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Abstract 
Purpose: This randomized controlled trial (RCT) protocol was designed to 
evaluate the effectiveness of the Cancer Pain Monitoring System (CAPAMOS), 
a telenursing system designed to alleviate pain in ambulatory patients with 
advanced cancer. Methods: The study design involved a randomized controlled 
trial consisting of an intervention group using CAPAMOS and a control group 
that received usual care. At the time of enrollment, both groups will be given 
a questionnaire regarding issues, such as concerns related to cancer pain and 
self-management of opioid medication. Patients will then receive pain relief 
education based on the results of the questionnaire. Subjects in the control 
group will receive a pain diary and pain-relief pamphlet that acts as an educa-
tional tool. They could also call the outpatient clinic if they wanted to ask for 
a nursing consultation. The intervention group will be able to use CAPAMOS 
to manage their pain and receive video consultation with a telenurse, who is 
an oncology nursing specialist. Educational tools will be built into CAPAMOS. 
The study will be conducted for one month. The primary endpoint of this 
study was to calculate the Japanese Brief Pain Inventory score. The secondary 
endpoints were to assess the opioid medication self-management, Barriers 
Questionnaire, Japanese EuroQol 5-dimensions 5-level, and economic evalu-
ation. Assessment items will be evaluated at registration and 2 and 4 weeks 
after registration. Conclusions: A RCT based on this protocol is expected to 
validate the efficacy of telenursing using CAPAMOS in patients with advanced 
cancer and pain. 
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1. Introduction 

Approximately 60% of outpatients with advanced cancer experience pain, and of 
those, approximately 20% undergo moderate-to-severe pain [1]. Cancer-related 
pain becomes more complex as cancer progresses, resulting in deterioration in 
the quality of life (QOL). In Japan, with the advent of a super-aging society and 
increasing social security costs, early discharge from hospitals is being promoted 
[2], and the place of treatment for patients with advanced cancer is shifting from 
hospitals to homes. Patients may have difficulty coping with distressing symp-
toms that appear at home. 

We have previously investigated the relationship between self-management of 
cancer-related pain and pain in outpatients with advanced cancer and found that 
those who were unable to take their medication on time had a greater disruption 
in their life as a result of pain [3]. Medical professionals need to know more 
about the life situations in which patients are unable to take their medication on 
time. In addition, the presence of medical personnel, who can be consulted with-
out anxiety, is an important factor in pain relief for patients with advanced can-
cer at home [4]. In a society where early discharge from hospitals is being in-
creased, support of patients with advanced cancer at home is essential by pro-
viding follow-up by medical professionals. 

In recent years, the Japanese government has been promoting telemedicine to 
support medical care [5] [6] [7]. Information and communication technology is 
expected to be used for symptoms’ management of patients with advanced can-
cer, who spend their time at home. The benefits of telenursing to support outpa-
tient cancer patients include reduced pain and distress symptoms [8] [9] [10] [11], 
improved QOL [8], reduced psychiatric symptoms [10], fewer emergency visits 
[11], and improved survival [11] [12]. The support provided through telenursing 
includes patients receiving effective and up-to-date information about symp-
toms management, as well as facilities to report and monitor their symptoms on 
a daily basis with their healthcare providers. 

We developed the Cancer Pain Monitoring System (CAPAMOS) as a telenurs-
ing system to alleviate cancer pain. Patients can utilize the CAPAMOS to record 
pain and the administration of opioid medication daily to better understand 
their pain fluctuations. Patients will then be able to obtain accurate information 
on pain relief from the system. Furthermore, patients are expected to receive 
early pain relief care as a result of monitoring by an oncology nursing specialist. 
In our previous study [13], we evaluated the use of the CAPAMOS. The purpose 
of this study was to investigate the efficacy of the CAPAMOS in reducing pain in 
outpatients with advanced cancer. 

2. Methods 
2.1. Conceptual Framework 

In this study, telenursing self-management support was based on the Tel-eNurse 
Practice Model (TNPM) and the model of symptom management (MSM), re-
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spectively.  
The framework of telenursing practice in this study was the TNPM, in which 

the telenurse provides comprehensive care and self-management information to 
patients based on personal, health, and nursing relationships. In addition, tele-
nurse collaborates with other professionals for health promotion and provides 
resources for health behavior changes [14] [15]. 

The framework for cancer pain relief was MSM, which consists of three inter-
related concepts: “symptom experience”, “management strategies” and “out-
comes of symptom management” [16]. A patient’s experience influences the 
strategies they adopt, and the outcomes of which affect their next experience. 

The educational tool in CAPAMOS provides knowledge about pain and opio-
ids as well as what to do when pain is not relieved. Therefore, patients could 
self-manage their pain. If pain is not relieved, the patient can consult a telenurse. 
If the pain level increases, the telenurse can check the patient’s physical condi-
tion and provide educational guidance on how to manage pain. 

2.2. Study Design 

This was a randomized controlled trial (Figure 1) and the primary endpoint was 
the degree of cancer-related pain at the end of a month. The sample size for this 
study was calculated based on previous studies [17], so that the two-sided level  
 

 
Figure 1. Participant recruitment and sample sizes. 
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of significance was fixed at 0.5, the power was set at 0.8, and a dropout rate of 
20% was considered. A sample size of 48 was selected, with 24 participants in 
each group.  

Patients will be assigned to an intervention group involving the use of CAPAMOS 
or a control group receiving usual care. At the time of enrollment, both groups 
will be given a questionnaire regarding issues, such as concerns related to cancer 
pain and opioid medication, and self-management of opioid medication. They 
will then receive pain relief education based on the results of the questionnaire. 
Subjects in the control group will receive a pain diary and pain-relief pamphlet 
that acts as an educational tool. They could also call the outpatient clinic if they 
wanted to ask for a nursing consultation. The intervention group will be able to 
use CAPAMOS to manage their pain and receive video consultation with a tele-
nurse. Educational tools were built into CAPAMOS. 

The study will be conducted between October 2019 and June 2025, with a 
one-month participation period for each subject. The research subjects were 
those who had received the research explanation from the researcher and signed 
the consent form. Data concerning the study variables will be collected at enroll-
ment, at two weeks, and four weeks after enrollment. Randomization assigns 
numbers in a 1:1 ratio to the order in which they are recruited using a random 
number table. Double-blinding cannot be implemented because of the medium 
used in the intervention. Depending on the distribution of CAPAMOS, patients 
can know whether to intervene. The healthcare provider can determine if this is 
an intervention because the results of the monitoring may be reported by the te-
lenurse. 

2.3. Content of Evaluation 

These are the evaluation variables for this study (Table 1).  
The primary endpoint of this study was the Japanese Brief Pain Inventory 

(BPI-J) short form [18]. Patients were asked to rate their pain (worst, least, av-
erage, and now) in the last 24 hours. The four categories associated with subjec-
tive pain were graded on an 11-point scale from “No pain (0 points)” to “Pain as 
bad as you can imagine (10 points)” such that the higher the score, the more se-
vere the pain. This study used the following aspects of pain: worst pain and av-
erage pain. Using the same type of 0 to 10 scale, patients were also asked to rate 
separately how their pain interfered with several life domains, including enjoy-
ment of life, activity, walking, mood, sleep, work, and relationships with others. 
Interference with daily life caused by pain was graded on an 11-point scale from 
“Does not interfere (0 points)” to “Completely interferes (10 points)”. The aver-
age score of the seven items was used to calculate the effect of pain on daily life; 
the higher the score, the more severe the effect of pain in their daily lives. Another 
BPI-J supplementary item was used to ask patients to rate the level of pain relief 
due to treatments or medications in the last 24 hours. This was graded on an 
11-point scale from “No Relief (0%)” to “Complete Relief (100%)”, with a higher 
percentage being an indication of better pain relief. 
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Table 1. Variables to be used in the study. 

Scales and  
Medical Records 

Subscales and variables 
At the time 
of survey 

the Japanese Brief Pain 
Inventory Short Form 

Worst pain 
Average pain 
Interference with daily life 
“In the last 24 hours, how much relief have pain 
treatments or medications provided?” 

Enrollment 
2 weeks 
4 weeks 

the Opioid 
Self-Management  
Scale for Advanced 
Cancer Patients 

Managing opioids and coping with pain 
Talking to healthcare providers 
Talking to family and friends 
Recording pain and opioid use 
Living with the disease 
Understanding pain characteristics 

Enrollment 
4 weeks 

the Japanese version  
of the Barriers  
Questionnaire 

Fatalism 
Addiction 
side effects 
Progression 
Tolerances 
distraction 

Enrollment 
4 weeks 

the Japanese version  
of the EQ-5D-5L 

Degree of mobility 
Self-care 
Usual activities 
Pain/Discomfort 
Anxiety/Distraction 

Enrollment 
4 weeks 

Medical records Items 

Age, sex, type of cancer, stage, past history, and 
treatment 

Enrollment 

Data on prescribed medications 
Status of consultation with specialists on pain relief 
Costs due to worsening 

Enrollment 
2 weeks 
4 weeks 

 
The secondary endpoint was the Opioid Self-Management Scale for Advanced 

Cancer Patients (OSSA). This scale was developed based on the self-management 
of opioid analgesics for cancer pain relief at home in patients with advanced 
cancer [4]. The scale consists of 33 items divided into six subscales: managing 
opioids and coping with pain, talking to healthcare providers, talking to family 
and friends, recording pain and opioid use, living with the disease, and under-
standing pain characteristics. A five-point scale from “No (0)” to “Yes (4)” was 
used to rate these items, with higher scores indicating better management skills. 

The third assessment scale was the Japanese version of the Barriers Question-
naire (BQ) [19]. The BQ consists of 21 items divided into six subscales: fatalism, 
addiction, side effects, progression, tolerances and distraction. The items are 
graded on a six-point scale from “not at all (0 points)” to “very much (5 points)”, 
with higher scores indicating stronger concerns. 

The fourth assessment scale was the Japanese version of the EQ-5D-5L [20], 
which consists of 25 items divided into five subscales: degree of mobility, self-care, 
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usual activities, pain/discomfort, and anxiety/distraction.  
Data on age, sex, cancer type and stage, medical history, and treatment history 

were collected from medical records at the time of enrollment. In addition, data 
on prescribed medications, status of consultation with specialists on pain relief, 
and costs due to worsening symptoms (number of emergency visits and hospita-
lizations, hospitalization costs, opportunity losses related to labor, and prescrip-
tion costs) will also be obtained for the study period. 

2.4. Participants 

Patients attending the outpatient departments of medical oncology, palliative 
medicine, breast surgery, and respiratory medicine at Tohoku University Hos-
pital were enrolled in this study. Patients’ eligibility criteria were as follows: 1) 
diagnosis of advanced cancer; 2) regular administration of opioids for cancer 
pain relief; 3) average pain ≥ 3 in 24 hours, as measured by the numerical rating 
scale (NRS); 4) survival rate of at least 1 month; 5) ≥20 years old; 6) notification 
of the disease name; 7) consent to participate. The exclusion criteria for the 
study were as follows: 1) regular use of opioids for purposes unrelated to cancer 
pain, such as dyspnea, and 2) physical, mental, or cognitive abilities that inter-
fere with participation in the study. 

The criteria for discontinuation of the research intervention were as follows: 
1) excessive mental burden on the subject, 2) adverse events, and 3) withdrawal 
of consent from the subject. 

2.5. Intervention Program: CAPAMOS 

CAPAMOS was developed by three oncology researchers: one oncology nurse 
specialist, one oncology pharmacotherapy specialist, and one palliative medicine 
specialist. The draft of the educational tool was prepared by an oncology nurse 
specialist, an oncology pharmacotherapy specialist, and a palliative medicine 
specialist. Based on the draft, the content and surface validity of the educational 
tool were evaluated by two oncology nurse specialists, three nurses who attended 
the end-of-life nursing education consortium-Japan (ELNEC-J), three nursing 
researchers, and four laypeople in their 30s, 40s, 50s, and 60s. Previous trials 
have demonstrated the usability of CAPAMOS, with its clear structure and relia-
ble content for patients [13]. 

Patients entered details of their daily medication and pain levels into CAPAMOS 
to manage their condition every day. When they feel unwell or need advice, they 
can consult a telenurse or learn about symptom management using educational 
tools. The structure of CAPAMOS (Figure 2) was based on the findings of pre-
vious studies [11] [17] [21]. The CAPAMOS consists of the following features: 1) 
“Cancer Pain and Pain Management Precautions”, which is an educational tool 
for cancer pain palliation; 2) “Medication Check”, in which medication status is 
entered; 3) “Physical Condition Check”, in which information about vital signs 
and the degree of pain is entered; 4) Changes in physical condition that can be 
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Figure 2. Components of CAPAMOS. 

 
checked through a graph; 5) “Contact Medical Care Provider”, which allows us-
ers to make video calls or send e-mails to a telenurse. 

When the patient’s level of pain or frequency of taking abortive medication is 
high, the patient’s system will follow up by sending an alert notification to the 
healthcare provider’s system. The flowchart for triggering alerts (Figure 3) was 
created by an oncology pharmacotherapy specialist, a palliative medicine spe-
cialist, and an oncology nurse specialist based on the National Comprehensive 
Cancer Network (NCCN) Guidelines (Ver 3.2019) for Adult Cancer Pain [22] 
and the Guidelines for Pharmacotherapy of Cancer Pain [23]. 

The values that trigger alert notifications are the patient’s average pain inten-
sity of NRS ≥ 7 and the frequency of rescue medication ≥ 5 times/day [24] [25]. 
The individual settings of the values that trigger alert notifications can be changed  
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Figure 3. Flowchart for responding to alerts. 

 
in consultation with the attending physician depending on the patient’s tighten-
ing and switching status. After alert activation is confirmed, the telenurse will 
conduct a holistic assessment of the patient’s physical, mental, social, and spiritual 
health via video calls. If the nurse discovers that the patient has an oncological 
emergency or is in a serious life-threatening situation, they will immediately re-
port it to the attending physician. If the patient’s pain is not relieved, the tele-
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nurse will assess the factors that lead to the failure of pain relief and report them 
to the physician. In addition, telenurse can suggest non-pharmacological meas-
ures, such as relaxation. If a patient’s compliance with opioid medication is poor, 
re-education can be provided, or psychological support can be given if chemical 
coping is suspected. Re-evaluation of care measures will be performed within 24 
- 72 h from the time the alert will be triggered. Pain will be considered to be re-
lieved when the patient’s personalized pain goal will be achieved or when the 
NRS will be reduced by two or more points. Thereafter, the patient’s condition 
will be monitored. 

2.6. DATA Analysis 

The primary endpoint of cancer pain and the secondary endpoints of OSSA, BQ, 
EQ-5D-5L, and economic evaluation will be assessed using ANOVA or the 
Kruskal–Wallis test. The paired t-test or Wilcoxon test will be used to analyze 
the pre- and post-test values of each group. Analyses will be performed using 
SPSS27.0 J for Windows (IBM, NY, USA).  

2.7. Ethical Considerations 

This study was approved by the Ethics Committee of Tohoku University Gradu-
ate School of Medicine (2020-1-194). This clinical trial was registered with Uni-
versity hospital Medical Information Network (UMIN Clinical Trials Registry 
ID: 000038334). The study will be conducted in accordance with the CONSORT 
2010 statement [26]. An internet protocol virtual private network (IP-VPN) with 
a firewall will be used to protect patients’ personal information during commu-
nication. The server uses a cloud-based interface that can only be used in a 
closed network. Conversations with the subject will be conducted in a private te-
lenurse monitoring center on campus to protect privacy. 

3. Discussion 

Telenursing with CAPAMOS will lead to the early detection of deteriorating 
pain, and patients will be able to stay at home avoiding unnecessary medical care 
providers. The system is equipped with an alert function to notify medical per-
sonnel about patients’ abnormalities and ensure early detection. Furthermore, an 
ingenious aspect of this study is the creation of a telenursing algorithm that will 
allow telenurse to take action when an alert is triggered. In telenursing, the 
TNPM component of “Assessment and Communication” is important, as it al-
lows the telenurse to gather the necessary information from the patient, deter-
mine the urgency, and act according to standardized guidelines [14] [15]. The 
algorithm developed in this study is based on the current guidelines [22] [23], 
ensuring standardized guideline-based practice. In addition, the “Evaluation of 
Outcomes”, a component of TNPM, aims to evaluate the results of the care im-
plemented and to repeat the care if the results were poor. 

Other elements of TNPM are the “Knowledge and Experience”, which refers 
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to quality care and social resources, “Client Resources” that contributes toward 
providing resources that will yield the best results for the subject. In addition, 
the “Mutual Decision-making” ensures that the telenurse and the subject mu-
tually discuss and make decisions together, and “Allocation of resource” helps in 
establishing a trusting relationship between the primary care provider and the 
subject [14] [15]. In this study, a certified nurse cancer specialist [27], who can 
fulfill these elements, will conduct telenursing to ensure quality. Accordingly, 
quality nursing care can be provided even at home, pain can be alleviated, and 
QOL can be maintained. 

In Japan, telemonitoring was covered by medical insurance in 2018 for pa-
tients who required home oxygen therapy or continuous positive airway pressure 
breathing therapy [28]. However, telemonitoring of the cancer-related symptoms 
and pain have not been covered by medical insurance yet. This can be because of 
the lack of cost-benefit validation studies on telenursing and the difficulty faced 
by registered nurses in managing the symptoms of patients, which become more 
complex as the disease progresses. If the findings of this study confirm that te-
lenursing is effective in relieving pain, it may be covered by medical insurance. 
CAPAMOS is a system that will be medically supervised by an oncology nurse 
specialist, an oncology pharmacotherapy specialist, and a palliative medicine 
specialist. Additionally, a certified nurse specialist in cancer nursing will be en-
gaged as a telenurse. For these two reasons, CAPAMOS is considered capable of 
managing increasingly complex symptoms. 

4. Conclusion 

The RCT is expected to validate the efficacy of telenursing using CAPAMOS in 
patients with advanced cancer that experience pain. 
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