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Abstract 

Background: Many cancer patients experience high symptom burden. Healthcare in the USA is reactive, not proac-
tive, and doctor-patient communication is often suboptimal. As a result, symptomatic patients may suffer between 
clinic visits. In research settings, systematic assessment of electronic patient-reported outcomes (ePROs), coupled 
with clinical responses to severe symptoms, has eased this symptom burden, improved health-related quality of life, 
reduced acute care needs, and extended survival. Implementing ePRO-based symptom management programs in 
routine care is challenging. To study methods to overcome the implementation gap and improve symptom control 
for cancer patients, the National Cancer Institute created the Cancer-Moonshot funded Improving the Management 
of symPtoms during And following Cancer Treatment (IMPACT) Consortium.

Methods: Symptom Management IMplementation of Patient Reported Outcomes in Oncology (SIMPRO) is one of 
three research centers that make up the IMPACT Consortium. SIMPRO, a multi-disciplinary team of investigators from 
six US health systems, seeks to develop, test, and integrate an electronic symptom management program (eSyM) for 
medical oncology and surgery patients into the Epic electronic health record (EHR) system and associated patient 
portal. eSyM supports real-time symptom tracking for patients, automated clinician alerts for severe symptoms, and 
specialized reports to facilitate population management. To rigorously evaluate its impact, eSyM is deployed through 
a pragmatic stepped wedge cluster-randomized trial. The primary study outcome is the occurrence of an emergency 
department treat-and-release event within 30 days of starting chemotherapy or being discharged following surgery. 
Secondary outcomes include hospitalization rates, chemotherapy use (time to initiation and duration of therapy), and 
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Introduction
Background and rationale {6a}
In the USA, nearly 1.9 million people will be diagnosed 
with cancer in 2022 [1]. In recent years, improved thera-
pies have resulted in decreased mortality, but cancer-
related morbidity remains substantial [2–6]. Deficits in 
symptom management, including sparse patient-clinician 
communication between clinic visits, contribute to con-
siderable morbidity for cancer patients. Poor symptom 
control decreases quality of life, increases emergency 
care needs [7–9], and deters patients from receiving 
effective therapy [10, 11]. Healthcare in the USA is pre-
dominantly structured to be reactive, not proactive, with 
missed opportunities to optimize symptom control and 
ineffective strategies to anticipate, prevent and monitor 
adverse symptoms before they escalate [12].

Growth in internet access and proliferation of smart-
phones and tablets has created an opportunity to support 
improved cancer care delivery, particularly symptom 
control. In 2021, 93% of adults in the USA reported 
using the internet and 85% owned a smartphone [13, 
14]. Even among the elderly and poor, web use is rising 
for many reasons including managing health needs [15, 
16]. Mobile phones and web access create opportunities 
for patient-clinician communication to optimize symp-
tom management beyond face-to-face encounters [17]. 
Patient engagement has been called the “blockbuster” 
drug [18, 19] of the twenty-first century as motivated 
patients demonstrate improved well-being and health 
outcomes [20, 21]. Strong theoretical foundations from 
social cognitive theories of self-efficacy [22, 23] and 
the chronic care model [24] support the importance of 
patient engagement [25–29] to minimize toxicities of 
cancer treatment.

Patient-reported outcomes are a patient’s direct report 
of their health, quality of life, or functional status with-
out interpretation from the clinical care team. Symptom 

patient quality of life and satisfaction. As a type II hybrid effectiveness-implementation study, facilitators and barriers 
to implementation are assessed throughout the project.

Discussion: Creating and deploying eSyM requires collaboration between dozens of staff across diverse health 
systems, dedicated engagement of patient advocates, and robust support from Epic. This trial will evaluate eSyM in 
routine care settings across academic and community-based healthcare systems serving patients in rural and metro-
politan locations. This trial’s pragmatic design will promote generalizable results about the uptake, acceptability, and 
impact of an EHR-integrated, ePRO-based symptom management program.

Trial registration: ClinicalTrials.gov  NCT03 850912. Registered on February 22, 2019. Last updated on November 9, 
2021.

Keywords: Electronic health record, Electronic medical record, Patient-reported outcomes (PROs), Patient-reported 
outcomes measures (PROMS), Patient Reported Outcomes version of the  Common Terminology Criteria for Adverse 
Events (PRO-CTCAE®), Symptom management, Gastrointestinal cancers, Gynecologic cancers, Thoracic cancers, 
Chemotherapy, Surgery, Pragmatic clinical trial design
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tracking and management via electronic patient-reported 
outcomes (ePROs) is one promising mechanism by which 
Internet access may be harnessed to reduce symptom 
burden among cancer patients through the use of patient 
portals. In research settings, utilization of ePROs has 
been shown to decrease symptom burden [30], improve 
quality of life, reduce acute care needs [31], and extend 
survival [32]. There are two primary mechanisms for 
these impacts. First, systematic collection of ePROs can 
support the recognition of problematic symptoms and 
may encourage self-management [33]. Second, system-
atic reporting of symptoms can trigger clinical inter-
ventions to improve symptom management outside of 
regularly scheduled clinic visits. Enhanced communica-
tion facilitated by technology may make the health care 
system more responsive to patient needs [34, 35].

Although prior ePRO work is promising [29, 32], major 
knowledge gaps persist regarding the optimal imple-
mentation of ePROs in routine oncologic care. First, the 
effectiveness of ePROs has primarily been studied in 
clinical trials at well-resourced academic cancer centers, 
leaving less known about their implementation in com-
munity settings [36, 37]. Second, existing ePRO plat-
forms have not been integrated into the electronic health 
record (EHR), requiring patients and clinicians to access 
separate systems to view symptom reports, thereby intro-
ducing inefficiency and barriers to adoption [38]. Third, 
ePRO systems have rarely integrated effective coaching 
strategies for enhanced symptom management. Lastly, 
optimal implementation strategies for integrating ePROs 
into the standard clinical workflow are unknown.

To address these gaps and others identified by the 
Cancer  MoonshotSM [39], the National Cancer Institute 
funded the Improving the Management of symPtoms 
during and following Cancer Treatment (IMPACT) 
Consortium [40]. Its goals are to improve symp-
tom control for cancer patients through systematic 

symptom reporting and guideline-based clinical man-
agement [41]. IMPACT is made up of three research 
centers, including the Symptom Management Imple-
mentation of Patient-Reported Outcomes in Oncology 
(SIMPRO) Consortium. SIMPRO is led by a multi-
disciplinary team of investigators from six US-based 
health systems (Table  1) who are developing, testing, 
and implementing an EHR-integrated symptom man-
agement program in large and small, rural and metro-
politan, academic and in  community-based clinics for 
medical oncology and surgical  patients.

Objectives {7}
The research goals of the SIMPRO Consortium are:

1. Create and refine an ePRO-based symptom manage-
ment system (eSyM) and integrate it into the EHR 
and routine clinical workflow

2. Determine the effectiveness of eSyM on health out-
comes. Specifically, evaluate the impact on:

◦ Healthcare utilization, measured by the use of 
emergency and acute care
◦ Cancer care delivery, including duration and-
delay of medical treatments, and the need forre-
operation
◦ Patient-centered outcomes, including self-effi-
cacy and symptom burden

◦ Patient satisfaction with care

3. Evaluate the facilitators and barriers to implementa-
tion of eSyM from the patient, clinician, and organi-
zational perspectives using an implementation sci-
ence framework [42, 43]

Table 1 Characteristics of SIMPRO sites
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A prior manuscript described the eSyM build and 
design process [44]. The current manuscript outlines 
the design used to evaluate the effectiveness of eSyM. 
Detailed methods for describing facilitators and bar-
riers to implementation will be highlighted in a future 
manuscript.

Trial design {8}
Overall, the SIMPRO project consists of four key activi-
ties (Fig.  1). The first three activities focused on build-
ing the infrastructure needed to support participating 
sites, configuring the eSyM program, and pilot test-
ing the intervention. The fourth activity — described in 
this manuscript — is the conduct of a pragmatic type 
II hybrid effectiveness-implementation stepped wedge 
cluster-randomized trial to evaluate the effectiveness of 
eSyM. The Western Institutional Review Board (WIRB) 
approved the protocol as a minimal risk research study 
on November 25, 2018 (protocol #20182593), with a 
Health Insurance Portability and Accountability Act 
(HIPAA) waiver.

Each healthcare system (referred to as a site) is the 
unit of randomization. Within each site, two versions 
of eSyM are deployed — one for medical oncology 
patients and one for surgery patients. The randomization 
schema (Fig.  2) was constructed to ensure that (a) each 
site launches the two versions of eSyM during different 
time periods, (b) three sites launch eSyM-medical oncol-
ogy first and the other three launch eSyM-surgery first, 
and (c) sites with similar characteristics (i.e., geographic 

location and metropolitan/rural setting) deploy eSyM on 
different schedules. The stepped wedge design includes 
seven time periods.

Consistent with the stepped wedge design [45], patients 
are involved in the trial in one of two ways:

1. Eligible patients seen at a participating site before 
eSyM deployment, and therefore not exposed to the 
intervention, form a “control group”

2. Eligible patients seen at a participating site after 
eSyM deployment form the “intervention group.” 
They are exposed to all aspects of the intervention, 
including eSyM questionnaires, reminders, symptom 
self-management tip sheets, and population manage-
ment tools.

Outcomes are collected from control and intervention 
patients in the following ways:

1. For all patients, automated data extracts from the 
electronic medical record are used to ascertain 
demographics, treatments, healthcare service utiliza-
tion, and outcomes.

2. A subset of eligible patients is randomly selected to 
complete a one-time research questionnaire ask-
ing about their Self-efficacy, Attainment of informa-
tion needs, Symptom burden, and Satisfaction with 
care (SASS). Among intervention patients, the SASS 
questionnaire includes additional questions about 
eSyM program engagement and use.

Fig. 1 SIMPRO research consortium project schema
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As a type II hybrid effectiveness-implementation 
study, facilitators and barriers to implementation are 
assessed throughout the project (this aspect of the pro-
ject will be discussed in detail in a future manuscript).

Methods: participants, interventions, and 
outcomes
Study setting {9}
eSyM is deployed through the SIMPRO Consortium at 
six US-based healthcare institutions: Baptist Memo-
rial Health Care, Memphis, TN; Dana-Farber Cancer 
Institute, Boston, MA; Dartmouth Hitchcock Medical 
Center, Lebanon, NH; Lifespan Health System, Provi-
dence, RI; Maine Medical Center, Portland ME; and 
West Virginia University, Morgantown, WV. These 
health systems represent a diverse mix of academic/
community, rural/metropolitan, North-eastern and 
Southern community-based cancer centers (Table 1).

Eligibility criteria {10}
Eligible patients are at least 18 years old. Medical 
oncology patients must be scheduled to receive a new 
chemotherapy treatment plan in the next 30 days; 
have a relevant ICD-10 diagnosis code for a thoracic, 

gastrointestinal, or gynecologic malignancy; and have an 
encounter at a participating medical oncology site. Sur-
gical patients must be scheduled for surgery commonly 
used to treat a thoracic, gastrointestinal, or gynecologic 
malignancy; have a surgery date in the next 30 days; and 
have an encounter at a participating surgery site. Patients 
undergoing surgery are considered eligible regard-
less of whether they have a cancer diagnosis at the time 
of surgery, as pathologic confirmation of cancer may 
not be available until several weeks after surgery. We 
exclude incarcerated individuals as a protected popula-
tion; pregnant women and cognitively impaired adults 
are eligible because of the negligible risk of the interven-
tion. Although sites could expand eSyM to populations 
beyond the above-listed, only the specified patient popu-
lation is included in research analyses.

A subset of eSyM-eligible patients is randomly selected 
to participate in the SASS sub-study and complete either 
a control or intervention SASS questionnaire (SASS-
control or SASS-intervention, respectively). Selection of 
SASS questionnaire participants is stratified by cluster 
and period to ensure even spread. There are no additional 
eligibility or exclusion criteria for the SASS sub-study 
other than agreeing to complete a one-time English-lan-
guage questionnaire.

Fig. 2 SIMPRO consortium randomization schema. Abbreviations: BAPT Baptist, WVU West Virginia University, MMC Maine Medical Center, 
DHMC Dartmouth Hitchcock Medical Center, LCI Lifespan Cancer Institute, DFCI Dana-Farber Cancer Institute, SIMPRO Symptom Management 
IMplementation of Patient Reported Outcomes in Oncology
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Who will take informed consent? {26a}
Since eSyM is implemented and tested for use in routine 
clinical practice and was deemed standard-of-care and 
minimal risk, the IRB waived the individual informed 
consent requirement for both eSyM participation and 
medical records review.

Additional consent provisions for collection and use 
of participant data and biological specimens {26b}
Patients asked to complete a SASS questionnaire are 
informed of the sub-study’s details by research coor-
dinators and receive a letter outlining the elements of 
informed consent. The requirement for formal documen-
tation of written informed consent was waived by the 
IRB. Additionally, this trial does not involve collecting 
biological specimens for storage.

Interventions
Explanation for the choice of comparators {6b}
We will compare patients who started chemotherapy or 
had surgery before eSyM deployment (i.e., control epi-
sodes) with patients who started chemotherapy or had 
surgery after eSyM deployment (i.e., intervention epi-
sodes). This pre-post design allows each site to provide 
its own control group and likely reduces the potential 
for confounding on cluster- and possibly individual-level 
characteristics. Intervention patients are encouraged, but 
not required, to use eSyM. Thus, the intervention group 
is defined by exposure to, not use of, eSyM. Patients who 
receive multiple chemotherapy treatments or surger-
ies can contribute multiple episodes to the analysis. For 
example, a patient who received surgery during the con-
trol period and chemotherapy during the intervention 
period would contribute an episode to the surgery con-
trol cohort and a separate episode to the chemotherapy 
intervention cohort.

Intervention description {11a}
The eSyM program [44] includes the following core 
features: (1) EHR registries that automatically identify 
patients for eSyM activation, (2) patient portal question-
naires that assess symptoms at regular intervals for a 
defined period after chemotherapy or surgery (the ques-
tionnaires are based on the validated Patient Reported 
Outcome version of the Common Terminology Crite-
ria for Adverse Events [PRO-CTCAE®] plus two pic-
togram-based questions assessing overall well-being 
and performance status on a Likert scale), (3) patient 
self-management symptom tip sheets, (4) patient-facing 
views of past symptom reports, (5) care-team in-basket 
alerts for reported severe symptoms, (6) clinician-facing 
symptom reports and charting tools, and (7) population 
management reports [44].

Since teams caring for medical oncology and surgery 
patients may not overlap, and to accommodate differ-
ences in hospital system structures and priorities, eSyM 
was designed with the flexibility to be deployed for both 
medical oncology and surgery patients, exclusively or 
in combination. Deploying the medical oncology and 
surgery versions of eSyM at different time points helps 
account for co-existing trends that are unrelated to the 
intervention. The features of eSyM medical oncology 
and surgery are nearly identical. A patient can only be 
active on one version of eSyM at a time but can be active 
on different versions of eSyM sequentially. To use eSyM, 
patients must either have access to the patient portal 
(which requires having a smartphone or computer that 
has internet access) or be provided a tablet during clinic 
visits (available at two sites).

Criteria for discontinuing or modifying allocated 
interventions {11b}
eSyM automatically becomes available to eligible patients 
via the patient portal 1 day after either chemotherapy 
starts or hospital discharge after surgery. The program 
automatically discontinues after 180 days for medical 
oncology patients and after 60 days for surgical patients. 
Patients who do not wish to participate can either ignore 
questionnaire reminders or ask their care team to discon-
tinue them.

Strategies to improve adherence to interventions {11c}
We use several implementation science strategies to sup-
port stakeholder (i.e., patient and clinician) engagement. 
Educational materials and outreach efforts foster patient 
use of the program, and training materials and outreach 
efforts increase care team engagement with the program. 
Sites routinely employ a coordinator to monitor eSyM 
patients. Coordinators approach patients to encourage 
eSyM engagement and assist with program setup, ques-
tionnaire submission, technical questions, and care team 
training. In addition to completing eSyM symptom ques-
tions via the patient portal, some sites enable symptom 
reporting via an internet tablet in clinic. For patients 
unable to complete questionnaires independently, proxy 
reporting by a family member or close contact is encour-
aged. Figure  3 outlines specific implementation strate-
gies recorded to date. Throughout the project, additional 
implementation strategies are being documented by the 
site project coordinators in a central database.

Relevant concomitant care permitted or prohibited 
during the trial {11d}
eSyM is deployed as a standard-of-care intervention. It 
neither requires nor precludes concomitant care during 
the trial.
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Provisions for post‑trial care {30}
The trial makes no provisions for post-trial care. After 
the trial, sites may choose to continue using eSyM with 
or without modifications, or they may discontinue its 
use.

Outcomes {12}
The primary outcome is the occurrence of an emer-
gency department treat-and-release (EDTR) event 
within 30-days of chemotherapy start or surgical dis-
charge (binary outcome). Secondary clinical outcomes 
for surgery patients include time to initiation of adju-
vant chemotherapy, time to re-operation, time to re-
admission, and overall survival. Secondary outcomes 
for medical oncology patients include time to first 
chemotherapy treatment, time to delay or dose modi-
fication, time to chemotherapy discontinuation, time to 
admission, and vital status. Patients are followed for 1 
year after the treatment start date. Secondary outcomes 
focus on events through 90, 180 and 360 days. For the 
SASS sub-study, secondary patient-reported outcomes 
are evaluated approximately 30–60 days after the treat-
ment initiation date.

Participant timeline {13}
eSyM becomes available to medical oncology patients 
the day after the first treatment for a new chemo-
therapy plan is completed (i.e., cycle 1 day 2). Medical 
oncology patients can respond to eSyM’s PRO-CTCAE-
based symptom questionnaires up to twice per week for 

180 days. eSyM becomes available to surgery patients 
the day after hospital discharge following an eligible 
surgical procedure. Surgery patients can respond to 
questionnaires on a tapering schedule, up to 3 times 
per week for weeks 1–2, up to twice per week for weeks 
3–4, and up to once a week for weeks 5–8. If a patient 
transitions from medical oncology to surgery, or vice 
versa, then the medical oncology version of eSyM dis-
continues and the surgery version becomes active. 
Therefore, only one program is active at a time. There 
is no limit on the number of times patients may restart 
the eSyM program for new qualifying treatment plans 
or surgeries.

Sample size {14}
We calculated the sample size to have 80% power to 
detect a difference in the primary outcome of EDTR 
between the control and invention groups using the 
stepped wedge clustered randomized design [46]. Thirty-
day EDTR rates are estimated to vary between 8 and 15% 
for the control group. We hypothesized that EDTR rates 
will be 3–4% lower in the eSyM-intervention group. We 
based control group rates on EDTR rates derived from 
HCUP data, institutional data, and early phase analyses 
from CMMI’s Oncology Care Model (OCM) for Bap-
tist Memorial, the only OCM participant among our six 
sites. Table 2 shows the required sample size to have 80% 
power to detect a difference between groups, at two-
sided alpha level 0.05, using the stepped wedge cluster-
randomized design [46].

Fig. 3 Description of processes and implementation strategies at SIMPRO sites
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Analyses of inter-institutional variation in hospitali-
zation and ED visit rates from AHRQ’s statewide data-
bases indicate low intraclass correlations (ICC) [47, 48]. 
A low ICC (0.01) is expected for this study because (1) 
the intervention is deployed with the same technology 
across hospitals and (2) adjustments are made for varia-
tion in baseline risk via generalized linear mixed models 
such that potential differences in case-mix among hospi-
tals will be negligible. Given these factors, a conservative 
estimate would suggest that 6048 participants will pro-
vide adequate power to evaluate the primary outcome. 
This equates to a minimum of 504 medical oncology and 
504 surgical patients at each of the 6 participating sites. 
The protocol does not mandate equal distribution of par-
ticipants among participating sites. Since eSyM is being 
deployed as a broad-based system-level implementation, 
it is anticipated that the trial will have a much higher N, 
allowing for review and analysis of subgroups of interest.

Recruitment {15}
eSyM-eligible patients are identified automatically 
using two Epic-based patient registries — one for medi-
cal oncology and one for surgery. Thus, patients are not 
actively recruited. After patients are added to a registry, 
the system automatically assigns the symptom-based 
questionnaire series. Patients must have an active patient 
portal account to use most eSyM features. To increase 
awareness and engagement, patients receive a welcome 
message and instructions via their patient portal. Partici-
pants may also receive additional program information 
via pamphlets, telephone calls, emails, and/or personal 
communications during pre-operative or chemotherapy 
appointments. During these interactions, study team 

members assist with patient portal set-up (if needed), 
eSyM program education, and first questionnaire 
completion.

Assignment of interventions: allocation
Sequence generation {16a}
To determine the site activation sequence, sites were 
first categorized into three paired groups: Southern/
non-metropolitan (WVU and Baptist), Northern/non-
metropolitan (Maine and Dartmouth), or Northern/
metropolitan (Dana-Farber and Lifespan). The intention 
was to ensure that sites with similar characteristics would 
have different activation sequences. Then, site pairs were 
randomly assigned to time periods: Southern deploys 
during the 1st and 6th periods, Northern deploys during 
the 2nd and 5th periods, and Metropolitan deploys dur-
ing the 3rd and 4th periods. Finally, within each group, 
one site was randomly assigned to deploy medical oncol-
ogy before surgery and the other to deploy surgery before 
medical oncology (Fig.  4). With six participating sites, 
each deploying eSyM on two separate occasions, there 
are twelve total deployments (“go-lives”). Initiations were 
staggered, so that (a) each period includes one medi-
cal oncology and one surgery deployment, (b) each site 
deploys eSyM-medical oncology and eSyM-surgery dur-
ing different time periods, and (c) each site has the same 
total time exposed to eSyM.

Concealment mechanism {16b}
The randomization sequence was not concealed as sites 
needed to plan for their eSyM deployments with their 
technical, operational, and clinical teams.

Table 2 Required total sample size with various scenarios for 80% power
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Implementation {16c}
The allocation sequence was generated randomly by the 
study statistician at the project coordinating center on 
November 6, 2018.

Assignment of interventions: blinding
Who will be blinded {17a}
There is no blinding for patients or sites. eSyM is 
deployed as a standard-of-care intervention by health 
systems, such that all patients within a health system 
have the same intervention exposure, reducing the need 
for blinding. Post-deployment, all patients are notified of 
the eSyM program and can choose to participate or not, 
and all site staff are educated about eSyM to foster suc-
cessful implementation.

Procedure for unblinding if needed {17b}
This stepped wedge trial does not require procedures 
for unblinding because the eSyM intervention is being 
administered through standard-of-care clinical practice 
with no blinding for patients or sites. The study design is 
open label so blinding will not occur.

Data collection and management
Plans for assessment and collection of outcomes {18a}
Outcomes for control and intervention patients are 
collected via data extracts from the Epic EHR using 
custom structured query language (SQL) queries 
run by each site’s data warehouse team. The pri-
mary intervention outcomes include encounters 
(i.e., ambulatory visits, ED visits, and admissions); 

chemotherapy treatments, durations, and discon-
tinuations; procedures; and patient portal and eSyM 
utilization. For the SASS sub-study, patient-reported 
self-efficacy, symptom burden, and satisfaction with 
care are assessed through a one-time questionnaire 
approximately 30–60 days after chemotherapy or 
surgery. A minimum of 1800 questionnaires are col-
lected across sites, of which 900 are collected before 
and 900 after eSyM deploys. The SASS question-
naire varies modestly based on the type of treatment 
(medical oncology vs. surgery), the timing relative 
to eSyM deployment (before vs. after), and patient 
use of eSyM’s symptom monitoring questionnaires 
(responder vs. non-responder).

Plans to promote participant retention and complete 
follow‑up {18b}
For eSyM patients, an introductory message explain-
ing the program is sent via the patient portal, and 
automated reminders are sent at pre-defined intervals 
(approximately twice per week) encouraging symp-
tom questionnaire completion. At some sites, eSyM 
patients receive additional reminders to engage with 
the program through phone calls, emails, or in-clinic 
touch points. The SIMPRO coordinating center regu-
larly updates each site with key performance indica-
tors, including eSyM participation rates, to encourage 
sites to increase their patients’ use of eSyM. Patients 
who choose to stop receiving care at a SIMPRO site 
will have an incomplete follow-up as their encounters 
will no longer be captured by the site’s EHR system. For 

Fig. 4 SIMPRO stepped wedge randomization schema. Abbreviations: BAPT Baptist, WVU West Virginia University, MMC Maine Medical Center, 
DHMC Dartmouth Hitchcock Medical Center, LCI Lifespan Cancer Institute, DFCI Dana-Farber Cancer Institute, SIMPRO Symptom Management 
IMplementation of Patient Reported Outcomes in Oncology
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patients taking part in the SASS questionnaire, there is 
no specific retention or follow-up plan.

Data management {19}
Patient data are collected via Epic and REDCap. Epic, a 
HIPAA-compliant EHR, is used to deploy eSyM and to 
capture demographic data, healthcare and patient por-
tal utilization information, and clinical outcomes. RED-
Cap, a HIPAA-compliant and 21 CFR Part 11 application, 
is used to collect responses to the SASS questionnaire, 
which asks about patient health information as well as 
perceptions and behaviors regarding patient portal and 
ePRO systems. Both systems employ user privileges, 
password protection and authentication, auto-logout 
settings, and audit trails. Study-specific procedures to 
maximize data security include controlled access, use 
of unique study identification numbers, extensive train-
ing, and regular quality checks. Once collected, data are 
deidentified and shared with the SIMPRO coordinating 
center via secure file transfer protocols in compliance 
with a fully executed multi-center data transfer agree-
ment. Data collection and transfer procedures are out-
lined in Fig. 5.

Confidentiality {27}
The study team has taken many steps to protect 
patient privacy and confidentiality, including train-
ing all staff in best practices and regulations, col-
lecting research data using unique identification 
numbers, and using data collection systems that 
meet NIH data security standards. In addition, 
only limited deidentified data are transferred to the 
coordinating center.

Plans for collection, laboratory evaluation, and storage 
of biological specimens for genetic or molecular analysis 
in this trial/future use {33}
This trial does not include collection, laboratory evalu-
ation, or storage of biological specimens for genetic or 
molecular analysis.

Statistical methods
Statistical methods for primary and secondary outcomes 
{20a}
This type II effectiveness-implementation hybrid study 
will assess the impact of eSyM and describe the facili-
tators and barriers to eSyM having an impact [49]. The 
primary analysis will be conducted with the medical 
oncology and surgical cohorts combined. Descriptive sta-
tistics will be used to elucidate characteristics of clusters 
and participants; multilevel generalized linear regression 
models will be used to characterize relationships with 
outcomes controlling for other factors. For each out-
come, modification of the intervention effect by cohort 
(i.e., surgery and medical oncology) will be assessed by 
including interaction tests. If the observed p-value for 
the test for interaction is greater than 0.2, the interac-
tion term will be removed from the model and a com-
mon intervention effect will be estimated. If the observed 
p-value is below 0.2, analyses for the medical and surgi-
cal cohorts will be conducted separately and intervention 
effects will be estimated for each cohort.

The primary study outcome is the occurrence of an 
EDTR event within 30 days of chemotherapy start or 
surgical discharge. This will be classified as a binary 
outcome: any or no EDTR within 30 days. Events 
occurring on the first day of chemotherapy infu-
sion or the day of hospital discharge will be excluded, 
because they could not have been impacted by the 

Fig. 5 SIMPRO Consortium data collection and transfer plan. Abbreviations: BAPT Baptist, WVU West Virginia University, MMC Maine Medical Center, 
DHMC Dartmouth Hitchcock Medical Center, LCI Lifespan Cancer Institute, DFCI Dana-Farber Cancer Institute, SIMPRO Symptom Management 
IMplementation of Patient Reported Outcomes in Oncology, SDOH social determinants of health, PI principal investigator, PM project manager
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eSyM program. Because each patient could experience 
multiple episodes during the study period (i.e., start 
more than one chemotherapy region or have more than 
one surgery), the analysis could include multiple data 
points from the same patient. Multilevel generalized 
linear regression with the logit-link will account for 
within-subject correlations and confounding by known 
covariates (e.g., age, sex, race/ethnicity, employment 
status, marital status, socio-economic status, type of 
cancer, type of surgery or chemotherapy, treating facil-
ity, number of co-morbidities). Factors included in the 
generalized linear regression models will include inter-
vention, time, hospital (fixed effect), subject (random 
effect), and other potentially relevant predictive factors. 
The models will include random intercepts; we may 
explore inclusion of random slopes to assess for tempo-
ral changes. If a mixed effect model does not converge, 
we will use a generalized estimating equation approach 
instead. Results will be reported as odds ratios with 
95% confidence intervals.

Key secondary outcomes include the initiation of 
chemotherapy for surgery patients and the duration of 
chemotherapy for medical oncology patients. For sur-
gery patients, we will look at the time to initiation of 
chemotherapy and whether chemotherapy is given 
within 90 days of discharge. For medical oncology 
patients, we will assess the time to discontinuation of 
chemotherapy and the total duration of chemotherapy 
treatment. For all patients, we will assess response to 
eSyM questionnaires and utilization of healthcare ser-
vices. Multilevel generalized linear regression models 
will be used with an appropriate link function (e.g., 
logit-link for binary outcomes, log-link for count data, 
and time-to-event outcomes [e.g., time to admission/
re-admission, time to surgery, time to death], and iden-
tity-link for continuous outcomes [e.g., self-reported 
quality of life]), to compare intervention vs. control 
patients while also controlling for other potential con-
founding variables.

Participants in the SASS sub-study self-report five 
PROMIS short-form domains: pain, fatigue, depression, 
anxiety, and physical function. Past studies have reported 
minimally important difference ranges for these domains, 
which are approximately 3–5 using a T-score scale [50] or 
0.5 using a standard deviation scale [51–53]. To systemat-
ically assess patients’ care experience, participants in the 
SASS sub-study self-report using the Consumer Assess-
ment of Healthcare Providers and Systems (CAHPS) can-
cer care surveys for drug therapy and surgery [54, 55]. 
For each of the five PROMIS domains and two CAPHS 
surveys, we will compare scores for eSyM-intervention 
versus control patients, adjusting for case-mix and other 
potential confounding variables.

Interim analyses {21b}
eSyM utilization is assessed monthly to guide and adapt 
implementation efforts using two patient-level metrics: 
(1) response to at least one symptom monitoring ques-
tionnaire and (2) response to multiple symptom monitor-
ing questionnaires. We had not planned a formal interim 
analysis, but the COVID-19 pandemic forced a change 
in plans. Although eSyM deployments have occurred 
on schedule, the COVID-19 pandemic has impacted the 
eSyM project in many ways. Most notably, emergency 
department visits plummeted during the pandemic [56]. 
Since the project’s primary outcome is 30-day EDTR, the 
actual proportion of the event occurrence could be lower 
than estimated, adversely impacting study power. There-
fore, we plan to conduct an interim analysis to estimate 
the event rate for the intervention cohort, without com-
paring the intervention and control groups. If needed, we 
will amend the protocol to extend accrual.

Methods for additional analyses (e.g., subgroup analyses) 
{20b}
Analyses to assess for heterogeneity in treatment effects 
are considered exploratory and will be limited to pre-
specified salient domains. Subgroups of interest are (1) 
computer experience, (2) rurality, (3) age (less than 70 
versus greater than or equal to 70), (4) cancer or surgery 
type, and (5) patient versus patient-proxy reporting. We 
will also look to see if the intervention has a differential 
impact over time and by cluster.

Methods in analysis to handle protocol non‑adherence 
and any statistical methods to handle missing data {20c}
Patients exposed to protocol non-adherence will be 
excluded from the analysis. To evaluate the robustness 
of the results for the primary analysis, sensitivity analy-
ses will be performed with various approaches to handle 
missing observations, including best or worst case impu-
tations, mean value imputation, and multiple imputa-
tions [57]. For EHR data, substantial missing data is not 
anticipated but, if needed, multiple imputations will be 
performed and results integrated using Rubin’s method 
[57]. For SASS questionnaire patient response data, we 
will use several methods to handle missing observations, 
including mean value, worst-case, best-case, and multiple 
imputations [57].

Plans to give access to the full protocol, participant‑level 
data, and statistical code {31c}
All data are stored in a master deidentified dataset at the 
SIMPRO Consortium coordinating center. In accord-
ance with IMPACT funding requirements and the SIM-
PRO data use agreement, a deidentified data set will be 
shared with the National Institutes of Health (NIH) and 
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collaborators. Investigators can request the data collected 
from this study for new research. Requests must be 
approved by WIRB, the Dana-Farber IRB, and the NIH 
prior to sharing.

Oversight and monitoring
Composition of the coordinating center and trial steering 
committee {5d}
eSyM is deployed through the multi-center SIMPRO 
Consortium. The coordinating center (Dana-Farber) 
oversees administrative grant management, Epic soft-
ware configuration, data analysis, and overall project 
and consortium coordination. The coordinating center 
includes a co-principal investigator, two statisticians, a 
program manager, and two research coordinators. Mem-
bers of the coordinating center, along with the principal 
investigators from each participating SIMPRO site and 
the eSyM technical lead, provide oversight and monitor-
ing of data collection and management.

Composition of the data monitoring committee, its role, 
and reporting structure {21a}
This is a minimal risk study assessing the impact of a 
standard-of-care implementation; there is no data moni-
toring committee.

Adverse event reporting and harms {22}
This is a minimal risk, standard-of-care implementation; 
routine adverse event reporting is not conducted.

Frequency and plans for auditing trial conduct {23}
The Epic extracts are audited quarterly by each site and 
by the SIMPRO coordinating center. Patient medical 
records are only accessible at individual sites; they can 
only be audited at the request of a site’s principal inves-
tigator. All other study records can be audited at the 
request of the project and site principal investigators. 
Audits will not be conducted by external groups.

Plans for communicating important protocol amendments 
to relevant parties (e.g., trial participants, ethical 
committees) {25}
All protocol amendments are prepared, approved, 
and submitted to WIRB by the SIMPRO coordinat-
ing center. Once approved, memos are circulated to site 
project managers for record-keeping and submission to 
local IRBs in compliance with local policies. As this is a 
minimal risk study, patients are not notified of protocol 
amendments.

Dissemination plans {31a}
The SIMPRO Consortium plans to share results with 
participants, healthcare professionals, institutions, and 

software developers. At the conclusion of the study, all 
participants will be directed to clini caltr ials. gov and 
PubMed to view results. For healthcare professionals, 
results will be made available through manuscript pub-
lications and conference presentations. The study team 
is working with Epic to make eSyM available to all Epic-
based healthcare intuitions via Epic’s User Web, Share-
Point, and annual meetings. The SIMPRO website (www. 
esymc ancer moons hot. org) includes build information, 
symptom management tip sheets, workbooks, and other 
resources.

Discussion
The SIMPRO consortium is conducting a pragmatic 
type II hybrid effectiveness-implementation stepped 
wedge cluster-randomized trial to assess the impact of 
a symptom management program for patients treated 
with cancer chemotherapy or surgery in the routine 
care setting. To date, key successes include (1) creating 
an ePRO-based symptom management program that is 
integrated into a widely used EHR system; (2) deploying 
eSyM across six health systems; (3) adapting eSyM, and 
its associated implementation strategies, based on feed-
back from patients and clinicians; (4) providing access 
to symptom monitoring and management tools to thou-
sands of cancer patients; and (5) beginning to collect data 
from six versions of the Epic EHR using a common data 
model. The pragmatic design employed by this protocol 
will enable systematic analysis of the effectiveness of a 
novel care delivery intervention in a real-world setting.

This trial has faced several challenges that have under-
scored the importance of the adaptive approach:
Operational: As a dynamic implementation project, 

eSyM is continuously refined. Differing clinic structures, 
technical capabilities, and leadership engagement across 
the sites impact the consistency, feasibility, and accept-
ability of the program. Program needs change frequently 
based on real-time feedback from patients and clinicians. 
Intervention and protocol modifications are considered 
on an ongoing basis. Optimizing the program is labor-
intensive and operationally challenging.
Technical: Partnering with Epic to develop eSyM has 

presented advantages (e.g., a robust EHR with a secure 
HIPAA-compliant patient portal), but technical chal-
lenges have nevertheless arisen. Healthcare institutions 
have unique EHR configurations and site-specific policies 
that can add time and complexity to system configuration 
and deployment efforts. Epic functional capabilities, such 
as limited user-interface display options, messaging capa-
bilities, and notification settings, constrain what can be 
built into the system.
Administrative: Deploying eSyM at six separate institu-

tions has required substantial coordination. Each site has 

http://clinicaltrials.gov
http://www.esymcancermoonshot.org
http://www.esymcancermoonshot.org
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unique staffing, processes, and procedures. Multi-center 
IRB submissions, EHR builds, data use agreements, 
data extraction procedures, and funding agreements are 
needed to support this project, which requires substan-
tial administrative work by each site and the coordinating 
center.
Clinician: A key and persistent challenge has been cli-

nician buy-in to a new symptom management program. 
eSyM is designed to integrate into existing workflows, 
but it still introduces new processes that have gener-
ated stress amidst pandemic-related work pressures and 
staffing shortages. We have adapted eSyM in response to 
clinician feedback. For example, the original question-
naire asked patients to report symptoms experienced 
over the last 7 days, but nurses expressed concern that 
this led patients to report symptoms that have resolved. 
Since the primary goal of eSyM is early identification and 
treatment of symptoms to prevent escalation, we revised 
the recall period to ask about symptoms experienced in 
the preceding 24 h. Effects of this modification will be 
analyzed.
Patient: Some patients engage with eSyM’s question-

naires and educational resources more than others. Bar-
riers to engagement include limited access to technology 
(e.g., computers, smartphones, internet access), limited 
understanding of eSyM program benefits, and skepticism 
that healthcare providers will use eSyM reports to guide 
management decisions. Site teams review this feedback 
routinely and look for strategies that encourage regular 
use of the program.

Although the COVID pandemic has created many chal-
lenges, not all its impacts have been detrimental. It has 
prioritized telehealth in an unprecedented way, and it has 
provided a strong external impetus to engage stakehold-
ers, including healthcare administrators, clinicians, and 
patients/caregivers, on the use of novel technologies and 
the need for novel approaches to healthcare delivery. A 
key aspect of our study design involves a detailed analysis 
of implementation outcomes, including patient adoption, 
clinician utilization, ePRO sustainability, penetration 
and scalability for symptom management, and extent of 
ePRO systems adaptation over the course of the imple-
mentation. Qualitative and quantitative implementation 
outcomes data, which are collected from stakeholders 
throughout the project, will help identify facilitators and 
barriers to implementation across multiple levels.

Trial status
The study protocol was originally approved as a mini-
mal risk research study on November 25, 2018 (protocol 
#20182593). Current protocol version 6.0 was approved 
on June 23, 2021. Pre-intervention SASS questionnaire 
data collection began July 25, 2019. The first cohort of 

eSyM patient recruitment began on September 10, 2019. 
Patient recruitment is expected to conclude on August 
31, 2022. Data collection is expected to conclude in the 
last quarter of 2023.
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