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Background: Hospitalized patients with cancer experience a high symptom burden, which is associated with poor health
outcomes and increased health care utilization. However, studies investigating symptom monitoring interventions in this
population are lacking. We conducted a pilot randomized trial to assess the feasibility and preliminary efficacy of a symptom
monitoring intervention to improve symptom management in hospitalized patients with advanced cancer.

Patients and methods: \We randomly assigned patients with advanced cancer who were admitted to the inpatient oncology
service to a symptom monitoring intervention or usual care. Patients in both arms self-reported their symptoms daily
(Edmonton Symptom Assessment System and Patient Health Questionnaire-4). Patients assigned to the intervention had their
symptom reports presented graphically with alerts for moderate/severe symptoms during daily team rounds. The primary end
point of the study was feasibility. We defined the intervention as feasible if >75% of participants hospitalized >2 days
completed >2 symptom reports. We observed daily rounds to determine whether clinicians discussed and developed a plan to
address patients’ symptoms. We used regression models to assess intervention effects on patients’ symptoms throughout their
hospitalization, readmission risk, and hospital length of stay (LOS).

Results: Among 150 enrolled patients (81.1% enrollment), 94.2% completed >2 symptom reports. Clinicians discussed 60.4% of
the symptom reports and developed a plan to address the symptoms highlighted by the symptom reports 20.8% of the time.
Compared with usual care, intervention patients had a greater proportion of days with lower psychological distress (B=0.12,
P=0.008), but no significant difference in the proportion of days with improved Edmonton Symptom Assessment System-
physical symptoms (B = 0.07, P=0.138). Intervention patients had lower readmission risk (hazard ratio = 0.68, P = 0.224),
although this difference was not significant. We found no significant intervention effects on hospital LOS (8 =10.16, P=0.862).
Conclusions: This symptom monitoring intervention is feasible and demonstrates encouraging preliminary efficacy for
improving patients’ symptoms and readmission risk.
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| T [1, 2]. Symptoms such as pain, dyspnea, fatigue, and nausea lead
ntroduction to poor quality of life (QOL) and psychological distress [3, 4].
Patients with cancer experience many physical and psychological However, research demonstrates that clinicians often fail to
symptoms that are often under-recognized by their clinicians reliably detect their patients’ symptoms and frequently
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underestimate their severity [5]. While much of the existing lit-
erature regarding symptom prevalence and severity is based on
reports of patients in ambulatory cancer care settings, little work
has focused on the symptoms of patients with cancer in the in-
patient setting. Notably, hospitalized patients often experience
worse symptom burden than those in the outpatient setting, and
therefore interventions have potential for a larger impact in this
population [6].

Patients’ symptom burden also contributes to their use of
health care services [2, 7, 8]. Specifically, patients with cancer
often require hospitalizations for symptoms related to pain,
fatigue, and nausea [9]. Furthermore, prior work has shown
that patients with higher symptom burden have longer hos-
pital lengths of stay and higher risk for hospital readmissions
[2, 7, 8]. Notably, patients with cancer prefer to avoid time
in the hospital, which underscores the need for efforts target-
ing modifiable risk factors, such as patients’ symptoms, that
contribute to prolonged hospital stays and readmissions [10].

Patients’ symptom burden represents a modifiable risk factor
that, if properly addressed, may improve patient outcomes.
Importantly, symptom monitoring interventions can improve
symptom management, enhance QOL, and prevent hospitaliza-
tions among patients with cancer [11-14]. Prior investigations
have focused primarily on patients in the outpatient setting, yet a
recent study showed that a pain assessment and management
intervention for hospitalized patients with cancer could improve
pain outcomes in the inpatient setting [14]. However, this study
did not address other important physical and psychological
symptoms, which can impact patient outcomes in the inpatient
setting 2, 7, 8]. Thus, further research is needed to recognize and
address patients’ global symptom burden in the inpatient setting.

We conducted a pilot randomized controlled trial of an elec-
tronic symptom monitoring intervention for hospitalized
patients with advanced cancer, which we called ‘Improving
Management of Patient-Reported Outcomes Via Electronic
Data’ (IMPROVED). Specifically, we sought to assess the feasibil-
ity and preliminary efficacy of IMPROVED for improving symp-
tom burden and health care utilization among hospitalized
patients with advanced cancer.

Following enrollment, we asked i
% : 1
patients to complete daily '
symptom assessment surveys :

i
Symptoms reported daily to inpatient 1
clinicians and integrated into morning rounds :
1

Methods

Study procedures

From 26 October 2016 to 30 June 2017, we enrolled patients with
advanced cancer and an unplanned hospital admission at Massachusetts
General Hospital (MGH) in a nonblinded, pilot randomized controlled
trial of an electronic symptom monitoring intervention (IMPROVED)
versus usual care (ClinicalTrials.gov identifier NCT02891993). We iden-
tified and recruited consecutive patients with an unplanned hospital ad-
mission during the study period by screening the daily inpatient
oncology service census. Trained study staff obtained written, informed
consent from eligible patients within 36hours of their admission.
Following consent, participants completed baseline study measures. We
randomized participants to the IMPROVED intervention or usual care
using computer-generated 1 : 1 ratio block randomization with block size
of two, which was concealed until after group assignment. The Dana-
Farber/Harvard Cancer Center Institutional Review Board approved the
study.

Participants

Patients eligible for study participation included those who were at least
18years old and admitted to the MGH oncology service with known
diagnosis of advanced cancer. We defined patients with advanced cancer
as those not being treated with curative intent, ascertained from the
chemotherapy order entry treatment intent designation (palliative versus
curative), or using documentation in the oncology clinic notes for those
not receiving chemotherapy. Study participants had to be able to read
and respond to study questionnaires in English or with minimal assist-
ance from an interpreter. We excluded patients with elective or planned
hospital admissions, defined as hospitalizations for chemotherapy ad-
ministration, scheduled procedures, or chemotherapy desensitization.
We also excluded patients with leukemia and those admitted for stem cell
transplantation.

IMPROVED intervention

Patients assigned to IMPROVED reported their symptoms daily using
tablet computers (Figure 1). Patients who were unable to complete the
computerized symptom assessment could use paper versions. During
morning rounds each day, study staff presented patients’ symptom reports
to the clinical team (nurses, advanced practice nurses, and physicians) on
a computer-based projection screen as patients were being discussed.
Before study start, we provided information to the clinical team about the
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Figure 1. IMPROVED intervention.
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study and oriented them to the intervention and study outcomes. For
morning rounds, the clinical team meets in a central meeting room on the
inpatient oncology ward to discuss each patient. The detailed symptom
reports contained patients’ numeric symptom scores, as well as an alert
whenever any specific symptom worsened by two or more points from
the previous assessment or if a symptom reached an absolute score of four
or greater. Additionally, these detailed symptom reports contained a
graphical depiction of patients’” daily symptom trajectory for the hospital
admission. Study staff did not provide guidance about addressing or man-
aging patients’ symptoms but rather the oncology team made decisions
regarding symptom management per their clinical judgment.

Usual care

Participants assigned to usual care also reported their symptoms each day
using tablet computers. However, these patients’ clinicians did not re-
ceive their symptom reports. Study staff instructed patients in both study
groups to report their symptoms to their clinicians as they usually would,
at their own discretion.

Study measures

Sociodemographic and clinical characteristics

Study staff administered baseline measures to participants before
randomization. Participants completed a sociodemographic
questionnaire to report their sex, race, relationship status, em-
ployment, and education. We obtained information about par-
ticipants’ age and cancer history from the medical record.

Physical and psychological symptom burden

Each day of their hospital admission and before morning rounds,
study staff asked patients in both study arms to independently
complete symptom assessments using REDCap (Research
Electronic Data Capture), a free, secure, HIPAA compliant web-
based application. We evaluated physical symptoms with the
modified, revised Edmonton Symptom Assessment System
(ESAS-r), which assesses pain, fatigue, drowsiness, nausea, appe-
tite, dyspnea, depression, anxiety, and well-being over the previ-
ous 24 hours [15]. We also included constipation and diarrhea,
as these are highly prevalent symptoms among patients with can-
cer [16]. Each specific symptom is scored on a 0-10 scale (0
reflecting absence of the symptom and 10 reflecting the worst
possible severity), with minimal clinically important differences
of one point for each [17]. Consistent with prior research, we
scored the severity of ESAS scores as 0 (none), 1-3 (mild), 4-6
(moderate), and 7-10 (severe) [2]. We computed a composite
ESAS-physical variable, which includes a summated score of
physical symptoms (pain, fatigue, drowsiness, nausea, appetite,
dyspnea, constipation, and diarrhea).

We used the Patient Health Questionnaire-4 (PHQ-4) to assess
participants’ psychological symptoms [18]. The PHQ-4 is a four-
item tool, scored as 0-12, evaluating depression and anxiety
symptoms. The composite PHQ-4 can be evaluated continuous-
ly, with higher scores indicating worse psychological distress, and
categorically with scores of 6 and greater indicating moderate/se-
vere symptoms of psychological distress [18].
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Health care utilization

We evaluated hospital length of stay and unplanned hospital read-
missions. To account for mortality, given that patients who die fol-
lowing hospital discharge have less time at risk for readmission, we
used time to first unplanned readmission within 30 days of hospital
discharge as the outcome measure, consistent with prior work [1, 2].
We censored patients without a readmission at their 30-day post-
discharge date and those who died within 30 days at their death date.

Statistical analysis

The preplanned, primary end point of the study was feasibility.
We chose the sample size for the study based on the feasibility of
completing the project during the proposed timeframe and
achieving the feasibility end point. To assess whether patients
were willing and able to self-report their symptoms, we defined
the intervention as feasible if >75% of participants hospitalized
>2 days completed >2 symptom reports. We also observed daily
team rounds to determine how often clinicians discussed the
symptom reports and developed a plan to address patients’ symp-
toms (e.g. adjust medications or request consultative support)
for those assigned to the intervention.

Secondary end points included an evaluation of preliminary ef-
ficacy of the intervention to improve patient-reported symptom
burden and health care utilization. To assess the effect of
IMPROVED on symptom burden, we used linear regression, con-
trolling for baseline symptom score and patient age (given that age
differed significantly between study arms), to model the propor-
tion of days that patients’ symptoms improved by at least one
point in a post hoc analysis. For each patient, we calculated the
proportion of days that patients’ symptoms improved by at least
one point by summing the total days that patients had an improve-
ment in their symptom score and dividing by the total number of
symptom assessments completed. To further assess the day-to-day
change in patients’ symptoms, we used linear regression to evalu-
ate the average change in symptom scores on a daily basis during
patients’ hospitalization, adjusted for baseline symptom score and
patient age, in a post hoc analysis. We conducted available case
analyses and did not use imputation methods given low rates of
missing data. To investigate intervention effects on hospital length
of stay, we computed linear regression, adjusted for patient age. To
evaluate intervention effects on time to first unplanned readmis-
sion within 30 days, we used a Cox proportional hazards regres-
sion model, adjusted for patient age and length of stay during the
index hospitalization. We used conservative (oo = 0.05) and liberal
(00=0.25) values to assess statistical significance, consistent with
recommendations for interpreting pilot trials [19, 20].

Results

Participant characteristics

Of 185 patients approached for the study, we enrolled and
randomized 150 (81.1% enrollment rate) (Figure 2). Patients
were mostly white (84.0%), with a median age of 63.96 years
(range: 22.68-92.76years), and 59.3% male. Intervention
patients had a younger mean age than usual care patients (60.44
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Figure 2. CONSORT diagram.

versus 64.87 years) (Table 1). The mean hospital length of stay for
the entire sample was 6.45 days (SD, 5.57 days). Readmission and
death rates within 30 days of hospital discharge were 30.0% and
19.3%, respectively.

Baseline physical and psychological symptom
burden

Of the eight ESAS-physical symptoms we evaluated, patients
reported experiencing a mean of 3.85 (SD, 1.64) moderate/severe
symptoms at baseline; only four patients (2.7%) reported experi-
encing no moderate/severe symptoms. On the PHQ-4, 17.4% of
participants reported moderate/severe symptoms of psychologic-
al distress.

Feasibility

For patients hospitalized >2 days, 94.2% (114/121) completed
>2 symptom reports. Overall, patients completed the symptom
assessments 89.4% (753/842) of the time. Additionally, for
patients assigned to IMPROVED, the inpatient clinicians dis-
cussed 60.4% (177/293) of all symptom reports and developed a
plan during rounds to address patients’ symptoms for 20.8% (61/
293) of all symptom reports.

Intervention effect on patients’ symptom burden

In multivariable models, we found that patients assigned to
IMPROVED had a greater proportion of days with lower psycho-
logical distress [B=0.12, 95% confidence interval (CI): 0.03—
0.21; P=0.008]. With a liberal o of 0.25, intervention patients
also had a greater proportion of days with improved ESAS-

physical symptoms (B=0.07, 95% CI: —0.02 to 0.16; P=0.138)
(supplementary Figure, available at Annals of Oncology online).

We assessed the average day-to-day change in patients’ symp-
toms (Table 2). These analyses demonstrated that patients
assigned to IMPROVED experienced improvements in their
average symptom scores for drowsiness (B=—0.54, 95% CI:
—1.04 to —0.05; P=0.033) and shortness of breath (B= —0.43,
95% CI: —0.75 to —0.11; P=10.009), but not for other individual
physical symptoms.

Intervention effect on patients’ health care
utilization

We found no significant intervention effects on patients’” hospital
length of stay (B=0.16, 95% CI: —1.67 to 1.99; P=0.862). Using
a liberal o of 0.25, patients assigned to IMPROVED had a lower
risk of readmissions (hazard ratio=0.68, 95% CI: 0.37-1.26;
P=0.224).

Discussion

In this pilot randomized trial, we investigated the feasibility and
preliminary efficacy of IMPROVED for improving symptom
burden and health care utilization among hospitalized patients
with advanced cancer. We enrolled over 80% of patients
approached and participants completed nearly all the daily symp-
tom assessments. The inpatient team discussed most of the symp-
tom reports at the time of presentation during morning rounds
and made an immediate plan to address the symptoms reported
over one-fifth of the time. Notably, patients assigned to
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Table 1. Participant characteristics

Characteristic Usual care IMPROVED
(N =175) (N =75)
Age, mean (SD) 64.87 (12.35) 6044 (14.61)
Sex, n (%)
Male 44 (58.7) 45 (60.0)
Female 31(41.3) 30 (40.0)
Race, n (%)
White 67 (89.3) 59 (78.7)
African American 227) 8(10.7)
Asian 3(4.0) 22.7)
Other 3 (4.0 6 (8.0)
Cancer type, n (%)
Gastrointestinal 24 (32.0) 31(41.3)
Lung 16 (21.3) 17 (22.7)
Head and neck 7(9.3) 8(10.7)
Lymphoma 8(10.7) 4(53)
Breast 5(6.7) 5(6.7)
Genitourinary 5(6.7) 4 (5.3)
Skin 7 (9.3) 1(1.3)
Sarcoma 3(4.0) 5(6.7)
Relationship status, n (%)
Married or living with partner 54 (72.0) 57 (76.0)
Widowed 7(9.3) 5(6.7)
Divorced 3(4.0) 6 (8.0)
Never married 11(14.7) 7 (9.3)
Employed, n (%) 20 (26.7) 21 (28.0)
Education, n (%)
Less than college graduate 34 (45.3) 34 (45.3)
College graduate and above 41 (54.7) 41 (54.7)
Symptoms Mean (SD) Mean (SD)
ESAS physical symptoms
Number of moderate/severe 3.68 (1.76) 4.03 (1.52)
physical symptoms
ESAS Physical Symptom Score 27.03 (13.91) 30.53 (12.53)
Individual ESAS symptoms
Pain 4.25 (3.56) 527 (3.33)
Fatigue 6.23 (3.00) 6.55 (2.77)
Drowsiness 452 (3.56) 491 (3.64)
Nausea 197 (3.11) 2.03 (2.99)
Lack of appetite 4.23 (3.86) 473 (3.69)
Shortness of breath 2.67 (3.50) 272 (341)
Constipation 1.53 (2.84) 2.60 (3.64)
Diarrhea 1.63 (2.84) 1.73 (3.33)
PHQ-4 psychological symptoms
PHQ-4 total score 2.73 (3.20) 2.14 (2.44)

IMPROVED, Improving Management of Patient-Reported Outcomes Via
Electronic Data; ESAS, Edmonton Symptom Assessment System; PHQ-4,
Patient Health Questionnaire-4.

IMPROVED experienced a greater proportion of days with lower
psychological distress. Collectively, these data demonstrate that
IMPROVED is feasible, with encouraging preliminary efficacy
for addressing patients’ symptoms.

Annals of Oncology

Table 2. The effect of IMPROVED on the average change in symptom bur-
den on a daily basis

IMPROVED effect® B 95% Confidence P value

interval

Lower Upper

bound bound
Pain 0.019 —0.510 0.547 0.945
Fatigue —0.185 —0.742 0.372 0.513
Drowsiness —0.543 —1.039 —0.046 0.033
Nausea —0.105 —0.562 0.353 0.651
Lack of appetite 0.133 —0454 0.721 0.655
Shortness of breath —0430 —0.754 —0.107 0.009
Constipation 0.100 —0.442 0.641 0.716
Diarrhea 0.001 —0.304 0.305 0.997

“Adjusted for baseline symptom score (for the respective symptom) and
patient age.

IMPROVED, Improving Management of Patient-Reported Outcomes Via
Electronic Data.

To our knowledge, the current study is the first to investigate a
global symptom monitoring intervention for hospitalized patients
with cancer. Although prior studies in the outpatient setting have
demonstrated the efficacy of symptom monitoring interventions
for addressing patients’ symptom burden [11-13], this is the first
study to demonstrate that a symptom monitoring intervention
can be feasibly integrated into the inpatient care for hospitalized
patients with cancer. Importantly, barriers from the outpatient
setting, such as difficulties with timing, frequency, and actionabil-
ity of symptom assessments, are less problematic in the inpatient
setting, as clinicians can track and address their patients’ symp-
toms more frequently. Notably, in the current study, the rates of
the inpatient team discussing and addressing patients’ symptom
reports have room for improvement. In future work, we will strive
to improve clinician engagement, which could result in additional
downstream effects for enhancing the efficacy of IMPROVED.

Notably, we found that patients assigned to IMPROVED expe-
rienced improvements in their symptom burden throughout
their hospital stay. This may have resulted from increased atten-
tion to patients’ depression and anxiety symptoms but could also
be related to the fact that patients received more attention to their
physical symptoms as well. These findings have salient clinical
implications, as patients in our sample reported a remarkably
high baseline symptom burden, and prior work has demon-
strated that patients’ physical and psychological symptoms are
associated with poor QOL, prolonged hospital admissions, and
greater risk for readmissions [2—4, 7, 8]. Future work is needed to
confirm these results and help elucidate the mechanisms underly-
ing why certain symptoms changed more readily than others in
response to IMPROVED.

We also investigated the preliminary efficacy for IMPROVED
to enhance health care utilization outcomes. We found no signifi-
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cant effects on hospital length of stay, yet the hazard ratio for
IMPROVED to decrease patients’ risk of unplanned hospital
readmissions demonstrates promising potential meriting further
investigation. Moreover, patients’ symptoms represent just one
of the many factors affecting hospital length of stay and readmis-
sions [1, 2]. Issues such as functional impairment, inadequate so-
cial support, and comorbid conditions likely place certain
patients at greater risk for prolonged hospitalizations and un-
planned readmissions [7, 21]. Thus, additional work is needed to
better understand how symptom monitoring interventions may
help to decrease patients” health care utilization, while also seek-
ing to identify patients for whom additional services may be
needed.

Our study has several important limitations. First, we con-
ducted this study at a single, academic medical center, limiting
the generalizability of our results to other care settings and pop-
ulations. Second, we lack information about factors that could
influence the impact of IMPROVED, such as patients’ function-
al status and social supports. Third, we may be underestimating
readmission risk for the minority of patients who are hospital-
ized outside of our health system. Most patients receiving can-
cer care at our institution are admitted within our health
system, and we tracked all hospital readmissions to any hospital
within our health system. Fourth, we lack information about
changes in prescribing patterns because of IMPROVED, and
our assessment of whether clinicians discussed and/or devel-
oped a plan to address patients’ symptoms, which we lack for
participants in the usual care arm, is inherently subjective.
Additionally, based on the nature of this intervention, clinicians
cannot be blinded. Future efforts to understand the efficacy of
symptom monitoring interventions should investigate the use
of certain supportive care medications and additional support-
ive care services, such as palliative care, pain management, and
social work.

Conclusion

Our study demonstrates that a symptom monitoring intervention
for hospitalized patients with advanced cancer is feasible, with
promising preliminary efficacy to address patients’ symptoms
throughout their hospital stay. Importantly, we demonstrated that
daily symptom monitoring can be integrated into routine inpatient
oncologic care. In addition, our findings highlight the potential for
inpatient symptom monitoring interventions to enhance symptom
management for hospitalized patients with cancer who present
with a remarkably high symptom burden. A larger randomized
controlled trial (N=320) to investigate the efficacy of this care
model to enhance symptom management (primary outcome) and
improve health care utilization outcomes (secondary outcomes)
for hospitalized patients with cancer is currently underway.
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