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Development and pilot study of “Smart @
Cancer Care": a platform for managing side
effects of chemotherapy
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Abstract

Background As outpatient chemotherapy treatment increases, cancer patients receiving chemotherapy spend more
time at home. In addition, since the types of chemotherapy are gradually expanding, it will be essential to prepare
patient self-management strategies for various chemotherapy-related side effects. This study aimed to develop a
platform (called Smart Cancer Care) to implement a chemotherapy side effect management program and to evaluate
its feasibility.

Methods Smart Cancer Care comprises an application for patients and a dashboard for medical staff. Thirty-two
symptoms to be managed using Smart Cancer Care were summarized through a literature review and Delphi.
Management guidelines were developed based on the severity of each symptom (3 stages), and installed in Smart
Cancer Care according to the Common Terminology Criteria for Adverse Events (CTCAE) v5.0 guidelines. To evaluate
the feasibility of the developed application and medical dashboard, cancer patients and cancer treatment medical
staff used Smart Cancer Care for 2 to 3 weeks and subsequently reported the experience of using them.

Results The patient application provided a list of symptoms according to the cancer type and anticancer drug
enabling presence and severity of each symptom to be evaluated. Patients received management guidelines for
symptoms based on the symptom evaluation results. On the medical staff dashboard, administrators and authorized
medical personnel could access and assess information regarding side effects and symptom severity submitted by
the patient. The feasibility and usefulness of Smart Cancer Care were confirmed through a pilot test targeting 30
patients and 24 chemotherapy-related medical staff. For patients, the evaluation score for the “The program will be
helpful when seeing medical staff”item was the highest. For medical staff, the score for the "By checking the patient’s
symptoms using the program, it helps to take appropriate measures for the patient”item was the highest. Although
minor corrections were raised, most patients and medical staff expected that Smart Cancer Care would help their
treatment.
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Conclusions The configuration of the application and dashboard of Smart Cancer Care detailed in this study could
be used for the development of a widely accepted platform to implement a chemotherapy side effect management

program.

Keywords Drug therapy, Mobile Applications, Neoplasms, Drug-related side Effects and adverse reactions

Background

Cancer patients experience an average of 14 symptoms
caused by cancer and side effects of chemotherapy,
which lead to difficulties in activities of daily life [1].
Since patients spend most of their time at home follow-
ing chemotherapy, it is essential to evaluate and manage
side effects and symptoms at home [1, 2]. Patients who
received chemotherapy were about 20%p more likely to
visit the emergency room and be hospitalized due to side
effects compared to patients who did not [3]. Another
previous study revealed that cancer patients who visited
the emergency room due to side effects of cancer treat-
ment, visited the emergency room on average 9.5 days
after administration of the anticancer drug, and 72.8%
of the patients who visited the emergency room were
admitted for treatment, of which 6.5% died [4]. There-
fore, it is crucial to detect and manage side effects in can-
cer patients in a timely manner.

The frequency of reported symptoms is higher when
patients self-evaluate side effects due to cancer treat-
ment compared to that of clinician evaluation [5]. There-
fore, because symptom evaluation by medical staff is
underestimated, it may be more appropriate to use
patient-reported outcomes (PRO), using standardized
questionnaires to evaluate symptoms accurately, whereby
patients directly evaluate their health conditions without
interpretation by medical staff or a third party [5]. Pre-
vious studies revealed that using PRO in patients under-
going cancer treatment aids in early symptom detection
[6-9]. Specifically, monitoring symptoms to determine
changes over time, improves quality of life, and enhances
patient satisfaction by facilitating communication
between patients and medical staff. In particular, using
electronic PRO to treat cancer patients has been useful as
the risk of COVID-19 infection led to restrictions on the
use of medical institutions [10].

This study aimed to introduce “Smart Cancer Care,” a
platform established to implement a management pro-
gram for side effects due to chemotherapy in Republic
of Korea (hereinafter Korea). Specifically, we presented
how the patient application and the dashboard for medi-
cal staff, the two elements that make up Smart Cancer
Care, were developed and configured, and how PRO was
applied to them. In addition, the developed Smart Can-
cer Care was tested for cancer patients and medical staff
(physicians and nurses) to evaluate its availability and
usefulness.

Methods

Setting and participants

Smart Cancer Care targeted gastric, colorectal, lung, and
breast cancers, which are common in Korea. In addition,
anticancer drugs were classified into cytotoxic chemo-
therapy, targeted therapy, immunotherapy, and endo-
crine therapy.

Monitoring symptoms and management guidelines

First, we reviewed the literature introducing tools (elec-
tronic PRO) for measuring the main symptoms that may
occur during cancer treatment [11]. Symptoms (adverse
drug events) that may occur in more than 1% of cancer
patients when anticancer drugs are administered were
then summarized. By combining these, the symptoms to
be monitored for each anticancer drug were listed. The
priority of symptoms to be monitored was selected using
Delphi and an anticancer treatment expert. More details
about Delphi are described in Supplemental file 1.

Based on the Delphi results and the existing litera-
ture review, a total of 32 symptoms to be managed in
Smart Cancer Care were summarized. Existing literature
reviewed for the development of management guidelines
for side effects due to anticancer drugs are as follows:
(1) Side Effects of Cancer Treatment (National Cancer
Institute) [12], (2) ESMO Clinical Practice Guidelines:
Supportive and Palliative Care [13], (3) Supportive Care;
NCCN Clinical Practice Guidelines in Oncology (NCCN
Guidelines®) [14]. The symptom stages were divided into
stage 1 (preventive management), stage 2 (self-care), and
stage 3 (consultation with medical staff or medical insti-
tution visit) after consulting previous studies; the guide-
lines were developed accordingly [15, 16].

Subsequently, the guidelines were revised and supple-
mented with the advice of experts (a total of 36) who
were recommended by the palliative care division of the
Korean Cancer Study Group and the Korean Oncology
Nursing Society.

Platform development and evaluation of its feasibility and
usefulness

The Smart Cancer Care platform is largely divided into
two parts: First, an application for patients who can self-
evaluate symptoms according to the type of cancer and
administered anticancer drugs and refer to management
guidelines according to the results of the evaluation.
Second, a dashboard for medical staff that can check
the results entered by patients in real time. In order to



Sin et al. BMC Health Services Research (2023) 23:922

evaluate the availability of the developed application for
patients and the dashboard for medical staff, Smart Can-
cer Care was used for 2 to 3 weeks by cancer patients and
medical staff involved in cancer treatment. Their expe-
rience using the platform was investigated. Referring to
the feasibility survey items used in the previous study
that attempted to evaluate the quality of life of cancer
survivors using a wireless touch screen tablet personal
computer [17], a survey questionnaire was developed to
quantitatively evaluate the feasibility and usefulness of
Smart Cancer Care regarding cognitive, psychological,
written, and social aspects (a total of 12 items). The ques-
tionnaire also included open-ended questions to collect
suggestions for improving Smart Cancer Care. The feasi-
bility and usefulness was evaluated on a 5-point scale (0:
Strongly disagree, 1: Disagree, 2: Neither agree nor dis-
agree, 3: Agree, 4: Strongly agree); higher scores indicate
greater usefulness, and negative questions were reverse-
scored. The full questionnaire for patients and medical
staff is attached as Supplemental file 2.

Results

Review of symptom monitoring and management
guidelines

The 32 major side effects due to chemotherapy to be
managed in Smart Cancer Care and the corresponding
management guidelines are presented in Supplemental
file 3.

Application for patients

The application for patients can be obtained by down-
loading “Smart Cancer Care” from the Play Store or App
Store. Once the application is installed, patients can sign
up as members by entering their name, patient number,
date of birth, sex and contact information (Fig. 1). Sub-
sequently, they could self-evaluate their symptoms by
entering medical information such as medical institution,
diagnosis, type of anticancer drug, date of cancer treat-
ment, and attending physician. Patients are provided with
a list of symptoms to be evaluated according to the can-
cer type and the anticancer drugs, and allowed to evalu-
ate the presence and severity of each symptom (Fig. 2).
According to the symptom evaluation results, patients
are provided with management guidelines for symptoms,
which are classified into three stages as follows: Preven-
tive management (stage 1), self-care (stage 2), and con-
sultation with medical staff or medical institution visit
(stage 3). Upon completion of all symptom evaluations,
the overall symptom diagnosis results are presented. Full
information on the side effects due to chemotherapy is
available in a separate menu called Symptom Encyclope-
dia (Fig. 3).
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Dashboard for medical staff

The dashboard for medical staff enables administrators
and authorized medical staff to assess the side effects
and their severity entered by the patient. In particular,
the administrator can adjust the authority of medical
institutions and staff and set up another administrator
(Fig. 4). The administrator can also set the patient’s can-
cer type and treatment method accordingly and modify
the monitored symptoms and management guidelines.
The medical staff can check the status of the symptom
reports entered by the patients they treat, the anticancer
drugs being administered, and the dates of chemother-
apy administration (Fig. 5). In particular, nurses special-
izing in education can monitor this, encourage the use
of Smart Cancer Care, and conduct consultations with
patients to meet the various needs of patients. In addi-
tion, physicians can more accurately grasp the symptoms
that patients complain of during outpatient treatment,
helping them to form rapport with patients.

Evaluation of program feasibility and usefulness

A survey was conducted including 30 patients and 24
medical staff involved in cancer treatment to evalu-
ate the feasibility and usefulness of the program. The
demographic and sociological characteristics of the par-
ticipants are listed in Supplemental Tables 1 and 2. The
overall mean (standard deviation) scores for the feasi-
bility evaluation in patients and medical staff were 4.06
(0.50) and 3.99 (0.42), respectively (Table 1). For patients,
the evaluation score for the “The program will be helpful
when seeing medical staff” item was the highest (4.80),
and the scores for the items, “I would recommend using
this program for cancer patients around me” (4.77) and
“The program was generally easy to use” (4.38), were also
high. For medical staff, the score for the “By checking the
patient’s symptoms using the program, it helps to take
appropriate measures for the patient” item was the high-
est (4.89), and the scores for the items, “The program will
help care for patients” (4.27), and “I would feel comfort-
able if the patients use the program to manage their side
effect symptoms” (4.25), were also high.

The experience of using the program by patients and
medical staff collected using open-ended questions is
summarized in Table 2. Although patients generally eval-
uated the application as not difficult to use, some patients
found installing and logging into the application difficult.
Nevertheless, they expected the contents of the applica-
tion to be helpful in treatment. However, there was an
opinion that an alarm should be given so as not to forget
to evaluate the symptoms. The majority of medical staff
stated that the program was intuitive and would be use-
ful for patient care. However, they envision difficulties in
using the application with older patients, and it was sug-
gested that a program manual would be useful.
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Fig. 1 Log in and sign up for the Smart Cancer Care application

Discussion

In this study, we introduced Smart Cancer Care, an Infor-
mation and Communication Technology (ICT)-based
platform for managing side effects due to chemotherapy,
and evaluated its feasibility and usefulness. Smart Cancer
Care comprises an application for cancer patients that
enables patients undergoing chemotherapy to self-evalu-
ate side effects due to chemotherapy at home and receive
guidelines on symptom management, and a dashboard
for medical staff whereby they assess the side effects and
their severity entered by the patient in real-time. Patients
and medical staff found Smart Cancer Care useful in cog-
nitive, psychological, written, and social aspects. Based
on the results of this study that confirmed the feasibility
of Smart Cancer Care, it is expected that Smart Cancer
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< Registration

Personal Information

Name
Patient name

Patient Number
190628

Birth Date
19700203

Sex

Man or woman v

Phone

010- »#+* -3596

] =

Symptom
Encyclopedia

Home Self-Evaluation Calendar

Care would be a vital tool in implementing a manage-
ment program for symptoms due to chemotherapy in
cancer patients.

This study is meaningful because it detailed the devel-
opmental process and screen configuration of an ICT-
based platform to manage chemotherapy-related side
effects. Several studies investigated the management of
side effects due to chemotherapy using ICT-based plat-
forms [15, 18-23], but few studies identified how these
platforms were configured for the user’s convenience.
Although there is potential for ICT-based management
programs for chemotherapy side effects to improve
cancer treatment; the program will only be successful
when adoption and acceptance rates of ICT-based plat-
forms are high [20, 24]. The configuration of the Smart
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Fig. 2 Example of evaluation of the presence and severity of symptom

Cancer Care application and dashboard detailed in this
study can be used for developing a more widely accepted
platform. Moreover, it is expected to be a reference for
developing a symptom management platform after vari-
ous surgeries, procedures, and radiation therapy, as well
as chemotherapy.

Based on the experience of patients using Smart Can-
cer Care, it is believed that patients’ expectations for
Smart Cancer Care were high, and they considered the
application convenient. Specifically, cancer patients gen-
erally experience anxiety about the treatment itself [25,
26], but they anticipate that Smart Cancer Care can be
useful because being able to communicate with medi-
cal staff and report side effects could help reduce anxi-
ety about chemotherapy [19]. Improvements to Smart
Cancer Care to increase convenience to patients were
clearly identified. Simplifying the installation and login of
Smart Cancer Care is also necessary. Since many cancer
patients are older individuals, they are often not familiar
with ICT; efforts to address this challenge should be con-
tinued. In addition, since ICT cannot replace all medical
practices, having separate personnel to explain how to

install and operate the application initially would be one
way to overcome this problem.

The experience of medical staff using Smart Can-
cer Care was generally positive. It is known that when
the information provided through ICT interferes with
or aggravates existing medical services, acceptance of
the technology declines [27]. Moreover, utilization of
ICT-based platforms only increases when medical staff
perceive them to be of practical assistance in medical
treatment [28]. Smart Cancer Care obtained positive
feedback on these two aspects; that is, it is expected to
benefit patients while integrating with existing medical
practices. However, medical staff believe that it would be
difficult to utilize with older patients. It will be necessary
to prepare and distribute user manuals for applications
and dashboards in order to increase the convenience of
using Smart Cancer Care.

To improve utilization of Smart Cancer Care by medi-
cal staff, it is necessary to consider linking the data col-
lected from Smart Cancer Care with other medical
records. From the medical staff’s perspective, linking
the results regarding the reported chemotherapy-related
side effects to the existing electronic medical records or
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Patient name

Here are the full results
regarding symptom diagnosis:

Three items are identified as
severe (level 3). You may
need medical advice or an
emergency room Vvisit.

Symptom

| Item Stage 1 Stage 2 Stage 3  Encyclopedia

Stomatitis

Loss of appetite

Nausea @

' Vomiting Q

Heartburn

Constipation

Diarrhea
L
B B3
Home Self-Evaluation Calendar Symptom
Encyclopedia

Fig. 3 Symptom evaluation results and Symptom Encyclopedia

clinical information system will make the data easier to
review [16, 29]. This newly developed Smart Cancer Care
has a limitation in that the data entered into the appli-
cation can be identified through the dashboard linked to
the existing medical records, but the contents of other
medical records cannot be accessed through the dash-
board. The challenge of integrating and managing PRO
entered by patients at home with the information man-
agement system at the medical institution remains.

It is also significant that, to the authors knowledge,
this study is the first attempt to utilize an ICT-based
platform for the management of side effects of chemo-
therapy conducted in an Asian country. Several studies
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were previously conducted on managing chemotherapy-
related side effects, but almost all were in Western coun-
tries [15, 18-23]. Considering that unmet medical care
for cancer patients may differ depending on the sociocul-
tural background [30], the possibility that cancer patients’
expectations and participation in management programs
for side effects due to chemotherapy also vary based on
sociocultural factors cannot be excluded [31]. There-
fore, it is necessary to identify the points of improvement
while using the newly developed Smart Cancer Care for
patients with various socio-cultural backgrounds in the
medical field.
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Fig. 4 Administration mode in the medical staff dashboard

Smart Cancer Care

Programming by Team Leading Brain

Welcome @

Symptom Reports of Patient

Management
Functions Q
- Check the . Managing Cancer Symptoms:
self-diagnosis Patient name Period
result (List of Date
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Date Type of
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Fig.5 Patient information in the medical staff dashboard

A limitation of this study is that patients and medical
staff who participated in the feasibility evaluation for
Smart Cancer Care were recruited from a single medi-
cal institution located in Ulsan Metropolitan City, Korea.
Therefore, the number of participants in this study is lim-
ited. To evaluate the acceptability of Smart Cancer Care,
it is necessary to obtain feedback from medical staff and
cancer patients at various medical institutions in further

Anticancer Drugs Being Administered

Administration

Patient name (35 vears old, man, liver cancer, cytotoxic chemotherapy)

List of Symptoms
Etc

Anticancer Drugs Being Administered

Date - Treatment

specifics

Classification of

drug 20211220 treatment

Programming by Team Leading Brain, Rappee

studies. In particular, a follow-up study will be needed
on whether Smart Cancer Care can be used in patients
who are not accustomed to handling electronic devices,
such as the elderly. Furthermore, although Smart Cancer
Care monitors 32 typical side effects that patients may
experience from chemotherapy, the number of symp-
toms that patients may experience during chemotherapy
may exceed 32. In the future, while using Smart Cancer
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Evaluation Patient (n=30) Medical staff (n=24)
area Item Mean +Standard Item Mean + Stan-
Deviation dard Deviation
(Score range: (Score range:
0-4) 0-4)
Cognitive I was able to understand the purpose of the 3.97+1.02 I was able to understand the purpose of the 4.21£0.50
program appropriately. program appropriately.
Overall, it was difficult to understand the 3.73+1.06 Overall, it was difficult to understand the con- 321+1.12
contents of the program (reverse question). tents of the program (reverse question).
The program was generally easy to use. 438+1.11 The program was generally easy to use. 392+0.70
Psychological | feel uncomfortable entering my treatment 4.03+0.98 | feel uncomfortable to check patient-related 3.65+0.94
status into the program (reverse question). information through the program (inverse
question).
I would feel comfortable if | managed side  4.27+0.51 I would feel comfortable if the patients use the ~ 4.25+0.52
effects using the program program to manage their side effect symptoms
I would recommend using this program for  4.77+0.63 I would recommend using this program for the  3.77+0.61
cancer patients around me. medical staff around me.
Written The contents entered in the program reflect 3.81+0.77 Patient information available through the pro- ~ 3.96+0.66
my treatment status properly. gram is appropriate.
There are too many items to respond toin -~ 3.46+0.91 By checking the symptoms of the patient 4.89+0.55
the program’s questionnaire. through the program, it helps to take appropri-
ate measures for the patients.
I need help from someone else to use the ~ 3.10+1.08 Additional functions are required to use the 3.69+083
program. program.
Social The use of a management program for side  4.31+0.80 The program will reduce the overall burden of ~ 4.25+057
effect symptoms will reduce hospital visits. managing side effect symptoms on patients.
The program will be helpful when seeing 4.80+0.45 The program will be helpful to care for patients.  4.27+0.43
medical staff.
I hope the program will be widely used. 4.04+0.53 I hope the program will be widely used. 381+055

The higher the score, the greater the usefulness of each area (0-4 points; Likert scale).

Table 2 Positive and negative experiences of patients and

medical staff using Smart Cancer Care

Patients

Medical staff

Positive ® [t was easy to use.

o | could proceed without
difficulty if I read the text of
the application carefully.

e | could see my status.

o It will help the medical
staff to treat patients.

o [t would be nice if my
side effects or changes
were delivered to the medi-
cal staff and reflected.

Negative ® [t was not easy to use.
e Log inis not working
properly.

o The installation process
was a little complicated.
® There are cases when |
forget to do.

e |t is hard to do it alone.
® [t is easy to use but too
simple.

@ The icons for each list are
easy to recognize.

® [t is similar to the app | use
often and is intuitive.

o [t will be helpful to see the
patient’s condition change
and side effects at a glance.
o [t will be helpful for
patients in the early stages
of starting cancer treatment.
o From the patient’s point
of view, it would have an ef-
fect on reducing emotional
instability.

® | wish there were a user
manual for the application
and dashboard.

o |t is difficult for patients to
enter personal information
when they first start.

e It ishard to log in.

@ From the nurse’s perspec-
tive, it does not seem
necessary.

o |t seems complicated for
older people to use.

Care in the field of care, it is necessary to check whether
there are additional symptoms that need to be monitored
within Smart Cancer Care.

Conclusion

In this study, we developed Smart Cancer Care, an ICT-
based platform for managing side effects due to che-
motherapy, and evaluated its feasibility. Although more
experience in using Smart Cancer Care may need to be
accumulated, we determined that at least Smart Cancer
Care would be feasible and useful through this study.
As outpatient chemotherapy treatment increases, can-
cer patients receiving chemotherapy spend more time at
home. In addition, since the types of chemotherapy are
gradually expanding, it will be essential to prepare patient
self-management strategies for various chemotherapy-
related side effects. In the future, it is necessary to imple-
ment a management program for side effects due to
chemotherapy in Korea using Smart Cancer Care while
investing appropriate personnel and budget and evaluate
its effectiveness. Furthermore, it is necessary to expand
symptom management programs for patients undergoing
cancer surgery as well as chemotherapy.
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