Reports excluded:
= Not meeting inclusion criteria
(n=74)

Reports excluded:
Not meeting inclusion
criteria (n = 16)
Not all inclusion criteria could
be determined from full-text
analysis (n = 3)

D 4

Studies included in review
(n=16)

Figure 1. Flow chart of study inclusion in a review of the literature
on interventions that optimize input, throughput, and output in
emergency department care by reducing length of stay or number
of visits for patients with cancer.

Scoring Systems

Five studies evaluated scoring systems that stratified
patients with cancer by risk of ED visit or hospital
admission.'*> Barbera et al introduced the Edmonton
Symptom Assessment Scale (ESAS), which assesses
nine common cancer-related symptoms, enabling earlier
symptom identification and management in the outpatient
setting. This scoring system was associated with reduced
ED visit rates (relative rate [RR] = 0.92; 95% CI, 0.91-
0.93) and hospitalization rates (RR = 0.86; 95% CI, 0.85-
0.87).! Chaftari et al used procalcitonin (PCT) and lactate
levels to identify febrile neutropenia patients at high risk of
bloodstream infection. Procalcitonin demonstrated superior
predictive performance (area under the receiver operator
characteristic curve [AUC] = 0.76) compared to lactate (AUC
=.0.56; P =<.001) or the Multinational Association for
Supportive Care in Cancer (MASCC) score (AUC = 0.65; P
=.03).2° Coyne et al compared the MASCC score with the
Clinical Index of Stable Febrile Neutropenia (CISNE) score
for risk stratification of patients with febrile neutropenia. The
CISNE score demonstrated higher specificity (98.3%) than
the MASCC score (54.2%) in identifying low-risk febrile
neutropenia patients.?!

Daly et al implemented an artificial intelligence (Al)-
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supported monitoring system that stratified patients at therapy
initiation into high- or low-risk groups for acute care needs.
High-risk patients received more intensive support, which
reduced ED visit rates from 0.47 to 0.27 (P = .01).*> Gajra et
al developed an augmented-intelligence tool using continuous
machine-learning to predict avoidable use of acute care and

generate nurse-implemented, patient-specific recommendations.

Monthly ED visit rate per 100 unique patients dropped from
13.7 to 11.5, and quarterly unplanned admissions from 19.7 to
17.1, although no statistical testing was reported.”

Dedicated Cancer Urgent Care Facilities

Five studies evaluated dedicated cancer urgent care
facilities.***® Ahn et al evaluated the implementation of an in-
house cancer ED separate from the main ED. This intervention
did not significantly affect ED LOS (31.6 to 33.7 hours [P =
.15]).2* Galloway et al reported on the introduction of an urgent
cancer care clinic located separately from the ED and staffed
by primary care physicians. It did not significantly affect ED
visits or hospitalizations.” Gould Rothberg et al reported that
the establishment of an oncology extended care clinic within
the hospital reduced ED visits by 4.6 per 100 patients per four
months (P = .04).* Hong et al examined the implementation
of an urgent care clinic for oncology patients. Weekday ED
visit rate decreased (0.43 to 0.19 per 1,000 patient-months (P
=<.001)), whereas weekend visits were unchanged (0.08 to
0.05, P=.53).” Kuo et al assessed an off-site rapid assessment
clinic functioning as an outpatient unit. It reduced median
time to medical review from 40 to 28.5 minutes (P =.12) and
significantly shortened total review time from 9.7 to 3.1 hours
(P=<.001).28

Protocolized Care

Three studies assessed protocolized care for patients
with cancer, focusing on earlier antibiotic delivery in febrile
neutropenia patients undergoing active cancer treatment
visiting the ED.?*3! All studies measured time from ED arrival
to antibiotic administration, reporting significant reductions
(235 to 81 minutes (P =<.001),” 300 to 47 minutes (P =
<.05),* and 198 to 98 minutes (P =< .001).*' Emergency
department LOS decreased in two studies (6.0 to 4.4 hours (P
=<.001),%” 105 to 76 minutes (P = .46)*° but increased in one
(402.6 to 460.8 minutes (P = .13).’

Staffing Optimization

Three studies evaluated the use of staff-focused
interventions. Brooks et al reported on the effect of adding an
evening-shift medical oncologist (5 pm - 11 ™, Sunday—Friday)
The proportions of oncology patients admitted within two days
of ED presentation and non-admitted patients requiring acute
care within five days did not differ between the pre- and post-
intervention periods.>> Kurtz et al evaluated the implementation
of a symptom-control program involving 10 nurse contacts (five
in person, five by telephone) over a 20-week chemotherapy

period, compared to five contacts in usual care. Intervention
patients had fewer ED visits at all time points: 0.37 vs 0.21
(baseline); 0.53 vs 0.33 (10 weeks), and 0.57 vs 0.18 (20 weeks)
(ED visit coefficient: 0.254, P = .05).3* Largamente et al evaluated
the introduction of an ED pathway that included a medical
oncology resident and direct admission to the medical oncology
department. This significantly reduced inpatient ED LOS (58 to
42 hours [P = .03]), inpatient LOS (15.5 to 6.5 days [P =< .001]),
and admission rate (70 to 41% [P = <.001]), although ED LOS
remained nearly two days.*

DISCUSSION

This systematic review provides an overview of
interventions aimed at optimizing ED input, throughput and
output for patients with cancer. We included 16 articles (2006—
2020) categorized into four research areas: scoring systems;
dedicated urgent cancer care facilities; protocolized care; and
staffing optimization.

Scoring Systems

Scoring systems are mathematical models designed to
support clinical decision-making at various points in the patient
care pathway. The goal in using a scoring system is to reduce
ED input by identifying low-risk patients suitable for outpatient
management or to prevent hospitalization following an ED visit.
Although most scoring systems demonstrated good predictive
performance, few have been integrated into routine clinical
practice. Three scoring systems used patient-reported outcomes
to monitor symptoms remotely. The ESAS reduces ED visits by
earlier symptom identification and outpatient management of
emerging issues.*® A follow-up study confirmed that ESAS also
predicts overall survival in patients with cancer.*® The ESAS
is currently used to assess and manage symptom burden in
palliative care settings.®’

Several studies evaluated remote patient monitoring
programs combining symptom tracking and risk scores to
identify high-risk patients early and deliver timely follow-up
to reduce acute care use.”>*3%4 Only Daly et al*? and Gajra
et al® described the actual implementation of remote patient
monitoring models in clinical practice and reported outcomes,
showing reductions in ED visits and hospitalization rates.

No subsequent studies have re-examined the effect of remote
patient monitoring on ED use, although a separate study by
Daly et al did show that patient engagement was high and that
a daily electronic remote patient monitoring program based on
patient-reported outcomes was feasible.*!

While these findings underscore the promise of symptom-
based remote monitoring, effective ED triage depends on risk
scores grounded in objective physiological signs. Several
scoring systems that use such signs exist for febrile neutropenia.
Of these, CISNE is the most promising, having been validated
and applied in multiple studies.*>** Despite CISNE’s strong
performance, MASCC score remains the clinical gold standard.
Nonetheless, CISNE has been included along with MASCC in
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Table 2. Using the Quality Assessment with Diverse Studies criteria to evaluate studies with different designs across 13 criteria, each
scored from zero (not mentioned) to three (extensively mentioned in the paper).
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certain guidelines.*** However, risk stratification is not limited
to patient-reported data; biochemical markers provide an
additional layer of prognostic insight.

Procalcitonin is a known predictor of adverse outcomes
(eg, death, intensive care unit admission) and shows a strong
negative predictive value for bloodstream infection. It performs
comparably with the MASCC score. Incorporating procalcitonin
to established tools (MASCC, CISNE, or Early Warning Scores)
improves detection of high-risk febrile neutropenia patients.
However, procalcitonin has not yet been developed into a stand-
alone scoring system, and most febrile neutropenia guidelines
continue to rely exclusively on clinical criteria.*>*3

Overall, scoring systems show strong potential to reduce
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ED visits and enable safe outpatient management. They offer
validated, easy-to-apply metrics and are widely available,
facilitating integration into clinical workflows. Across studies,
these tools consistently outperformed alternative approaches,
even when evaluated using diverse ED metrics.*-*° Ongoing
advances in Al, including large-language models and natural
language processing, are expected to further enhance scoring
systems.!-54

Dedicated Cancer Urgent Care Facilities

We defined a dedicated cancer urgent care facility as a
specialized unit integrated within emergency care, designed to
serve cancer patients with acute care needs. They reduce ED
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input by diverting patients and improve throughput by offering
post-triage care in a focused setting. Implementation is rare—
only one additional study has reported their use.”> Evidence
remains inconclusive, with no long-term data. Although
hospitals can tailor these units to local needs, they require
significant investment in staff, space, and equipment.

Protocolized Care

Protocolized care aims to shorten ED LOS and improve ED
throughput by delivering structured, timely care. While all three
studies reported positive outcomes, they focused exclusively
on febrile neutropenia, even though patients with cancer often
present with a broader range of acute symptoms.***’ Symptom-
specific protocols (eg, for pain crises or acute dyspnea) may
offer similar benefits but remain untested. Moreover, no study
published follow-up data, and only one study described actual
protocol implementation.*®

Staffing Optimization

Staffing optimization is focused on optimizing ED
throughput by specialized staffing strategies. The “nocturnal
oncologist,” a senior physician working night shifts in the ED,
had no significant effect, leaving its effectiveness uncertain.*> Two
reviews noted similar strategies on reducing unplanned acute care
through specialized staffing, both suggesting that such approaches
often fail to achieve their intended goals.”%° An exception
appears to be the study by Legramante et al that demonstrated
significant reductions in all outcomes after introducing an ED
pathway with a resident and direct admission.** However, ED
LOS remained notably long at 42 hours, highlighting ongoing
systemic challenges. Kurtz et al described the implementation of
a symptom-control program that increased nurse-patient contact.*®
Although ED visits declined, ED LOS was not measured, leaving
the intervention’s direct effect on ED processes unclear. Similar
nurse-led models have lowered acute-care use elsewhere, but
convincing evidence for sustained improvements in ED efficiency
is still lacking.®'62

Recommendations

Future research should build on three themes. First,
the rapid expansion of remote patient monitoring reflects a
broader shift from clinic- to home-based surveillance. Many
of the studies we reviewed described some form of remote
patient monitoring, and this trend may accelerate further
with the integration of vital sign monitoring into existing
frameworks. Second, several promising tools remain at the
prototype stage and await implementation (eg, the predictive
model by Csik et al).* These partially developed interventions
warrant prospective validation. In addition, the socioeconomic
outcomes reported in a subset of studies also merit further
investigation and validation. Third, research must be paired
with implementation. New solutions alone will not improve
ED care for patients with cancer unless hospitals adopt them.
The intervention categories mapped in this review can guide

sites in selecting and rolling out the most suitable options.
In our view, scoring systems are best suited to reduce ED
input, while protocolized care addresses ED throughput.
Implementing both—scoring systems for triage and
protocolized care management—could provide the greatest
benefit to patients with cancer.

LIMITATIONS

This review summarizes interventions aimed at optimizing
the input, throughput, and output in ED care for patients with
cancer. To our knowledge, it is the first to focus specifically
on intervention strategies tailored to this population. Previous
reviews in emergency care have primarily mapped challenges,
general strategies, patient characteristics, or ED-related
outcomes.®***> Oncology-focused reviews, on the other hand,
mainly described presenting complaints or outcome patterns
rather than concrete interventions.*®¢

Several limitations should be noted. First, a meta-analysis
was impossible because the included studies differed widely in
design, intervention category, outcome measures, and sample
size. Second, although we identified four broad intervention
categories, others may have been missed. Third, limiting
the review to a single-study design could have yielded a
more homogeneous dataset, and would have allowed for
stronger comparison between studies, but doing so would
have conflicted with our exploratory objective. Finally, as the
QuADS tool lacks a cut-off for the quality of a research paper,
we could not assess the overall quality of included studies.

CONCLUSION

We identified four categories of interventions to improve
acute care in the emergency department for patients with
cancer: scoring systems; dedicated cancer urgent care
facilities; protocolized care; and staffing optimization. Rather
than developing new tools, future efforts should prioritize the
implementation, validation, and refinement of these existing
strategies, of which scoring systems show the most potential.
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