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Abstract

Objective: Electronic patient-reported outcome (ePRO) systems hold promise for revolutionizing communication between
cancer patients and healthcare providers across various care settings. This systematic review explores the multifaceted land-
scape of ePROs in cancer care, encompassing their advantages, disadvantages, potential risks, and opportunities for
improvement.

Methods: In our systematic review, we conducted a rigorous search in Scopus, Web of Science, and PubMed, employing
comprehensive medical subject heading terms for ePRO and cancer, with no date limitations up to 2024. Studies were crit-
ically appraised and thematically analyzed based on inclusion and exclusion criteria, including considerations of advantages,
disadvantages, opportunities, and threats.

Findings: Analyzing 85 articles revealed 69 themes categorized into four key areas. Advantages (n=14) were dominated by
themes like “improved quality of life and care.” Disadvantages (n=26) included “limited access and technical issues.”
Security concerns and lack of technical skills were prominent threats (n=10). Opportunities (n=19) highlighted advance-
ments in symptom management and potential solutions for technical challenges.

Conclusion: This review emphasizes the crucial role of continuous exploration, integration, and innovation in ePRO systems
for optimizing patient outcomes in cancer care. Beyond traditional clinical settings, ePROs hold promise for applications in
survivorship, palliative care, and remote monitoring. By addressing existing limitations and capitalizing on opportunities,
ePROs can empower patients, enhance communication, and ultimately improve care delivery across the entire cancer
care spectrum.
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Introduction outcomes consistently and regularly through traditional
methods is especially high, and failing to collect that data

Cancer remains a formidable global health challenge, could hurt the completeness of studies essential for

responsible for approximately 10 million deaths in 2020."
Beyond physical symptoms, cancer profoundly impacts
patients’ psychological well-being and quality of life,
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regulatory approval.*> While paper-based approaches can
report complications and outcomes, they face numerous
limitations such as physical space constraints, data loss,
and limited access for care providers to vital data when
and where needed due to the accumulation of vast
amounts of nonreal-time data.®’ Consequently, paper-
based approaches to collecting patient-reported data may
result in untimely, illegible, illogical, or incomplete data,
ultimately impacting the quality of patient care and treat-
ment adversely. To address these challenges, recent
advancements in information technology have spurred the
design and development of various electronic systems in
this domain. Moving towards the electronicization of
outcome reports will enhance warnings and reminders,
improve data quality compared to paper-based methods,
reduce data access time, and facilitate data comparison
and clinical research.®®

Electronic patient-reported outcome (ePRO) systems
have great potential to solve various problems in cancer
care. These systems can facilitate real-time data collection,
improve the reporting of side effects and outcomes, enhance
patient engagement, and provide timely alerts and persona-
lized feedback to patients and healthcare providers.”™"!
ePRO systems are advanced digital platforms designed to
collect real-time data directly from patients regarding their
health, symptoms, and quality of life. Utilizing various
technologies such as websites, mobile applications, and
portals, ePROs provide a dynamic and accessible means
of tracking patient-reported information, contributing to
more comprehensive and timely assessments in cancer
care'™!"! Furthermore, the remote monitoring capabilities
of ePROs could prove beneficial in situations where fre-
quent in-person visits are challenging or geographically
restricted.'? Moreover, ePRO systems present a promising
avenue for enhancing cancer care through improved
patient engagement, real-time symptom tracking, and per-
sonalized care."?

Several studies have highlighted the potential benefits
and challenges of ePRO systems in cancer care, including
improved health-related quality of life'*'® enhanced
patient engagement'’ and favorable cost-effectiveness.'®
Additionally, ePRO systems are effective in providing lon-
gitudinal monitoring of treatment and symptoms, facilitat-
ing better communication with specialists,'” and they are
providing a more comprehensive and meaningful clinical
insight regarding screening, diagnosis, and response to
treatment.'*'® These systems, characterized by user-
friendly interfaces and personalized feedback mechanisms,
contribute not only to efficient reporting but also to heigh-
tened patient satisfaction.?*?! However, challenges such as
methodological limitations, feasibility concerns, and tech-
nical barriers need to be addressed for their widespread
adoption.**%*

Highlighting the critical need for ePRO in cancer, previ-
ous studies have shown their efficacy in assessing symptom

burdens and improving patient well-being. However, a
comprehensive assessment of the advantages, disadvan-
tages, and implementation strategies of ePRO systems in
cancer care is lacking.>>>’ While Merit et al. conducted a
thorough review focusing on electronic patient-reported
outcome measures (ePROM) benefits and disadvantages,28
our study surpasses this scope by including all ePRO mea-
surements and systems, as well as analyzing opportunities
and threats. This systematic review aims to address this
gap, providing valuable insights into the benefits and chal-
lenges of ePRO, guiding evidence-based oncology prac-
tices, and aiding stakeholders in effective integration. By
systematically evaluating the role of ePRO systems in
enhancing patient outcomes and cancer care quality, our
study benefits healthcare providers, researchers, and policy-
makers, informing decision-making processes and ultim-
ately improving patient care and engagement.

The research questions for our systematic review could
be formulated as follows:

1. What are the advantages of integrating ePRO systems
into cancer care?

2. What are the disadvantages and potential threats asso-
ciated with implementing ePRO systems in oncology
practices?

3. What opportunities do ePRO systems present for
improving patient outcomes and enhancing the overall
quality of cancer care?

4. What are the potential threats and challenges that need
to be addressed for the successful integration of ePRO
systems in diverse oncological settings?

These research questions will help in systematically evalu-
ating the advantages, disadvantages, opportunities, and
threats of ePRO systems in cancer care, and in identifying
the most effective approaches for their successful imple-
mentation and widespread adoption.

Methods

We conducted a systematic review of all academic articles
pertaining to ePRO for diagnostic and treatment outcomes
in cancer. The study unfolds within a digital landscape, util-
izing a meticulously crafted data extraction form as the
primary instrument for collecting valuable perspectives.
Following full-text screening and quality appraisal, a total
of 85 articles met the inclusion criteria. Subsequently,
data extracted from these pertinent articles will undergo
thorough narrative analysis and be presented in organized
tables and diagrams. Our final report will adhere to the
Preferred Reporting Items for Systematic reviews and
Meta-Analyses (PRISMA).29 This study covers five main
steps including search strategy, inclusion and exclusion cri-
teria, study selection, quality appraisal, and data extraction
and synthesis.?
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Search strategy

We searched for articles published in electronic databases
without time limitation, using three databases: Scopus,
Web of Science, and PubMed. The searches used the fol-
lowing keywords and medical subject heading (MeSH)
terms in various combinations. We derived two broad
themes that were then combined with the Boolean operator
“AND.” The first theme in Mesh ‘“electronic Patient
Reported Outcomes” was created by the Boolean operator
“OR” to combine text words (e.g., “electronic Patient-Self
Reporting,” OR “electronic Patient Reported Measures”).
The second theme “Cancer” was the broad aspect created
for the search strategy. Additionally, a backward snowball
search will be employed to ensure comprehensive coverage
of relevant articles. In the next step, all studies were
imported into EndNote software and accordingly, we
could remove duplicates.

Inclusion and exclusion criteria:

The inclusion criteria for this study were papers published
in English, related to electronic patient-reported outcomes
and measures, and various research types like quantitative,
qualitative, and mixed methods. The exclusion criteria were
non-English language articles, inaccessible full-text arti-
cles, studies exclusively focused on technical infrastructure,
and those emphasizing paper-based or manual patient-
reported outcome (PRO) versions, books, protocols, stan-
dards, framework, and guidelines, conference proceedings,
dissertations, conference abstracts, reviews, short reports,
posters, newspapers, editorials, and commentary.
Furthermore, unrelated subjects were excluded such as
feasibility, paper vs. electronic, terminology criteria, clin-
ical alerts, health equity, perspective, experiences, and per-
ception, data and machine learning, models, associations,
not related and not cancer, editorial, biology, telemedicine,
ethical principles, wearables, gamification, system design,
and technical innovations, oncology informatics, precision
oncology, validity and reliability, and economic. Studies
lacking indicators or outcomes for cancer, not using the
system as the intervention tool, or with insufficient and
vague information were also excluded.

Study selection

Two reviewers (Hosna Salmani and Somayeh Nasiri) inde-
pendently checked the title and abstract of the papers, and in
case of disagreement, a third person (Maryam Ahmadi) was
used. The irrelevant studies were removed, and the reasons
for inclusion and exclusion were identified. One reviewer
(Hosna Salmani) conducted data extraction, and other
reviewers (Maryam Ahmadi and Somayeh Nasiri)
rechecked the accuracy of the results. The same researchers
read and reviewed the entire text to make the final decision.

Quality assessment

The selected articles underwent a rigorous quality assess-
ment using the Mixed Methods Appraisal Tool, comprising
components for qualitative, quantitative (clinical trials),
quantitative (nonclinical trials), descriptive, and mixed
methods, incorporating 25 questions. Each affirmative
response contributes to a 25% score. Articles surpassing
the average in the number of positive responses or fully spe-
cified items are categorized as high quality. Those with
positive responses ranging from 25% to 50% are classified
as medium quality, while those falling below 25% are con-
sidered low quality.

Data extraction

An initial data extraction form was developed at this stage
of the review, which included advantages, disadvantages,
opportunities, and threats. One reviewer extracted the
data, and data elements were organized into two sections:
general items (author, year, country/state, objective, and
participants) and specific items (advantages, disadvantages,
threats & opportunities, and cancer type). The selected
papers were summarized in the final step of our method-
ology, and important factors were identified. The statistical
results of systematic reviews were described for outcomes
reported in the studies (see Table Al).

Data synthesis

The data were analyzed descriptively due to the heterogen-
eity of the study characteristics in ePRO. Thematic analysis
was conducted to combine similar findings, with the themes
recorded and categorized into organizations and indivi-
duals. The themes were then grouped and further analyzed.
To ensure the validity of the thematic extraction process,
the papers were cross-checked and discussed by the two
authors of this study.*° In the final step of the methodology,
the selected papers were summarized, and major factors
were found. The frequencies and percentages were calcu-
lated for all the results with respect to each of the items,
and the comprehensive results, including Table 1 and
Table Al and Figures 1-2, were presented. The study’s
findings contribute to a better understanding of the advan-
tages, disadvantages, threats, and opportunities of elec-
tronic reporting systems in cancer care, informing the
development of evidence-based, patient-centric oncology
practices.

Results

General findings

In our systematic review, we identified 672 papers, out of
which 85 academic papers were included in our systematic
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Table 1. The classification of advantages, disadvantages, threats, and opportunities in ePRO.

Advantages
(N=14)

Disadvantages
(N=26)

Improved quality of life and care* ¢-183177

Real-time and remote mOnitoring1,16—18.31,33,34,36—39.43,4#,47.49—51.5‘0,56,57.59,60,63,6‘0.66,70,72—84

Effective communication between clinicians and patients and medical
team18.2‘0,25,37.MOA7,50.51,57,59.63.66.67.72,79,80,84-89

comprehensive sym ptom assessmentl7,22,39,49,60,72,75,87,91,95,99.102,103

Improved patient outcomes®?2-52:36:61,66.71.83,99

Revolutionizes patient care!®?®961:62:69.71,83,88.89

Increase safety?®>%7%:82:83.96

Versatile administration®*1°*

Efficient clinician attention and increasing patient understanding®*"%*

Efficient clinical encounters®-?

Economic gains®>®

Reduces adverse event-related emergency admissions>*®

Broader healthcare integration with EPR systems®!
Beyond cancer treatment with electronic health platforms®*

Total

+,51,17,33,34,38,47,54,56,58,63,65,70,72,74,83,85,87,90,91
Small sample size

Tech nical iSSueslB,19,2&,3&,39,&7,50,60,66-68,710,76,81,92,93

Potential biaS16,22,b0.41,43,57.65,7&,84».85,910,95

Challenges in interfacing with diverse EPR systems, Insufficient integration of PROMs into
routine practice and lack of EHR integration?®*3%:33%:83.93.97.98

Workflow and organizational issues76778:86:%7

Data privacy and security issues®*6%67-71:9

Limited focus on specific populations®”-#147-21:9%

Data collection (single center,” no accuracy,® no standards*®) and completion®® ® issues

Educational obstacles for users*®**2%?

Usability challenges and issues on smartphones®®60-68:10

User resistance issues'®#89%:3

Missing data and limited data responses*”>*7*#7

45

39

22

13

10

158

16

12

28.48
24.68

13.92

100
15.70

13.22

4.96
4.13
4.13

4.13

(continued)




Salmani et al. 5

Table 1. Continued.

Low response rates®’-622 3 2.48
Reliance on smartphone users with internet access®>*7¢#8 3 2.48
Potential resource challenges in busy hospitals®"7>% 3 2.48
Lack of motivation®*°®7® 3 2.48
Lack of communication®*##° 3 2.48
Data visibility and presentation issues?*3%"2 3 2.48
Challenges in Reorganizing Conventional Care Systems®? 2 1.65
Limited clinical outcome data®>®® 2 1.65
Barriers to optimal implementation (alert fatigue issues)®®%° 2 1.65
Ongoing maintenance requirements®! 1 0.83
Unplanned subgroup analysis and potential confounders® 1 0.83
Nonexposed patients have reservations about ePRO® 1 0.83
Accessibility issues for blind patients®® 1 0.83
Lack of prior technology use®® 1 0.83
Total 121 100
Threats Challenges in data security and technical skills®-1%-24343947.50.60,66-68,71,74,76,81,84,92,93,96 21 42.00
(N=10)
Integration challenges?®®3%:2229.83.84.93,97.98 9 18.00
Potential resource, administrative challenges and resource constraints'®>%7>:82:9%:103 6 12.00
Challenges in the digital divide and educational programs'®>*>%%° 4 8.00
The administrative effort is required to achieve high completion rates*>>®*° 3 6.00
Potential cost concerns'®?’ 2 4.00
Time constraints'®®’ 2 4.00
Limited availability of tablets for Patient-reported outcome measures (PROMs)*® 1 2.00
Potential loss of symptom nuances due to scaling® 1 2.00
Potential inaccuracies in reporting and grading AEs by different providers®’ 1 2.00
Total 50 100

Opportunities  Addressing data security and technical skills concerns!®%:2%3%39:47.30,60,66= 20 18.02

68,71,74,76,81,92,93,96
(N=19)

(continued)
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Table 1. Continued.

39,44,49,51,70,75-

Opportunities for symptom management, monitoring and detection 19 17.12
77,80,81,84,86-89,98-101
Improved communication®®?2+23-3244.51,59.79.80,85.87 11 9.91
Improve quality of [ife3*36:44:4748.51,5859.66.9 10 9.01
Opportunities for improved patient engagement!”-18-2-66:74.82:84,86.96.103 10 9.01
Potential economic gains, cost-effectiveness and cost savings from reduced patient 9 8.11
transportation costs and canceled consultations®:3233-62:62.83.87.101
Opportunities for self-management and self-reporting"*%2%1%° 4 3.60
Personalized care and information®®7%%%%" 4 3.60
Increased willingness to use ePRO among exposed patients®®®>®’ 3 2.70
Opportunities for improved patient outcomes’*”>#3 3 2.70
Increase patient satisfaction®3*>® 3 2.70
Emphasizing the need to eliminate barriers to data accuracy and reliability in future ePRO 3 2.70
assessments"%>*
Potential future standardization in cancer care delivery®-%2° 3 2.70
Opportunities for improved patient empowerment®°® 2 1.80
Improve data quality®®”® 2 1.80
Enhancing awareness'”* 2 1.80
Enhanced symptom detection and early integration of palliative care® 1 0.90
Expanding platforms to larger cohorts and diverse clinical settings’? 1 0.90
Integrating wearable devices for digital phenotyping’ 1 0.90
Total 111 100

Note.#ePRO: electronic patient-reported outcome; EPR: electronic patient record.

review, providing a comprehensive exploration of elec-
tronic health platforms for cancer care. Figure 1 presents
a PRISMA diagram illustrating our review process, show-
casing the systematic selection and inclusion of relevant
academic papers.

In the following sections, after summarizing all articles,
we classified them based on their advantages, disadvan-
tages, opportunities, and threats. The study revealed a com-
prehensive spectrum encompassing a total of 69 instances,
including 14 advantages (20%), 26 disadvantages (38%),
10 threats (14%), and 19 opportunities (28%). The fre-
quency distribution of ePRO systems, as illustrated in

Figure 2, provides a comprehensive overview of the
diverse aspects related to advantages, disadvantages,
threats, and opportunities observed in the selected studies.

Main findings

Our systematic review of ePRO systems in cancer unveiled
several significant findings. Table 1 displays the distribu-
tion of studies addressing the advantages, disadvantages,
threats, and opportunities associated with eéPRO in cancer.
After identifying these factors within the ePRO system,
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Records identified
through PubMed
database searching
(n=199)

Identification

Screening

Eligibility

Included

Records identified
through Scopus database
searching
(n=277)

Title and Abstract reviewed
(n=339)

Full Article review (n=117)

Article included in the final study (n=85)

Records identified
through Web of
Science database

searching
(n= 196)

Excluded Duplication:
(n=334)

Total Article Excluded (n=222)
1.Review Studies (37)
2.Feasibility (37)

3 Protocols (35)

4 Standard (1)
5.Framework and Guidelines (9)
6.Paper vs Electronic (7)
7.Terminology criteria (1)
8.Clinical Alerts (1)
9.Health Equity (1)
10.Data and Machine learning (9)
11.Associations (2)

12. Not related and not cancer (52)
13. Editorial (3)

14. Biology (2)

15. Report (4)

16. Ethical Principles (1)

17. Book (2)

18. Gamification (1)

19. Oncology Informatics (3)
20. Precision Oncology (1)
21. Validity and reliability (4)
22. Economic (1)

23. General (5)

24. Education (1)

25. Commentary (1)

Total Article Excluded (n=32)
1. Wearables (2)

2 .Perspective and experiences and
perception (20)
3.Telemedicine (1)
4.System design and Technical
Innovations (3)
5.Caregivers and Stakeholders (2)
6. Models (4)

Figure 1. PRISMA diagram of our review process.

Note. PRISMA: Preferred Reporting Items for Systematic reviews and Meta-Analyses.
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Advantages
20%

Opportunities
28%

Disadvantages
38%

Figure 2. The frequency distribution of ePRO systems related to
advantages, disadvantages, threats, and opportunities in selected
studies.

Note.#ePRO: electronic patient-reported outcome.

we categorized and summarized common themes into dis-
tinct categories.

Advantages

According to Table 1, The advantages of ePRO were found
to be diverse, with “Improved Quality of Life and Care”
being the most prominent, cited in 45 studies
(28.48%).147 16183171 This was followed by “Real-time
and Remote Monitoring” with 39 references (24.68%),
highlighting its significance in real-time health monitoring,

which can significantly impact patient outcomes''®”
18.3133,34.36-39.43,44.47.49-51.54,56,57.59.60.63.64.66.70.72-84 .4
“Effective Communication Between Clinicians and

Patients” with 22 articles (13.92%), emphasizing the critical
role of communication in improving collaboration and
patient understand-
ing, 18:242537:44.47.50,51.57:59.63.66.67.72.79.80.84-89. 1 verely,
the minimum count within the advantages is represented
by “Broader Healthcare Integration with electronic patient
record (EPR) systems” and “Beyond Cancer Treatment
with Electronic Health Platforms,” each featuring only
one study.**®!

Other advantages included “Comprehensive Symptom
Assessment,” “Improved Patient Outcomes,”
“Revolutionizes Patient Care,” “Increased Safety,” and
“Versatile Administration,” among others. The advantages
of ePROs were found to significantly impact patient out-
comes, facilitate efficient clinical encounters, and increase
safety, among other benefits.

Disadvantages

On the other hand, the review also identified several disad-
vantages associated with electronic Patient Reported

Outcome Measures (ePROMs). The most prevalent disad-
vantage was “Small sample size,” cited in 19 studies
(15.70%), reflecting a common challenge in research method-
ologies that may limit the generalizability of find-
ings, '17:33:34.3847.54.56.58.63.6510.72.7483.85879091 followed by
“Technical issues” with 16 references (13.22%), highlighting
the challenges posed by technology in the implementation of
electronic health platforms!®19:243%39:47:50.60.66-68.74.76.81.9293
and “Potential bias” with 12 references (9.92%), emphasizing
the need for researchers to address and mitigate bias in partici-
pant selection, data  extraction and  report-
ing, 1622404143.57.657484859495 [ contrast, the minimum
counts are assigned to “Ongoing maintenance require-
ments,” “Unplanned subgroup analysis and potential
confounders,” “Nonexposed patients have reservations
about ePRO,” “Accessibility issues for blind patients,”
and “Lack of prior technology use,” each with only one
reference.?'°7°%%3 Other disadvantages included chal-
lenges in interfacing with diverse EPR systems, work-
flow, and organizational issues, data privacy and
security issues, limited focus on specific populations,
and educational obstacles for users, among others.
These disadvantages highlighted potential challenges in
the implementation and utilization of ePROs in cancer
research (see Table 1).

Threats

In terms of threats, the review identified “Challenges in data
security and technical skills” as the most prevalent threat,
cited in 21 studies, (42.00%) reflecting the growing
concern around data security and the importance of tech-
nical expertise in managing electronic health plat-
forms, 1819:24:3439.47.50.60,66-68.71,74,76,81.84.92.93.96 1100
by “Integration Challenges” with nine references
(18.00%), indicating the complexities associated with
seamlessly integrating these platforms into existing health-
care systems.zs’z’g’5 2,59.83,84.93.97.98 41 d “Potential Resource,
Administrative Challenges and Resource Constraints” with
six references, (12.00%) indicating the complexities asso-
ciated with seamlessly integrating these platforms into
existing healthcare  systems.?>-39%39:83:93.97.98 = pe
minimum counts within threats are assigned to “Limited
availability of tablets for PROMs,” “Potential loss of
symptom nuances due to scaling,” and “Potential inaccur-
acies in reporting and grading AEs by different providers,”
each featuring only one reference.”>>’ Other threats
included challenges in the Digital Divide and Educational
Programs, the administrative effort required to achieve
high completion rates, potential cost concerns, and time
constraints, among others. These threats indicated the
potential barriers and challenges in the effective integration
and utilization of ePROs in clinical practice. The data is
shown in Table 1.
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Opportunities

Finally, the review also highlighted various opportunities
associated with ePROMs. The most prevalent opportunity
was “Addressing data security and technical skills con-
cerns,” cited in 20 studies (18.02%), indicating the recogni-
tion of these concerns as potential areas for improvement
and advancement,'$19-24:3439:47.50.60.66-68.71,74.76,8192,93,96
followed by “Opportunities for symptom management,
monitoring and detection” with 19 references (17.12%),
emphasizing the potential for technological advancements
to enhance symptom management and monitor-
ing,39-#H449.51.70.75-77.80.81.84.86-89.98-101 ;14 “Improved
communication” with 11 references (9.91%), reflecting the
recognition of enhanced communication as a valuable oppor-
tunity for better patient outcomes,'®->42%-32:44.51.59.79.80.85.87
The minimum counts within opportunities are attributed to
“Enhanced symptom detection and early integration of pal-
liative care,” “Expanding platforms to larger cohorts and
diverse clinical settings,” and “Integrating wearable devices
for digital phenotyping,” each with only one reference.”>’2
Other opportunities included improving quality of life,
improved patient engagement, potential economic gains,
opportunities for self-management and self-reporting, perso-
nalized care and information, increased willingness to use
ePRO among exposed patients, and opportunities for
improved patient outcomes, among others. These opportun-
ities emphasized the potential for ePROs to enhance patient
care, improve communication, and provide valuable insights
for clinical decision-making.

Discussion

Our systematic review examined the intricate landscape of
ePRO systems in cancer care, exploring their Advantages,
Disadvantages, Threats, and Opportunities. The variations
in counts within each category shed light on the diverse
focus areas within the literature, informing researchers
and practitioners about the depth of exploration in each
domain.

Advantages

According to our findings, we found several significant
advantages of ePRO systems in cancer care: “Improved
Quality of Life and Care,” “Real-time and Remote
Monitoring,” and “Effective Communication Between
Clinicians and Patients.” The most prominent advantage
identified was the “Improved Quality of Life and
Care”. !4 161831771 This finding is consistent with the
study by Gressel et al., which emphasized the prevalence
of web-based ePRO systems for long-term monitoring
and patient empowerment.'®" Similarly, Moradian et al.’s
exploration of an eHealth tool for capturing and analyzing
immune-related adverse events in cancer treatment’' and

Helissey et al.’s assessment of the effectiveness of elec-
tronic patient reporting outcomes in prostate cancer care
further contributed to understanding the benefits of ePRO
systems in cancer care.’* These findings align with the
broader literature, emphasizing the positive impact of
ePRO systems on the quality of life and symptom
management.

“Real-time and Remote Monitoring,” emerges as
another salient advantage,!+16-18:31:33.3436-39.43.44.47.49-
51.54,56.57.59.60.63.6466.70.72-83 oaroed as a crucial aspect
in our exploration of ePRO systems. This aligned with
our overarching objective of examining the broader applica-
tions of ePRO systems. Moreover, the studies by
Macanovic et al.,72 Holch et al.,73 Wickline et al.,37 and
Tang et al.>” provided valuable perspectives into the advan-
tages of ePRO systems in cancer care. Macanovic et al.
investigated the implementation of a remote patient moni-
toring system using an ePRO platform in a tertiary cancer
center, highlighting the potential for improved symptom
management and high compliance rates with weekly
symptom assessments.”> Holch et al. focused on the elec-
tronic patient self-Reporting of Adverse-events: Patient
Information and aDvice (eRAPID) system, which aimed
to improve the monitoring and management of symptoms
in patients with prostate, lower gastrointestinal, and gyne-
cological cancers.”® Wickline et al. examined the usability
and acceptability of the electronic self-assessment and
care (eSAC) program in advanced ovarian cancer, empha-
sizing the importance of real-time feedback for symptom
management and the potential for early integration of pallia-
tive care.”” and Tang et al. implemented symptom manage-
ment follow-up using an ePRO platform in outpatients with
advanced cancer, demonstrating the feasibility of incorpor-
ating daily app-based ePRO surveillance for patients under-
going radiotherapy’> which led to increased reporting of
cancer-specific symptom burden and significantly
improved several domains of patient satisfaction.

“Effective Communication Between Clinicians and

Patients,” emerged as a critical advan-
3 _ .

tage, 13:2425.374447.50.51.57.59.63.66.67.72.79.80.85-89 nhancing

collaboration and improving patient understanding.

Additionally, the studies by Brant et al.,*” Zylla et al.,*
and Peltola et al.*’ contributed to our discussion on effect-
ive communication between clinicians and patients through
ePRO systems. Brant et al.’s study on patient and provider
use of electronic care plans generated from patient-reported
outcomes demonstrated improved confidence when asking
patients to complete assessments and describing the assess-
ment tool,®” Zylla et al.’s exploration of the collection of
electronic patient-reported symptoms in patients with
advanced cancer using Epic MyChart surveys highlighted
the potential benefits of ePROs in improving patient-doctor
interaction through feedback on reported symptoms.®
Peltola et al.’s study on a novel digital patient-reported
outcome platform (Noona) for clinical use in patients with
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cancer assessed suitability, demonstrating improved sur-
vival rates, enhanced quality of life, decreased anxiety
levels, better physical health status, increased adherence
to therapy, fewer visits to the emergency room, reduced
hospital admissions, improved patient self-belief and confi-
dence, and collaborative and personalized cancer care.*’
These studies showed the pivotal role of ePRO systems in
improving patient outcomes, enhancing symptom manage-
ment, and improving collaboration between clinicians and
patients. The findings from these studies align with the
broader literature, emphasizing the consistent and favorable
outcomes associated with the incorporation of ePRO
systems in cancer care.

The identification of limited references associated with
“Broader Healthcare Integration with EPR Systems” and
“Beyond Cancer Treatment with Electronic Health
Platforms,” served as a critical signal prompting further
exploration in the academic study.**®*! Each reference,
confined to a single citation, directed scholarly attention
toward specific areas that merited more comprehensive
investigation.

This insight indicated the imperative to broaden the
scope of ePRO systems, contributing substantively to the
theoretical underpinnings within the domain of digital
health platforms. This discernment was particularly
evident in studies such as Richards et al.’s pilot investiga-
tion on real-time electronic symptom monitoring for post-
surgery patients®’ and Helissey et al.’s study on the
effectiveness of electronic patient reporting outcomes in
prostate cancer care.>* The singular reference in each
study accentuated less-explored facets, thereby signaling
the potential for future academic research to advance the
integration of ePRO systems into broader healthcare con-
texts, transcending the confines of cancer treatment. It is
suggested that more studies on the effect of ePRO
systems on broader healthcare integration and beyond
cancer treatment be conducted experimentally.

Disadvantages

The systematic review revealed several challenges asso-
ciated with ePRO systems in cancer care, with “Small
sample size,” “Technical issues,” and “Potential bias”
being the most common drawbacks. “Small sample size”
was the most frequently  mentioned  chal-
Jenge, 1117:33:34:38.47.54.56.58.63.65.70.72.74.83.85.87.90.91 This
finding aligned with broader challenges in research method-
ologies and emphasized the need for innovative approaches
to surmount limitations and enhance generalizability.
Doolin et al. implemented ePRO for patients with new
oral chemotherapy prescriptions at both an academic site
and a community site. The study’s small sample size and
the lack of random allocation in the comparison group
limited the ability to control for confounding factors.'’
Howell et al. implemented personalized symptom

management through a quality improvement collaborative
that focused on the implementation of PROs in real-world
oncology multisite practices.”’ These studies, each with
its specific focus, contributed to the broader understanding
of challenges and solutions associated with ePRO systems
in cancer care and are consistent with our goal of study.

“Technical issues” were identified as a significant disad-
vantage in ePRO systems,!8:19243439:47.50.60.66-68.74.76.81.92.93
This indicated the challenges posed by technology in the
implementation of electronic health platforms. The findings
resonated with the broader literature, emphasizing the need
for robust technological solutions and supporting the over-
arching goal of identifying challenges in the implementation
of ePRO systems to examine studies on technological
enhancements for the advancement of digital health plat-
forms. Similarly, Judge et al. identified the implementation
issues and evaluated the efficacy of an electronic patient self-
reporting pain device in community-based cancer clinics.
They found the staff resistance to change and technical inte-
gration issues with electronic medical records.”® combined
with Dronkers et al.’s evaluated the implementation of an
ePROs system, in the routine care of head and neck cancer
patients. In their study a sustainable technical environment
was essential and also organizational and workplace adjust-
ments were needed.'® These studies discussed the technical
challenges and potential solutions in the implementation of
ePRO systems within the context of cancer care.

“Potential bias” emerged as a notable disadvantage,
highlighting the need for researchers to address and miti-
gate bias in participant selection,'¢-2240:41:43.57.65.74.85.94.95
This indicated the critical need for researchers to address
and mitigate participant selection bias, aligning with a
broader emphasis on enhancing the reliability and validity
of study findings. The findings contributed substantially
to a comprehensive understanding of biases in ePRO
studies, aligning with the overarching goal of thoroughly
exploring drawbacks and providing insights for refining
study designs. Girgis et al. evaluated the effectiveness of
the PROMPT-Care web-based system in a diverse popula-
tion of cancer patients by reducing emergency department
presentations; In their study, the response rate was low, pos-
sibly contributing to recruitment bias.”” and Patt et al. eval-
uated the impact of ePROs on adverse events and total cost
of care among patients with metastatic cancer and they
found the potential bias due to differences in intervention
and control groups'® each added unique perspectives, con-
sidering the potential biases and refinements in ePRO
system studies in cancer care.

In contrast, several factors such as “Ongoing mainten-
ance requirements,” “Unplanned subgroup analysis and
potential confounders,” “Nonexposed patients have reser-
vations about ePRO,” “Accessibility issues for blind
patients,” and “Lack of prior technology use” were each
mentioned only once, where challenges were identified
but may necessitate further exploration.’'"°*** These
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findings indicated the importance of targeted research in
these specific domains, aligning to identify less-explored
areas within the study on novel challenges in the implemen-
tation of ePRO systems. The studies by Niska et al.’” and
Hartkopf et al.,%” each focusing on ePRO in head-and-neck
cancer radiotherapy and adjuvant/metastatic breast cancer
patients, contributed significant insights to the broader
understanding of challenges associated with ePRO
systems, emphasizing the need for continued exploration
and focused research in the identified areas.

The analysis of these findings showed that a small
sample size was consistently mentioned as a challenge
across various studies. However, technical issues were
also prevalent, indicating that robust technological solu-
tions are needed to address these challenges. Additionally,
potential selection bias was highlighted as an important
consideration, emphasizing the need for researchers to
address and mitigate participant selection bias. Further
research is recommended to address these challenges,
including innovative approaches to surmount limitations
related to small sample sizes, robust technological solutions
to address technical issues, and targeted research to explore
less-explored areas within the literature.

Threats

Our study identified several significant threats in ePRO
systems, with the most prevalent being challenges in “data
security and technical skills” and “Integration.” Data security
threats | 819:24:34.39.47.50.60.66-68.71.74.7681.929396 " .PR()
systems include potential breaches, unauthorized access,
and data loss. To address these threats, robust security mea-
sures such as encryption, access controls, and regular secur-
ity audits are essential.®***%” On the other hand, technical
skills and training are low, which poses a significant chal-
lenge. The lack of experts and technical training can hinder
the effective implementation and management of ePRO
systems.'”? Perspectives from various studies collectively
highlighted the understanding of these challenges and poten-
tial solutions in the realm of ePRO systems. Gabrielle et al.
adopted a remote symptom monitoring intervention devel-
oped in research settings for implementation in real-world
clinical settings at two cancer centers and they found chal-
lenges related to the technology platform and workflow
were encountered during the Zhang et al.*’, followed by
patient-reported health status changes over time in Chinese
advanced cancer patients and explore the risk factors affect-
ing their health status. They found potential technical issues
with the ePRO system, and data security concerns’* and
Nordhausen et al. evaluated the implementation of ePRO
in inpatient radiation oncology. They found Technical and
organizational issues, such as Wi-Fi problems and interrup-
tions in assessment completion. Moreover, Staff turnover
and time constraints were barriers to implementation. Also,
Challenges in making the collected data actionable within

the clinical workflow and motivating clinical staff to use
the results.”® These studies focusing on the adaptation of
remote symptom monitoring, changes in patient-reported
health status in advanced cancer patients, and the implemen-
tation of electronic assessment of patient-reported outcomes
in inpatient radiation oncology, respectively, consider the
understanding of challenges and solutions in the concept of
ePRO systems in cancer.

One of the known threats in the review study was
“system integrity.” Despite this, few studies have paid
attention to this issue,>>?%99:83:93.9798 Qugtem integrity
is considered a threat because it refers to the trustworthiness
and reliability of the system. For instance, if the system is
compromised, it can lead to inaccurate data collection and
reporting, which can significantly impact patient care and
decision-making.’>’® The findings resonated with over-
arching complexities in health system integration, high-
lighting the need for strategic planning and collaboration
to address these hurdles effectively. Our research signifi-
cantly contributed to the broader literature on integration
challenges, aligning with our primary goal of comprehend-
ing and addressing potential threats to the successful imple-
mentation of ePRO systems. Several studies on ‘“system
integrity” have addressed the challenges of the ePRO
system. For example, Sandhu et al. found Limited adoption
due to integration regarding the incorporation of ePROs
into routine cancer care at an academic center’> and Biran
et al. evaluated the acceptability and appropriateness of
an ePRO intervention for patients with relapsed and refrac-
tory multiple myeloma and explored the lack of data inte-
gration into clinic workflow, highlighting the challenges
and opportunities in the real-world implementation of
ePRO systems.”®

The examination of threats within ePRO systems
revealed minimal counts associated with specific chal-
lenges: “Limited availability of tablets for PROMs,”
“Potential loss of symptom nuances due to scaling,” and
“Potential inaccuracies in reporting and grading Adverse
Events by different providers,” each supported by only
one reference”’ These findings indicated identified chal-
lenges that necessitated further exploration for the develop-
ment of targeted solutions. The research contributed to the
identification of less-explored threats, aligning with the
objective of pinpointing areas for subsequent research and
improvement in the landscape of ePRO systems.
Furthermore, Warnecke et al. compared the information
provided by ePROMs and nurse-reported assessments to
identify overlaps and differences in the assessment of
current symptom burden among oncological inpatients.?
and Niska et al. assessed changes in quality of life and
adverse events during radiotherapy for head-and-neck
cancer using electronic patient-reported quality-of-life
data. They found Potential for inaccuracies in adverse
event reporting and grading by different providers.”’
These findings identified challenges that necessitated
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further exploration for the development of targeted solu-
tions. Furthermore, studies provided valuable real-world
insights, providing practical perspectives on challenges
and potential solutions within the ePRO landscape.

In summary, while data security and technical skills are
the most prevalent threats in eéPRO systems, it is crucial to
address system integrity to ensure the trustworthiness of the
data collected. Robust security measures and ongoing tech-
nical training are essential to mitigate these threats and
ensure the effective implementation and management of
ePRO systems.

Opportunities

Our study identified several significant opportunities in
ePRO systems, with the most prevalent being opportunities
in “Addressing data security and technical skills concerns,”
“Opportunities for symptom management, monitoring, and
detection” and “Improved communication.”

“Addressing data security and technical skills concerns”
emerged as a prominent opportunity,'#19-24-34.39:47.50.60.66-
08.71.74.76.81.92.93.96  This highlighted the recognition of
these concerns as potential areas for improvement and
advancement in the implementation of ePRO systems.
The findings aligned with the broader literature, emphasiz-
ing the need to address data security concerns and enhance
technical skills in the deployment of digital health plat-
forms. Studies by Graf et al. analyzed the acceptance and
evaluation of a tablet-based ePRO app for breast cancer
patients and found the Potential for improving health
care.'® and Duregger et al. developed a concept and imple-
mented a prototype for introducing ePRO into the existing
neuroblastoma research network and the data quality,
patient engagement, and remote monitoring were
improved.®® These studies provided practical insights into
enhancing data security and technical skills within the
ePRO landscape.

“Opportunities for symptom management, monitoring,
and detection,394449.51.70.75-77.80.81.84.86-89.98-101 g o
sizing the potential for technological advancements to
enhance patient care. Our findings examined the realm of
technological progress that holds the promise of signifi-
cantly elevating standards in patient care. This exploration
seamlessly aligned with our overarching objective of com-
prehensively understanding the diverse and impactful
opportunities presented by ePRO systems. Notably,
studies conducted by Lee et al. identified factors associated
with the adoption and compliance of ePROM among cancer
patients in a real-world setting and they found the opportun-
ity to improve patient-doctor interaction through feedback
on reported symptoms’® and Daly et al. assessed the clinical
value of daily ePROs for cancer patients undergoing anti-
neoplastic treatment and they found the potential for
improved virtual supportive care delivery and optimized
remote symptom monitoring.”” These studies provided

significant perspectives that further enriched the ongoing
academic study on strategically leveraging ePRO systems
to enhance symptom management and, consequently,
raise the overall quality of patient care in clinical settings.

“Improved communication,” underlining the recognition
of enhanced communication as a valuable opportunity for
improved patient outcomes,'824-23:32:44:51.59.79.80.85.87
consistency aligns with the emphasis on effective commu-
nication between clinicians and patients as a critical advan-
tage. Our findings resonated with the broader literature,
highlighting the significance of communication in cancer
care. Studies by Mohseni et al. developed a smartphone-
based app for electronic reporting of outcomes by patients
with prostate cancer and they found improvements in
Reporting complications and side effects, communication
between patients and specialists®® and Lapen et al. devel-
oped a remote system for toxicity assessment and manage-
ment of acute breast radiation side effects using ePROs and
they found enhancement in patient-clinician communica-
tion.” These studies contributed valuable insights, reinfor-
cing the academic studies on leveraging ePRO systems for
improved communication and, consequently, enhancing
patient outcomes in the realm of cancer care.

In our exploration of ePRO systems, we discovered sig-
nificant opportunities, with three areas displaying minimal
counts yet harboring significant potential: “Enhanced
symptom detection and early integration of palliative
care,” “Expanding platforms to larger cohorts and diverse
clinical settings,” and “Integrating wearable devices for
digital phenotyping,” each substantiated by a single refer-
ence.”>’? These realms, though less explored, present
untapped possibilities for further research and innovation,
aiming to elevate cancer care. Our findings not only contrib-
ute to identifying overlooked opportunities but align seam-
lessly with our overarching goal of pinpointing areas for
future investigation and advancement. Warnecke et al.
found enhancement in symptom detection, improved com-
munication, and early integration of palliative care® and
Macanovic et al. found opportunities for expanding the
platform to a larger cohort and other clinical settings and
integration of wearable devices for digital phenotyping.’?
These studies provided valuable perspectives on optimizing
cancer care through innovative approaches within ePRO
systems.

In future research, it is suggested to integrate the ePRO
system with the electronic health record to improve the
quality and cost-effectiveness of cancer care. This integra-
tion can result in avoiding repeated activities, promoting
care coordination, and improving communication between
healthcare providers across care settings. A protocol for
guidance and action should be developed to ensure the suc-
cessful implementation of this integration. Additionally,
future studies should examine the impact of ePRO interven-
tion in conjunction with other technologies such as artificial
intelligence and wearables. It is also recommended to
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include other types of papers such as opinion pieces, editor-
ials, viewpoints, and publications in languages other than
English to provide a more comprehensive overview of all
studies and all cancers around the world. Finally, it is essen-
tial to evaluate the financial and clinical impact of ePRO
systems frequently to ensure their effectiveness in deliver-
ing patient care and promoting information systems.

Implications

Our study had several strengths. Firstly, by providing a
comprehensive overview of the advantages, disadvantages,
threats, and opportunities associated with ePRO systems,
our study serves as a springboard for future research endea-
vors. This groundwork facilitates targeted investigations to
address knowledge gaps and refine implementation strat-
egies to maximize the potential benefits for patients and
healthcare providers.

Furthermore, recognizing the pivotal role of ePRO
systems in healthcare organizations highlights the impera-
tive for concerted efforts to seamlessly integrate these tech-
nologies into clinical practice. As facilitators of timely
information access, care coordination, and communication
among healthcare stakeholders, prioritizing the adoption
and optimization of ePRO platforms can significantly
enhance the delivery of cancer care.

Additionally, the emphasis on evaluating the impact of
ePRO on quality and cost-effectiveness underscores the
importance of evidence-based decision-making in health-
care. By assessing the efficacy of ePRO implementation
in improving patient outcomes and optimizing resource util-
ization, healthcare organizations can make informed
choices regarding technology adoption and investment,
thereby enhancing overall healthcare value.

Moreover, the actionable guidance provided for man-
agers and policymakers enables more effective planning
and implementation of ePRO initiatives. Leveraging these
insights to inform strategic decision-making processes
facilitates streamlined implementation efforts, resource
allocation, and the resolution of potential adoption barriers,
accelerating the integration of ePRO systems into routine
clinical practice.

Lastly, identifying opportunities for improvement in
ePRO implementation emphasizes the need for ongoing
innovation and collaboration. Focusing on enhancing
symptom management, patient empowerment, and patient-
doctor communication improves continuous improvement
in ePRO platforms, ensuring they remain responsive to
the evolving needs and preferences of cancer patients and
healthcare providers.

Limitation

This review study had several limitations that provide valu-
able insights for future research. First, due to time

constraints, we surveyed published papers on three main
databases. Therefore, this study can be a landscape for pro-
spective studies. Second, in this review, the impact of ePRO
intervention was included, but documents related to other
technologies such as artificial intelligence, and wearable
technologies were not examined in this research. Third,
we excluded other types of papers such as reports, brief
reports, books, textbooks, thesis and dissertation, editorials,
letters perspective articles, symposiums, posters, brief com-
munications, and unpublished working papers. Fourth, the
study did not include types of reviews such as systematic
reviews and Fifth, we excluded publications in languages
other than English. These limitations suggest the need for
future studies to provide a more comprehensive and inclu-
sive analysis of ePRO systems in cancer care.

Conclusions

In conclusion, our systematic review provided a compre-
hensive analysis of the advantages, disadvantages, oppor-
tunities, and threats of ePRO systems in cancer care. The
study discovers the diverse focus areas within the literature,
informing researchers and practitioners about the depth of
exploration in each domain. The advantages of ePRO
systems, such as improved quality of life and care, real-time
monitoring, and effective communication, aligned with the
broader landscape of studies emphasizing the positive
impact of technology in cancer care. However, the disad-
vantages and threats indicated the challenges that need to
be addressed for the successful implementation of ePRO
systems, including small sample sizes, technical issues,
data security concerns, and integration challenges. The
opportunities highlighted areas for improvement and innov-
ation in cancer care, such as addressing data security con-
cerns and enhancing symptom management.

While our review offers valuable insights, it is not
without limitations. The restriction to published papers on
three main databases due to time constraints suggests the
need for broader exploration in future studies.
Additionally, our focus solely on ePRO interventions
excludes consideration of other pertinent technologies like
artificial intelligence and wearables, highlighting avenues
for further investigation. Furthermore, the exclusion of
certain types of papers and non-English publications may
have limited the scope of our analysis, emphasizing the
importance of inclusivity in future research -efforts.
Moving forward, we recommend integrating ePRO
systems with electronic health records to optimize cancer
care delivery, exploring combined interventions with emer-
ging technologies, broadening the scope of literature
review, and continuously evaluating the financial and clin-
ical implications of ePRO systems. By addressing these
recommendations, future research can enhance our under-
standing of ePRO systems’ role in cancer care and inform
strategies for improving patient outcomes. Our study
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contributes to the dynamic landscape of cancer care and
research, emphasizing the need for continued exploration
and innovation in leveraging electronic health platforms
for the benefit of cancer patients.
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