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ABSTRACT
Introduction Despite the growing number of oral agents 
available for cancer treatment, their efficacy may be 
reduced due to the lack of adherence, inappropriate 
adverse event self-management and arbitrary dose 
adjustment. The management of anticancer therapies 
could exponentially benefit from the introduction of mobile 
health technologies in a highly integrated electronic 
oncology system.
Methods and analysis We plan to customise and fine-
tune an existing monitoring TreC platform used in different 
chronic diseases in the oncology setting. This project 
follows a multistep approach with two major purposes: 
1. participatory design techniques driven by Health 
Literacy and Patient Reported Outcomes principles in 
order to adapt the system to the oncology setting involving 
patients and healthcare providers; 2. a prospective 
training-validation, interventional, non-pharmacological, 
multicentre study on a series of consecutive patients with 
cancer (20 and 60 patients in the training and validation 
steps, respectively) in order to assess system capability, 
usability and acceptability. The novel Onco-TreC 2.0 is 
expected to contribute to improving the adherence and 
safety of cancer care, promoting patient empowerment 
and patient–doctor communication.
Ethics and dissemination Ethical approval was 
obtained from the Independent Ethics Committees of 
the participating institutions (CEIIAV protocol Number 
2549/2015; reference Number 1315-PU). Informed 
consent will be obtained from all study participants. 
Findings will be disseminated through peer-reviewed 
journals, conferences and event presentations.
Trial registration number  ClinicalTrials. gov 
(NCT02921724); (Pre-results). Other study ID Number: 
IRST100.18.

InTroducTIon
The use of oral chemotherapy or targeted 
therapy is growing in cancer care, leading to 
a major shift in the management of patients 

from directly observed intravenous therapy to 
self-administered home-based oral therapy, 
raising adherence and safety issues.1–5 Oral 
anticancer agents may produce side-effects 
which the patients will mostly self-manage 
from home. Although several studies showed 
that only 30%–50% of patients comply with 
drug prescriptions, a total of 16%–100% of 
patients adhere to oral anticancer agents.6 
Poor adherence leads to negative health 
outcomes, growing frequency of hospital 
admission, more complex medication plans 
and higher use of healthcare resources.7

The safety of home-based treatment is 
usually managed through different strategies: 
frequent medical visits, information book-
lets, patient-completed diaries and healthcare 
provider–patient phone contacts. Patient 
empowerment plays a key role in the self-man-
agement of therapies.8 9 The key points of 
empowerment include: information and 
communication between healthcare providers 
and patients to increase awareness of their 

Strengths and limitations of this study

 ► This multicentre study will be the first to have 
extended the TreC-platform-based monitoring 
system to the oncology setting (Onco-TreC).

 ► The Onco-TreC project is part of the European 
Innovation Partnership for Active and Healthy Ageing 
aiming to integrate mHealth tools in oncology.

 ► As this is a feasibility trial, it will not allow for 
definitive conclusions on the efficacy of the Onco-
TreC system.

 ► The restricted number of oral anticancer agents 
selected for this study might limit extrapolation of 
findings.
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health condition; knowledge of therapeutic programs and 
major drug interactions; competence in effective therapy 
management.

Patient-focused interventions acknowledge patients 
as active participants in the process of securing appro-
priate, effective, safe and responsive healthcare.10 To 
this aim, it is mandatory to move in the direction of a 
participatory and informed medicine, driven by Health 
Literacy and Patient Reported Outcomes principles.11 It 
is essential to form an alliance with patients by promoting 
effective communication, especially when their disease 
becomes chronic and affects them with comorbidities 
leading to the use of several concomitant medications.12 
There is evidence in the literature that good, patient-cen-
tred communication is associated with positive health 
outcomes.13 In this context, 2.0 web solutions such as tele-
medicine, mobile health devices and applications (apps) 
are useful to improve adherence to medication14 and 
to optimise shared management of oral agents between 
patient and healthcare providers.15–18

The Center for Communication and Information Tech-
nology of the Fondazione Bruno Kessler (FBK-ICT) of 
Trento has developed a non-patented monitoring system 
based on the TreC (CCC, Citizen Clinical Record) plat-
form to deliver mobile health services in different medical 
contexts.19 The monitoring system was tested in three 
pilot studies involving patients with chronic type 1 or 2 
diabetes, hypertension and youth asthma.20–22 A living 
laboratory approach in real-life setting was used to test 
different groups of patient empowerment and self-care 
and relevant interventions by doctors and nurses. A total 
of 43 patients were involved in a three-step evaluation 
process: technical testing with a small number of oper-
ators; qualitative evaluations based on a small sample of 
patients; validation in clinical trial. These studies showed 
that the system was well accepted by patients and consid-
ered useful by physicians. Patients appreciated the closer 
interaction with healthcare providers and considered the 
system a convenient way to reduce direct access to hospital 
by raising their perception of safety. Given the similar 
characteristics of the patients studied in other chronic 
conditions at home and those treated with oral anticancer 
agents, results of previous studies provided a rationale 
for developing the system in an oncology setting.23 This 
clinical protocol describes the experimental design for 
answering our research question and explain how the data 
were collected and analysed during the project. This study 
will be jointly conducted at three Italian cancer care and 
research units (RUs): Istituto Scientifico Romagnolo per 
lo Studio e la Cura dei Tumori (IRST) IRCCS in Meldola, 
Forlì and Cesena (RU1); Oncology Unit of the Azienda 
Provinciale per i Servizi Sanitari (APSS) in Trento (RU2); 
Oncology Unit of the Azienda Socio-Sanitaria Territoriale 
(ASST) Papa Giovanni XXIII in Bergamo (RU3). The 
Information Technology approach promoted by FBK-ICT 
will serve as the communication link among RUs.

At RU1, different healthcare providers (eg, physicians, 
nurses, pharmacists, psychologists) closely cooperate 

to improve healthcare system processes. The patient 
working group ‘CON-TATTO’ regularly gives them an 
insight into the views of patients and their families. RU1 
has implemented a multidisciplinary and multidimen-
sional approach of therapeutic patient education in order 
to minimise toxicity and improve benefits of anticancer 
agents. Sixty-nine patients and caregivers prospectively 
assessed through preintervention and postintervention 
Beliefs about Medicines Questionnaire showed that 
this approach could raise their awareness of drugs in 
the management of their disease (data not published). 
RU1 is also the main contributor to the oncological Elec-
tronic Health Record (EHR) developed by the software 
LOG80, a comprehensive system which fosters patient 
safety, care quality and research. LOG80 supports therapy 
management during prescription, preparation and 
administration of antiblastic agents, as interoperable with 
other software and devices.24

At RU2, patients are informed by dedicated nurses 
about therapy and side-effects management. RU2, in 
collaboration with FBK-ICT, developed an information 
system (OncoSys) for the management of patients with 
cancer representing the backbone of Trentino Oncology 
Network.25

RU3 has been using a customised EHR for the manage-
ment of patients with cancer based on the platform 
Galileo Electronic Health. RU3 recently launched a 
programme for the full-integration and free-interrogation 
of available patient databases created in the hospital from 
different sources. This programme relies on a web-based, 
open-source solution adopted with the aim to provide 
healthcare providers with an efficient and automated elec-
tronic data-warehouse. RU3 heads this programme, based 
on the I2B2 (Informatics for Integrating Biology and the 
Bedside) platform, which enables clinical researchers to 
use existing patient data for clinical management and 
research. RU3 is part of the I2B2 International Network 
for the development of ultimate IT solutions for cancer 
healthcare management.

AIms And objecTIves
The aim of the study is to customise and fine-tune a 2.0 
mobile health system in order to optimise patient–doctor 
communication, home-based management and remote 
monitoring of oral anticancer agents.

The objectives of the study are as follows:
1. To redesign an existing system in an oncology 

setting (Onco-TreC) by involving patients and 
healthcare providers through participatory design 
techniques.

2. To assess capability of Onco-TreC to record critical 
data of medication adherence and safety, promoting 
patient–doctor communication and improving the 
shared management of oral anticancer agents.

3. To assess usability and acceptability of Onco-TreC 
by patients and healthcare providers, monitoring 
patient-perceived levels of quality of life, anxiety, 
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quality of care and patient–doctor communication 
over time.

meThods And AnAlysIs
Both qualitative and quantitative research approaches will 
be used in this project, following two sequential phases:

 ► participatory design techniques in order to adapt 
the system to the oncology setting (objective 1);

 ► a prospective study in order to assess Onco-TreC 
capability, usability and acceptability (objectives 2 
and 3).

PArTIcIPATory reseArch
Approach
Redesigning an existing 2.0 system in an oncology setting 
will require the active involvement of patients and 
healthcare providers. This is an innovative change from 
a user-centred design process (‘for’ users) to a shared 
process (‘with’ users) through participatory design 
techniques (eg, focus group sessions, joint reviews).26 
Face-to-face participatory design sessions will be 
conducted at baseline in each RU, involving healthcare 
providers and patient representatives. Results of these 
local sessions will be shared among the RUs by face-to-
face central sessions. Additional face-to-face and on-line 
participatory sessions will be planned during the study. 
Results of such sessions will be uploaded onto the system 
by FBK-ICT. A shared revision of Common Terminology 
Criteria for Adverse Events (CTCAE) Version 4.0327 based 
on Health Literacy and Patient Reported Outcomes prin-
ciples will be included in the system to facilitate patient 
self-reporting of adverse events and treatment evaluation.

Onco-TreC will be composed of two tools aimed at 
supporting patient self-care and healthcare provider 
monitoring and intervention:

 ► Mobile diary app. This is an Android app which 
allows patients to record parameters related to 
their health state (eg, medications; blood pressure, 
weight, body temperature; side-effects or other 
symptoms; personal notes) through a mobile 
device (figures 1 and 2). Data are confidential and 
stored in a central database, ensuring sensitive data 
management compliance with the Personal Data 
Protection Code (D.Lgs. 196/03) and the European 
Data Protection Regulation (Directive 95/46/EC). 
Data can be selectively made available in real time to 
healthcare providers through a web dashboard on 
the TreC server or through a tablet app. At each data 
input, the app provides the patient with tips for the 
promotion of critical event self-management. The 
app sends the user’s data to the secure server where 
a web service with a rule-based alarm system analyses 
the incoming parameters and notifies healthcare 
providers of any critical condition via email.

 ► Web dashboard (figure 3). Through the secure 
access web portal, oncologists can check patient data, 
monitor side-effects and adherence to prescriptions, 
answer patient’s personal messages or write to 
the patient. In case of critical health condition or 
alarming lack of adherence, oncologists can contact 
the patients, collect supplementary information 
and take any necessary action to solve the  
problem.

Patient–doctor communication is supported by two 
modules: the ‘Alarms + tips’ module, for remote moni-
toring and self-care and the ‘Secure messaging’ module, 
for asynchronous communication between patients and 
healthcare providers. Two user guides (one for patients 
and one for healthcare providers) will be created to 
provide stepwise instructions on how to use Onco-TreC. 

Figure 1 Screenshot of the diary showing the window that allows patients to register the tablets taken daily.
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A dedicated phone number will be activated for technical 
support during the project.

Participating centres
This project will be jointly conducted at RU1 in Meldola, 
Forlì and Cesena, RU2 in Trento and RU3 in Bergamo. 
The multidisciplinary team and the Information Tech-
nology approach promoted by FBK-ICT will guarantee 
synergic activities among RUs and mutual access to 
research results.

ProsPecTIve sTudy

study population
The system will be assessed by performing a prospective 
training-validation, interventional, non-pharmacolog-
ical, multicentre study on a series of consecutive cancer 
patients accessing three cancer centres in different Italian 
regions.

A total of 80 evaluable patients will be considered: 
20 patients in the training step and 60 patients in the 

Figure 2 Screenshot of the diary showing the window that allows patients to register the onset and intensity of therapy-related 
rash. The app helps patients to determine the toxicity grade by displaying explanatory texts and pictures.

Figure 3 Screenshot of the oncology dashboard via the web browser. Charts show patient health data, for example, weight, 
symptoms, personal observations and therapy adherence data.
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validation step. Eligible patients must meet the following 
criteria:

 ► adult ≥18 years old, either sex;
 ► ECOG-Performance Status≤1;
 ► life expectancy >12 weeks according to clinical 

judgement;
 ► candidate for treatment with an oral agent as 

monotherapy, for example, capecitabine or sunitinib 
(adjuvant and advanced settings allowed);

 ► good understanding of the Italian language;
 ► ability to follow study procedures and manage 

mobile devices after a basic training course, at the 
investigator’s discretion;

 ► written informed consent.
Patients receiving intravenous anticancer treatment will 

be excluded, in order to reduce potential confounding in 
evaluating the system.

study procedures
To assess Onco-TreC capability, 20 eligible patients will 
enter the study in the training step. Healthcare providers 
will supply the device to the patients with complete infor-
mation on mobile app use and functions. Patients’ data 
(eg, patient demographics; medical history; prior and 
concomitant medications; details of physical examina-
tions and vital signs) will be recorded at baseline and will 
be updated during the following medical visits. Infor-
mation on modifications of concomitant diseases and 
treatments, adverse events according to CTCAE Version 
4.03, drug accountability and adherence checks will also 
be collected. Patients will be required to manually enter 
data into the system at least once a day. Patients will be 
seen at the centres every 6 weeks. Patients enrolled in 
the training step will remain under observation for a 
minimum of 6 weeks and a maximum of 12 weeks, except 
when a change of therapy occurs (due to either disease 
progression, or unacceptable toxicity, or medical/patient 
decision). At the end of the training step, results will be 
examined and the system will be fine-tuned.

In the validation step, a further 60 patients will be 
recruited with the same characteristics as those of the 
training step to better assess adherence, prevention of 
serious home complications, dose reduction or treatment 
interruption and emergency room accesses. Patients 
enrolled in the validation step will remain under observa-
tion for a maximum of 24 weeks.

Usability and acceptability of Onco-TreC by patients 
will be assessed through Functional Assessment of Cancer 
Therapy-General (FACT-G)28 and Hospital Anxiety and 
Depression Scale (HADS)29 questionnaires, electronically 
self-administered at baseline, during treatment and at the 
at the end of observation (EoO). Other three self-admin-
istered questionnaires will be filled by the patients: Q-pre 
and Q-post at baseline and at EoO, respectively; Italian 
version of the System Usability Scale (SUS)30 at EoO.

All patients enrolled in the training step and the first 
20 patients in the validation step will undergo semi-struc-
tured interviews by FBK-ICT sociologists at EoO. These 

interviews will be held at the patient’s home or at their 
medical centre and will focus on care practice and the 
use of the new technology. FBK-ICT sociologists will also 
conduct semi-structured interviews with the oncologists 
to evaluate the impact of the technology on their work-
load, patient–doctor communication, patient adherence 
and safety issues.

data management and analysis
The first customised version of the system may not fully 
meet information needs. During the study, the participa-
tory design techniques and the multistep approach will 
allow us to identify and solve emerging problems in terms 
of system capability and participant usability and accept-
ability.

Onco-TreC app will communicate with a back-end 
service to store data on a central server. Researchers will 
be able to evaluate capability data through a web-based 
dashboard. Data entered into the system by the patient 
at home will be compared with those assessed by the 
oncologist during the visit, in particular: patient-entered 
toxicities or number of pills will be compared with those 
directly reported to the doctor or compared with the 
number of the residual pills returned during the hospital 
visit, respectively. Data will be registered in electronic case 
report forms implemented using a relational database 
management system and a graphic user interface.

Patient perception about Onco-TreC will be assessed 
by subdividing FACT-B and HADS scores into different 
subscales and by analysing them using the Wilcoxon 
rank-sum test. We will translate into Italian (by 
forward-translation and back-translation) an internation-
ally validated SUS to investigate the system usability. A 
review of the literature did not reveal any existing vali-
dated questionnaires to assess other specific areas of our 
project. Two specific questionnaires (Q-pre and Q-post) 
were also developed to evaluate patient expectations 
about the system, system acceptability, quality of care 
and patient–doctor communication. The semi-struc-
tured interviews will be audio recorded, transcribed and 
assessed by the template analysis, a structured technique 
for the evaluation of qualitative data.

A formal sample size calculation for the prospective 
study was not performed due to the lack of preliminary 
data in an oncology setting and results from controlled 
before-and-after studies. Descriptive statistics will be used 
for data analysis due to the exploratory intent of the study. 
An interim analysis is planned at the end of the training 
step and at EoO of the first 20 patients enrolled in the 
validation step. Once these preliminary data are available, 
a statistical approach based on clinical experience to esti-
mate the system capability can be defined.

eThIcs And dIssemInATIon
This Italian multicentre feasibility study, approved by the 
Independent Ethics Committees of the participating insti-
tutions (CEIIAV protocol Number 2549/2015; reference 
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Number 1315-PU), will be conducted in accordance with 
the Declaration of Helsinki and the Good Clinical Prac-
tice guidelines.

The TreC-platform-based monitoring system has been 
tested in different chronic diseases but has never been 
extended to the oncology setting. The innovative tool 
for home-based management of oral agents has been 
shown to improve quality and safety of care, promote 
adherence to oral agents and reduce risk of drug interac-
tions, serious complications, improper dose self-adjustment 
and emergency room access. The extension of this project 
to the Italian National Health Service will have a twofold 
benefit: to promote patient self-empowerment and patient–
doctor communication and to ensure the sustainability and 
efficiency of the healthcare system.

Unlike most electronic health tools implemented by local 
health services, Onco-TreC will be language editable, easily 
adaptable to agents with several toxicities and interoperable 
with different EHRs and hospital workflows. Onco-TreC 
project is part of the European Innovation Partnership for 
Active and Healthy Ageing as Good Practice of the Emilia 
Romagna Region, in particular in the A1 Synergy Group on 
‘Information Technology and Adherence in Ageing Popu-
lation with Chronic Diseases and Polypharmacy’.

Our findings will provide reliable post-approval data 
comparable with adherence and safety results from 
pivotal and other relevant studies on specific oral anti-
cancer agents. It thus holds great promise to substantially 
impact and benefit a large audience. The results will be 
disseminated through peer-reviewed journals, confer-
ences and event presentations.
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