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Abstract
Background In 2007, the provincial cancer agency in Ontario,
Canada initiated a wide-scale program to screen for symptoms
in the cancer population using the Edmonton Symptom Assessment Scale (ESAS). The purpose of this study is to evaluate the impact of screening with ESAS on emergency department (ED) visit rates in women with breast cancer receiving
adjuvant chemotherapy.
Patients and methods This retrospective cohort study used
linked administrative health care data from across the province of Ontario, Canada. The cohort included all women
aged ≥18 who were diagnosed with stage I–III breast cancer
between January 2007 and December 2009 and received
adjuvant chemotherapy within 6 months of diagnosis.

Using an adjusted recurrent event model, we examined
the association of screening with ESAS at a clinic visit on
the ED visit rate.
Results The relative rate of ED visits was 0.57 when prior
ESAS screening occurred compared to when it did not. The
relative rate of ED visits was 0.83 when the prior number of
ESAS screens was modeled as a continuous variable. Alternatively stated, the rate of ED visits was 43 % lower
among patients previously screened with ESAS compared
to those not previously screened. For each additional prior
ESAS assessment, there was a 17 % decreased rate of ED
visits.
Conclusions Our results demonstrate that screening with
ESAS is associated with decreased ED visits. To our
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knowledge, this is the first report on the effectiveness of routinely documenting a patient reported outcome on ED visits,
in a real-world setting.
Keywords ESAS . Emergency department visits . Adjuvant
chemotherapy . Breast cancer

Introduction
Breast cancer is the most common cancer in women [1].
Indications for adjuvant chemotherapy are broad, so
many women receive a recommendation for adjuvant
chemotherapy of some type. Unfortunately, many of
the regimens can be quite toxic which may impact on
several different outcomes. Unplanned visits to the
emergency department (ED) and/or hospitalization, for
example, may occur in as many as 42–60 % of these
women, reflecting the magnitude of acute toxicity experienced by these patients [2, 3].
Documentation of patient-reported outcomes (PROs)
as a part of routine clinical care is gaining increasing
interest amongst many cancer health care providers.
Several randomized clinical trials have demonstrated improved outcomes with routinely collected PROs compared to usual care, including communication and patient satisfaction [4–8]. Many large academic centers
have started implementing routine collection of PROs
[9–11].
Since 2007, Cancer Care Ontario, the cancer agency
in Ontario, Canada, has systematically collected symptom scores in cancer outpatients by implementing the
Edmonton Symptom Assessment System (ESAS) as a
standardized tool in all cancer centers. One of the goals
of this initiative is to improve symptom management
through earlier identification, documentation, and communication of patients’ symptoms. The ESAS is a well
known and validated tool to screen for the presence and
severity of symptoms [12]. The identification of symptoms with this screening tool is meant to prompt a further detailed assessment, with possible intervention depending on the findings. In essence, Ontario has implemented population-wide standardized symptom assessment for cancer outpatients.
The purpose of this study is to evaluate the impact of
screening with ESAS through the Ontario Symptom
Management Collaborative (OCSMC) on ED visit rates
in women with breast cancer receiving adjuvant chemotherapy. We hypothesized that when women are
screened with ESAS as part of the screening program,
they would experience fewer ED visits, presumably on
the basis of improved symptom control.
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Methods
Study design
This retrospective cohort study used linked administrative
health care data from across the province of Ontario, Canada.
Data linkage was completed using a unique encrypted patient
identifier. The study was approved by the privacy office of the
Institute for Clinical Evaluative Sciences (ICES) and complied with its’ stringent data confidentiality and privacy
guidelines.
Study population
The cohort included all women aged ≥18 in Ontario diagnosed
with stage I–III breast cancer between January 2007 and December 2009 who received adjuvant chemotherapy within
6 months of diagnosis. This is a population at high risk of
experiencing the outcome but otherwise homogeneous
allowing us to better control for confounders.
Patients were excluded if they had an invalid or missing
provincial health insurance number (which precluded linkage). Other exclusion criteria were male sex and any prior
history of cancer or another cancer diagnosis (different primary site) within 14 months of the breast cancer diagnosis.
The observation window for individuals in the cohort
started on the first day of chemotherapy and ended 30 days
after the last day of chemotherapy.
Study setting
The study setting was the province of Ontario, Canada, whose
population exceeds 13 million people. Chemotherapy is provided to women in regional cancer centers or cancer clinics in
community hospitals. All care is provided by a governmentfunded single-payer health plan. During the time of this study,
the OCSMC was predominantly active in regional cancer
centers.
Details of the provincial initiative to routinely collect ESAS
scores have been previously reported [13–15]. Briefly, standardized assessment using ESAS is completed at each patient’s cancer center visit. Typically, patients complete the
ESAS via a web-based tool that allows patients to enter their
own scores at a touch screen kiosk in the clinic waiting area.
Alternatively, the scores can be completed on paper which is
then entered into an electronic database. A printed summary
of the symptom scores, including those from previous visits, is
then provided to the primary clinical team, the aim being to
facilitate discussion of any potentially problematic symptoms.
Patients eligible for symptom screening included those living in all regions of the province, with any cancer diagnoses,
of any age, with any treatment intent, and receiving care in the
ambulatory setting. Assessments happened on an
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opportunistic basis depending on how each cancer center implemented the standardized tool. Ideally, all patients were
screened at every cancer clinic visit; however, this is not the
same as being systematically screened at regular intervals as
one would do in a research study. Participating centers gradually increased their screened population as they were able. In
2008, about 45 % of the lung cancer population and 15 % of
the remaining cancer patients in Ontario were screened [16].
Data sources
The data source used to identify screening with ESAS is the
Symptom Management Reporting Database (SMRD) held by
Cancer Care Ontario. Emergency department visits are captured in the Canadian Institute for Health Information National Ambulatory Care Reporting System (CIHI-NACRS). As
well, the study utilized other administrative databases: the
Ontario Cancer Registry, a comprehensive population-based
cancer registry created to capture all incident cases of cancer
in the province [17, 18]; the Collaborative Staging Database
which captures stage; the Registered Persons Database, contains sociodemographic information on all residents of Ontario who are eligible for the universal government-funded health
care plan [19]; the Canadian Institute for Health Information’s
Discharge Abstract Database which lists diagnostic and procedure codes from all inpatient and outpatient hospital admissions [20]; the Ontario Health Insurance Plan (OHIP) which
reimburses physicians for their work and has claims for all
visits; and the New Drug Funding Program (NDFP) which
contains records documenting chemotherapy drug regimens
prescribed and dates. Older inexpensive drugs are not covered
by NDFP (e.g., cyclophosphamide, adriamycin) and for these
patients, chemotherapy use was identified using physician
billing claims (OHIP).
Exposure definition
The exposure for this study was whether or not an ESAS
assessment was completed at a visit to the clinic. All eligible
clinic visits were identified (described in next paragraph). For
each visit date, a flag was created to indicate if an ESAS
happened that day. A single patient may have no ESAS assessments, a single assessment, or several assessments during
the observation window.
All clinic visits eligible for an ESAS screen were identified
for each woman in the cohort. These visits were divided into
three types: (1) visits for a chemotherapy injection, date from
NDFP or OHIP; (2) visits to the chemotherapy provider for
purposes other than a chemotherapy injection; (3) visits to a
radiation oncologist. While other providers were involved in
the care of these women, the visits could not be reliably identified as a visit where an ESAS exposure could have occurred.
Together, the dates of these three types of visits were then
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linked back to the SMRD. We were able to match 90 % of
the ESAS assessment dates known to occur during the observation window to identified clinic visit dates. The remaining
10 % of the ESAS assessments were omitted from the
analysis.
Outcome definitions
The outcome was unplanned emergency department visits
during the observation window. NACRS codes visits as
planned or unplanned (for example, a patient with a lacerated
leg who is instructed to return the following day for a dressing
change). Planned visits occur very infrequently.
Covariate definitions
Age, region, and neighborhood income quintile (based on
postal code linkage [21]) were taken from the Registered Persons Database. BBest stage^ was obtained from the Collaborative Staging Database. Comorbidity was calculated using
the Deyo modification of the Charlson score based on diagnoses coded in Discharge Abstract Database in the 5 years
prior to surgery with scores for primary cancer subtracted
[22]. Previous analysis with this cohort [3] has demonstrated
that chemotherapy regimens containing docetaxel were associated with increased ED use. We therefore controlled for this
variable in our analysis. It was assumed that patients whose
regimens were not documented in NDFP received older chemotherapy regimens without a taxane.
Statistical analysis
As each patient may experience multiple unplanned emergency department visits, we modeled the association between
covariates and the rate of ED visits using an Andersen-Gill
[23] recurrent event model under a counting process framework [24]. The recurrent event model has been well studied in
the statistical literature [25, 26]. It is similar in concept to the
Cox model, but it allows for the outcome to occur multiple
times during the observation window. To address correlation
among ED visits from the same patient, robust standard errors
of the model parameter estimates were calculated using a
sandwich approach. ESAS exposure was incorporated into
the recurrent event model as a time-varying covariate using
two different techniques. The first technique captured prior
ESAS exposure as binary time-varying covariate. That is, for
each patient, at any given time t, this covariate reflected
whether or not there was ESAS exposure prior to this time.
The second technique captured prior cumulative ESAS exposure as a continuous time-varying covariate. That is, for each
patient, at any given time t, this covariate reflected the cumulative number of visits with ESAS screening prior to this time.
Using the binary technique, the resultant relative rate at any
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given time t provides the adjusted ED rate for a patient who
was exposed to ESAS (by time t) compared to the adjusted ED
rate for a patient who was not yet exposed to ESAS (by time t).
The statistical and clinical literature offer several examples on
the implementation of such time-varying covariates in a recurrent event model [24, 27–29].
To visualize the data, we first plotted the unadjusted expected cumulative number of ED visits over time, also known
as the mean cumulative function plot [24]. This was done for
Table 1

women with and without prior ESAS exposure. Since this
exposure was time-varying, a woman only contributed to the
prior ESAS exposure Byes^ curve once that had experienced
at least one ESAS assessment. A series of univariate and multivariable recurrent event models were performed. The main
covariate of interest was time-varying ESAS exposure, defined using the two techniques described above. Under each
technique, the multivariable model adjusted for baseline/timefixed characteristics (age as a continuous variable, region,

Characteristics of women in cohort

Variable

Value

Total cohort
N=8359

N=2541

N=5818

Age

Mean
18–29

53.7
59 (0.7 %)

53.22±10.44
20 (0.8 %)

53.87±10.57
39 (0.7 %)

30–39
40–49
50–59

663 (7.9 %)
2333 (27.9 %)
2764 (33.1 %)

217 (8.5 %)
724 (28.5 %)
847 (33.3 %)

446 (7.7 %)
1609 (27.7 %)
1917 (32.9 %)

60–69
70–79
80–89

1967 (23.5 %)
521 (6.2 %)
50 (0.6 %)

584 (23.0 %)
134 (5.3 %)
15 (0.6 %)

1383 (23.8 %)
387 (6.7 %)
35 (0.6 %)

90–99
I

2 (0.02 %)
1844 (22.1 %)

0 (0.0 %)
539 (21.2 %)

<6 (0.0 %)
1305 (22.4 %)

II

4477 (53.6 %)

1384 (54.5 %)

3093 (53.2 %)

Regimen

III
Unknown
Docetaxol yes

1587 (19.0 %)
451 (5.4 %)
5096 (61.0 %)

521 (20.5 %)
97 (3.8 %)
1460 (57.5 %)

1066 (18.3 %)
354 (6.1 %)
3636 (62.5 %)

Charlson

Docetaxol no
0

3263 (39.0 %)
7685 (91.9 %)

1080 (42.5 %)
2328 (91.6 %)

2182 (37.5 %)
5357 (92.1 %)

1+
1
2
3

674 (8.1 %)
1294 (15.5 %)
1543 (18.5 %)
1720 (20.6 %)

231 (8.4 %)
324 (12.8 %)
436 (17.2 %)
539 (21.2 %)

461 (7.9)
970 (16.7 %)
1107 (19.0 %)
1181 (20.3 %)

4
5
1
2
3
4
5
6
7

1877 (22.4 %)
1925 (23.0 %)
416 (5.0 %)
616 (7.4 %)
403 (4.8 %)
922 (11.0 %)
518 (6.2 %)
686 (8.2 %)
614 (7.4 %)

624 (24.6 %)
618 (24.3 %)
260 (10.2 %)
232 (9.1 %)
168 (6.6 %)
272 (10.7 %)
185 (7.3 %)
309 (12.2 %)
20 (0.8 %)

1253 (21.5 %)
1307 (22.5 %)
156 (2.7 %)
384 (6.6 %)
235 (4.0 %)
650 (11.2 %)
333 (5.7 %)
377 (6.5 %)
594 (10.2 %)

8
9
10
11
12
13
14
Missing

1093 (13.1 %)
1041 (12.5 %)
312 (3.7 %)
821 (9.8 %)
328 (3.9 %)
429 (5.1 %)
159 (1.9 %)
<6

142 (5.6 %)
79 (3.1 %)
130 (5.1 %)
351 (13.8 %)
218 (8.6 %)
76 (3.0 %)
99 (3.9 %)
0

951 (16.3 %)
962 (16.5 %)
182 (3.1 %)
470 (8.1 %)
110 (1.9 %)
353 (6.1 %)
60 (1.0 %)
<6

Stage

Income quintile

Region

With ESAS screening

Without ESAS screening
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neighborhood income quintile and Charlson score, stage). The
three other types of clinic visits were incorporated into the
model as time-varying cumulative count covariates. We adjusted for the use of docetaxel-containing regimens as a binary
time-varying covariate. That is, the variable was Bswitched
on^ the first date the docetaxel chemotherapy occurred and
left Bon^ for the remainder of the analysis. Similar to previous
work [28], since prior ED visits may be associated with subsequent ED visits, we also adjusted for the prior number ED
visits as a time-varying covariate. Analysis was completed
using SAS 9.2 (Carey, NC).

Results
We identified 8359 women with stage I–III breast cancer who
received adjuvant chemotherapy. One third of these women
were screened with at least one ESAS assessment. The cohort
is described in Table 1. Although the regression analyses do
not directly compare individuals screened with ESAS to those
without, we have included this description to provide more
details about the two groups. The differences observed between groups that may be clinically important are stage (more
unknown for group without ESAS), docetaxel chemotherapy
(more common in group without ESAS), and region.
Table 2 shows the mean and median number of ESAS
assessments, clinic visits, and ED visits over the entire observation window. For example, the mean number of ESAS assessments for the 2541 women who had at least one ESAS
was 3.82. The median number of radiation oncologist visits
for the 5273 women who had such a visit was 1.
Figure 1 presents the unadjusted expected cumulative number of ED events over time for women with and without prior
ESAS assessments (a patient only contributes to the ESAS
exposure Byes^ curve once they had at least one ESAS visit).
This initial analysis clearly demonstrates that the expected
cumulative number of ED events by any time t is consistently
higher among women who have not yet been exposed to
ESAS compared to women who have been exposed to ESAS
by this time.
Table 3 shows the results for the univariate and adjusted
models examining the association between ESAS exposure
and ED visit rates. Regardless of technique used to capture
Table 2

ESAS exposure, being screened with ESAS was associated
with a decreased ED visit rate. The relative rate of ED visits
was 0.57 when prior ESAS screening occurred compared to
when it did not. Alternatively stated, the rate of ED visits was
43 % lower among patients who had been previously screened
for ESAS at least once compared to those who had not. Likewise, for each additional prior ESAS assessment, there was a
17 % decreased rate of ED visits. We further observed that
additional visits to clinic (regardless of type) also protected
against ED visits. It should be noted that the preventative
association of screening with ESAS on ED visits was maintained even while controlling for these other visits. Finally,
regional variation was observed in the adjusted analyses with
some regions having a relative rate of up to 2.0.

Discussion
This study demonstrates that screening with ESAS is associated with a decrease in ED visits in women with breast cancer
receiving adjuvant chemotherapy. The rate of ED visits was
43 % lower among women previously screened for ESAS
compared to women who were not. Each additional prior
ESAS assessment decreased the ED visit rate by 17 %. To
our knowledge, this is the first study to suggest a positive
effect of a routinely documented PRO on health service utilization. In addition, we are unaware of another study evaluating the effectiveness of a large-scale programmatic change
using PROs, like OCSMC.
Our results do not prove causality between screening with
ESAS and decreased ED visits, only an association. Possible
mechanisms by which symptom screening could decrease ED
visits include improved identification of symptoms, more
timely identification of symptoms, improved symptom management, improved timeliness of symptom management, or
improved patient willingness to report symptoms. It is also
possible that the ESAS itself is not solely responsible for the
decreased ED visits but rather a marker for other changes in
how patients are being managed. In the context of Anderson’s
model of health service use, symptom screening may result in
a better characterization of need resulting in a different response from the health care system and subsequent change
in health service utilization [30].

Crude number of events (ESAS assessments, clinic visits by type, or ED visits) over entire observation interval, for the cohort of N=8359
ESAS assessments Chemotherapy delivery visits Radiation oncologist visits Chemoprovider visits ED

Number of people without event
Number of people with event
Mean±SDa
Median (IQR)a
a

Among those with event

5818
2541
3.82±3.08
3 (1–5)

0
8359
5.38±2.1
6 (4–6)

3086
5273
1.47±0.91
1 (1–2)

1362
6997
3.8±2.38
3 (2–5)

5186
3173
1.62±1.12
1 (1–2)
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1.4

Fig. 1 Mean cumulative
unadjusted ED rate by ESAS
exposure

cumulative ESAS exposure (binary) = no

1.2
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0
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30
35
40
45
50
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60
65
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75
80
85
90
95
100
105
110
115
120
125
130
135
140
145
150
155
160
165
174
181
193
204
217
237
249
266

Unadjusted expected cumulative number of ED events

cumulative ESAS exposure (binary) = yes

Days into observation window

It is important to note that ESAS was originally developed
in advanced cancer patients [12]. It was subsequently
Table 3

validated in a more general oncology population, which did
not include breast cancer [31]. This study demonstrates the

Univariate and adjusted model results for relative rate of ED visit

Variable

Value

Univariate

Adjusted
ESAS (Y/N)

Age
Income quintile

Charlson
Stage

Docetaxol regimen
RO visit
CT delivery visit
CP visit
Prior ED
ESAS exposure

ESAS (Continuous)

RR

LCL

UCL

RR

LCL

UCL

RR

LCL

UCL

Continuous

1.00

1.00

1.01

0.99

0.99

0.99

0.99

0.99

0.99

1
2
3
4

1.26
1.16
1.24
1.11

1.13
1.04
1.12
1.01

1.40
1.28
1.37
1.22

1.12
0.95
0.98
1.03

1.01
0.85
0.88
0.93

1.25
1.06
1.10
1.14

1.12
0.94
0.97
1.03

1.01
0.84
0.87
0.93

1.24
1.05
1.08
1.13

5
0
1
I
II
III
Unknown
Yes
No
Continuous
Continuous
Continuous
Continuous
Yes

1
1
1.35
1
1.09
1.14
1.37
1.99
1
0.42
0.51
0.76
1.41
0.59

0.90

1
1
1.14

0.92

1.16

1.12
1.17
1.25
4.62

1.33
1.48
1.73
5.58

0.56
0.38
0.77
1.27
–

0.65
0.42
0.81
1.35
–

No
Continuous

1
0.84

0.81

0.86

1.22

1.51

1.00
1.02
1.19
1.85

1.19
1.27
1.59
2.14

1
1
1.01
1
1.21
1.31
1.46
5.17

0.39
0.49
0.75
1.35
0.55

0.45
0.52
0.78
1.46
0.64

0.82

0.86

0.60
0.40
0.79
1.31
0.57

1.11
1.17
1.24
4.70
1
0.56
0.38
0.77
1.27
0.52

0.65
0.42
0.81
1.35
0.63

1.03
1
1.22
1.31
1.47
5.08
1
0.60
0.40
0.79
1.31
–

–

–

–

0.83

1.32
1.48
1.72
5.68

Exposure to ESAS during chemotherapy is defined alternately as either as a dichotomous (Y/N) or continuous variable (model also adjusted for region)
RR relative rate, LCL lower confidence limit, UCL upper confidence limit, RO radiation oncologist, CT chemotherapy, CP chemotherapy provider

Support Care Cancer (2015) 23:3025–3032

potential utility of ESAS for breast cancer patients and in the
adjuvant treatment setting. This may allay some concerns
about using a generic PRO in this population.
A comprehensive review of the impact of routine collection
of PROs on patients, providers, and health organizations in an
oncologic setting was recently published [32]. The authors
identified 27 studies showing strong evidence that routinely
collected PROs, with feedback, improves patient-provider
communication and increases patient satisfaction. They further comment that there was little or no evidence that routinely
collected PROs have led to improvements in many areas including quality improvement or system performance at a population level. Our study makes a significant contribution to
this area of study. A more recent review of randomized controlled trials identified five trials that included health service
use as an outcome, but none evaluated emergency department
visits [33].
Prior research has demonstrated the frequency of chemotherapy toxicity-related emergency department visits [2, 3].
Emerging literature is examining interventions that include
PROs, to improve chemotherapy-related toxicity. For example, a cellphone for symptom reporting with nurse monitoring
has been successfully developed in the UK [34]. Results from
the current study are consistent with the concept of routinely
report patient outcomes improving toxicity outcomes.
The strengths of this study include the rigorous analytic
method used. The analytic approach was best suited to the
structure of the data, and we controlled for several possible
confounders.
The study has several limitations. Modest differences were
observed between those who were screened and those who
were not. The model was adjusted for all of these differences,
including comorbidity, stage, type of chemotherapy, and number of visits to the clinic. In spite of adjustments made, there
may be confounders for which we were unable to adjust, that
are contributing to the observed outcome in this otherwise
homogeneous cohort. We are unable to comment if the effect
of ESAS screening would be observed in other patient populations, especially those whose baseline risk of ED visits is
low. We are also unable to draw conclusions about the ability
of other instruments or tools to have same effect in this population. Finally, because we omitted 10 % of the ESAS assessments, these results may underestimate the magnitude of the
association.
Provincial implementation of OSCMC was based on a successful pilot, which suggested decreased ED visits [14]. The
results of this large-scale investigation of the same endpoint,
albeit in a different subgroup of patients, are consistent with
the original pilot findings.
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