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Protocol

AbstrAct
Introduction While some evidence exists that real-
time remote symptom monitoring devices can decrease 
morbidity and prevent unplanned admissions in 
oncology patients, overall, these studies have significant 
methodological weaknesses. The electronic Symptom 
Management using the Advanced Symptom Management 
System (ASyMS) Remote Technology (eSMART) study is 
designed to specifically address these weaknesses with an 
appropriately powered, repeated-measures, parallel-group 
stratified randomised controlled trial of oncology patients.
Methods and analysis A total of 1108 patients scheduled 
to commence first-line chemotherapy (CTX) for breast, 
colorectal or haematological cancer will be recruited from 
multiple sites across five European countries. Patients 
will be randomised (1:1) to the ASyMS intervention 
(intervention group) or to standard care currently available 
at each site (control group). Patients in the control and 
intervention groups will complete a demographic and 
clinical questionnaire, as well as a set of valid and 
reliable electronic patient-reported outcome measures 
at enrolment, after each of their CTX cycles (up to a 
maximum of six cycles) and at 3, 6, 9 and 12 months after 
completion of their sixth cycle of CTX. Outcomes that will 
be assessed include symptom burden (primary outcome), 
quality of life, supportive care needs, anxiety, self-care 
self-efficacy, work limitations and cost effectiveness and, 
from a health professional perspective, changes in clinical 
practice (secondary outcomes).
Ethics and dissemination Ethical approval will be 
obtained prior to the implementation of all major study 
amendments. Applications will be submitted to all of the 
ethics committees that granted initial approval. eSMART 
received approval from the relevant ethics committees 
at all of the clinical sites across the five participating 
countries. In collaboration with the European Cancer 
Patient Coalition (ECPC), the trial results will be 
disseminated through publications in scientific journals, 

presentations at international conferences, and postings 
on the eSMART website and other relevant clinician and 
consumer websites; establishment of an eSMART website 
(www. esmartproject. eu) with publicly accessible general 
information; creation of an eSMART Twitter Handle, and 
production of a toolkit for implementing/utilising the 
ASyMS technology in a variety of clinical practices and 
other transferable health care contexts.
Trial registration number NCT02356081.

InTroducTIon
Recent advances in chemotherapy (CTX) 
have resulted in considerable increases in 
overall cancer survival rates.1–4 However, 
this treatment is associated with signifi-
cant5 6 and occasionally life-threatening 
side effects.7–9 In addition, CTX-related 
symptoms can lead to poor treatment adher-
ence,10 increased hospitalisations,7–9 11 12 
increased costs7–9 11 12 and impaired quality 

Strengths and limitations of this study

 ► Suitably powered multicentre (multiple clinical 
sites across five European countries) randomised 
controlled trial of the efficacy of remote technology 
to manage symptoms in oncology patients.

 ► Measurement of patient outcomes during active 
treatment through to and inclusive of a survivorship 
period (ie, 1 year post treatment).

 ► Potential bias associated with the possibility that 
only technologically confident patients will agree 
to take part and the limited number of European 
countries involved in the study.
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of life (QoL).13–15 CTX-related symptoms occur not only 
during active treatment but can persist into survivor-
ship.6 16 17

While symptom assessment is an essential component 
of cancer care, regular and systematic approaches to 
symptom assessment are lacking.18 19 Currently, identi-
fication of CTX-related symptoms primarily relies on 
retrospective patient recall, which, apart from being 
prone to recall bias and inaccuracy,20 may be of limited 
benefit because delays in reports of clinically signifi-
cant and potentially life-threatening symptoms impair 
effective symptom management.21 Ineffective symptom 
management results in disruptions to health-related 
QoL (HR-QoL) and increases supportive care needs.22 
These unfavourable outcomes have negative effects on 
patients and their family caregivers.23 Effective symptom 
assessment and management is further compounded by 
the transition of cancer services from traditional inpa-
tient care towards care delivered within local settings.24 
This shift in care delivery means that many patients are 
required to engage in self-care activities to prevent or 
reduce the severity of CTX-related symptoms24 and make 
important treatment decisions without their clinicians.25 
The use of innovative technological systems provides an 
affordable solution to the increasing demands placed on 
acute care through the delivery of care in the home and 
rural settings.26 27 Such remote monitoring systems facili-
tate real-time communication between patients and their 
clinicians26 and in recent years there has been a rapid 
increase in the number of these systems being used in 
the cancer setting,28 many of which require further devel-
opment in order to enhance their usability and clinical 
integration.

One of the more advanced remote monitoring systems 
available to assess and manage CTX toxicities is the 
Advanced Symptom Management System (ASyMS), 
which was developed by researchers, cancer clinicians 
and people with cancer.29–36 ASyMS is a mobile phone-
based remote monitoring system that enables the 
‘real-time’ monitoring of patients’ symptoms through use 
of patient-reported outcome measures (PROMs). The 
use of PROMs is advocated as an effective way to identify 
aspects of a patient’s health status,37 enhance manage-
ment of CTX-related symptoms, alleviate patient anxiety 
and promote self-care self-efficacy.38 Combined with 
technology-driven interventions that are able to capture 
symptom data in real time, electronic PROMs (ePROMs) 
allow for rapid clinical decision-making and interventions 
to improve patient outcomes.39 In addition, they enable 
the delivery of quality care irrespective of distance27 and 
economic or cultural contexts.

Complementary to such technological innovations is 
the advent of predictive risk models (PRMs) which enable 
care to be effectively triaged and clinicians to employ a 
preventative and anticipatory model of care through 
identification of patients at greatest risk for CTX-re-
lated symptoms.40 Collectively, the use of technologically 
driven, real-time symptom monitoring and predictive risk 

modelling will allow for timely, high-quality, person-cen-
tred supportive care.

Recent evidence demonstrates that remote symptom 
monitoring through patient report leads to clear clin-
ical benefits.41 The clinical impact of these interventions 
includes decreased morbidity, improved HR-QoL and a 
reduction in hospital admissions in oncology patients.41 
However, the concept is still relatively novel with very 
few studies conducted in cancer settings.42 Methodolog-
ical weaknesses have been identified and none included 
a health economic analysis.42 The electronic Symptom 
Management using the Advanced Symptom Manage-
ment System Remote Technology (eSMART) study is 
designed to address these issues with an appropriately 
powered, randomised controlled trial (RCT) which will 
demonstrate the effects of the ASyMS intervention on 
key patient outcomes and delivery of care provided to 
oncology patients during and after CTX.

MeThods and analysIs 
eSMART is a two-part, pragmatic, 5-year RCT being 
conducted in multiple sites across five countries (ie, 
Austria, Greece, Ireland, Norway and the UK). Part 2, 
the protocol that is described in this paper, is the RCT. 
Part 1 was concerned with the necessary preparatory work 
required for the RCT (including scoping review, clinical 
algorithm refinement, patient/clinical advisory group 
discussions, translation and linguistic validation of all 
study materials and feasibility testing of the ASyMS tech-
nology). The eSMART study is sponsored and led by the 
University of Surrey in the UK and is registered on  Clini-
calTrials. gov (NCT02356081).

The primary aim of eSMART is to evaluate the short-
term and long-term impact of the ASyMS technology on 
patient-reported outcomes in oncology patients receiving 
first-line CTX for breast cancer, colorectal cancer (CRC) 
and haematological (ie, Hodgkin’s disease (HD), 
non-Hodgkin's lymphoma (NHL)) cancer. In addition, 
eSMART will evaluate the cost-effectiveness of the ASyMS 
technology, as well as changes in clinical practice that may 
follow its full deployment in different European health-
care settings. The primary and secondary study objectives 
and their associated outcome measures (ePROMs) are as 
follows.

Primary objective
To determine whether, compared with standard care, the 
ASyMS intervention can lead to reduced symptom burden 
during active CTX for breast cancer, CRC, HD or NHL as 
evidenced by a statistically significantly lower total Memo-
rial Symptom Assessment Scale (MSAS)43 score over six 
CTX cycles. The MSAS is a valid and reliable PROM43 
that evaluates 32 physical and psychological symptoms 
according to their frequency, severity and distress/bother 
to the patient in the past week.

secondary objectives
To determine whether, compared with standard care, the 
ASyMS intervention can lead to the following outcomes 
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in patients receiving CTX for breast cancer, CRC, HD or 
NHL:
1. Reduced symptom burden during active CTX as 

evidenced by statistically significantly lower total 
MSAS scores at prespecified time points and at 
1 year following the intervention.

2. Reduced symptom burden at mid-CTX cycle 
time point (ie, at a time point when symptom 
burden is known to reach its peak), as evidenced by 
a statistically significantly lower total MSAS score.

3. Increased HR-QoL (ie, statistically significantly 
higher scores on overall and HR-QoL domains 
of the Functional Assessment of Cancer Therapy-
General44 during active CTX and/or at the 1 year 
follow-up.

4. Reduced supportive care needs (ie, statistically 
significantly lower scores on supportive care needs 
domains of the Supportive Care Needs Survey-
Short Form 3445 during active CTX and/or at the 
1 year follow-up.

5. Reduced anxiety (ie, statistically significantly lower 
scores on the state and/or trait anxiety domains of 
the State-Trait Anxiety Inventory-Revised46 during 
active CTX and/or at the 1 year follow-up.

6. Improved self-care self-efficacy (ie, statistically 
significantly higher self-efficacy scores on the 
Communication and Attitudinal Self-Efficacy scale 
for cancer47 during active CTX and/or at the 1 year 
follow-up.

7. Fewer work limitations (ie, statistically significantly 
lower work limitations scores on the Work 
Limitations Questionnaire 48 during active CTX 
and/or at the 1 year follow-up.

In addition, the following outcomes will be evaluated:
1. The cost-effectiveness of the ASyMS intervention 

for the management of CTX-related symptoms 
by combining resource use data with quality-
adjusted life-years measured with the EuroQol 
5-Dimensions49 and use of the Client Services 
Receipt Inventory.50

2. Changes in clinical practice as a result of the ASyMS 
intervention by promoting an anticipatory and 
preventative model of care that enables more care 
to be delivered in local settings.

3. PRMs to predict CTX-related symptoms in patients 
with breast cancer, CRC, HD or NHL by combining 
demographic, clinical, social and health service 
data collected from previous studies, as well as the 
current study, to inform the predictions made. 
This component will move beyond traditional 
approaches to manage symptoms in oncology 
patients receiving CTX to more tailored and 
anticipatory approaches.

setting
Patients (n=1108) will be recruited from multiple sites 
across five European countries (see online supplemen-
tary appendix 1 for details).

Patient screening and recruitment
At each site, eligible patients (see Box 1 for eligibility 
criteria) will be identified by the local site Principal 
Investigator or other members of the local clinical team. 
Patients will be recruited from outpatient and/or inpa-
tient oncology settings prior to the initiation of CTX.

Patient recruitment
Clinical staff at each site and/or dedicated research staff 
will assist with the recruitment of patients. Patients will be 
given a sufficient period of time to consider participation 
and they will be advised that they can discuss the study 
with any significant others and/or health professionals 
prior to making a final decision. If patients agree to partic-
ipate, they will be asked to attend the clinic prior to their 
pre arranged appointment for CTX (enrolment visit). 
During the enrolment visit, written informed consent will 
be obtained (see online supplementary appendix 2).

randomisation
Following the consent procedure, randomisation will be 
performed remotely and independently by the Surrey 
Clinical Trials Unit (CTU) using the Promasys system 
(OmniComm Systems). Research staff at each site will 
log into the randomisation site. Eligible patients will be 

Box 1 Eligibility criteria

Patients will be included in the RCT if they are
 ► Adults (≥18 years)
 ► Diagnosed with breast cancer, CRC, HD or NHL
 ► Scheduled to receive first-line CTX or (if previous CTX has been 
received) scheduled to receive CTX for the first time in the last five 
years

 ► Scheduled to receive 2-weekly, 3-weekly or 4-weekly CTX protocols 
(ie, CTX administered every 14, 21 or 28 days, respectively)

 ► Scheduled to receive a minimum of three cycles of CTX
 ► Physically/psychologically fit to participate in the study
 ► Able to understand and communicate in the respective language

Patients will be excluded from the RCT if they are
 ► Diagnosed with a distant metastasis in the case of breast cancer 
or CRC

 ► Experiencing B symptoms in the context of an HD or NHL diagnosis
 ► Scheduled to receive concurrent radiotherapy
 ► Scheduled to receive weekly CTX
 ► Diagnosed with recurrent cancer or another type of cancer within 
5 years prior to recruitment (with the exception of non-melanoma 
skin cancer)

 ► Patients who have CTX within the previous five years for any medical 
reason

 ► Unable to provide written informed consent

CRC, colorectal cancer; CTX, chemotherapy; HD, Hodgkin’s disease; NHL, 
non-Hodgkin's lymphoma; RCT, randomised controlled trial.
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randomised via a web-based electronic case report form 
and will be stratified by site and type of cancer. These 
steps will ensure that bias in treatment assignment, 
specifically selection bias, allocation concealment bias 
and confounding bias, will be eliminated. This alloca-
tion will determine whether the patient is allocated to 
the mid-CTX measurement (30% of total study sample). 
Information concerning patient eligibility, patient unique 
ID number, date of randomisation, allocation group 
and written informed consent will be recorded in the 
Promasys system. Due to the nature of the intervention, 
blinding is not possible. However, to mitigate the adverse 
effects of blinding bias, patient information sheets (see 
online supplementary appendix 3) will be deliberately 
produced to avoid any reference to ‘intervention group’ 
or ‘control group’ as this information could discourage 
patients allocated to the control group from taking part. 
Instead, all patients will be informed that they will be 
randomly allocated to one of two different methods of 
symptom management during CTX (ie, either ‘mobile 
phone group’ or ‘normal care group’). In addition, 
patients will be blinded to study hypotheses.

Prior to advising patients about the outcome of the 
randomisation process, all patients will be asked to 
complete a set of ePROMs on a tablet personal computer 
(PC) or desktop PC. If patients are allocated to the inter-
vention group, the research staff will provide a brief 

overview of study procedures and train the patient to use 
the ASyMS technology prior to commencement of CTX. 
If patients are allocated to the control group, the research 
staff will provide a brief overview of study procedures.

Intervention
The ASyMS intervention uses mobile phone technology 
to enable real-time monitoring of patients’ CTX-related 
symptoms (figure 1A). The core component of the ASyMS 
intervention is the mobile phone device (ie, ASyMS 
patient handset shown in figure 1B), which contains an 
electronic version of the ASyMS symptom questionnaire 
(CTX Toxicity Self-Assessment Questionnaire (CTAQ)). 
The CTAQ assesses 10 CTX-related symptoms (ie, feeling 
sick, being sick, diarrhoea, constipation, sore mouth and/
or throat, paraesthesias, sore hands and/or feet, flu-like 
symptoms/infection, tiredness, pain). An additional item 
is included to give the patient the option to report up to 
six further symptoms.

This ePROM evaluates three dimensions of CTX-re-
lated toxicity on separate response scales, namely 
incidence, severity and bother. Symptom occurrence is 
reported on a dichotomous scale (ie, yes/no). When the 
answer is ‘yes’, the patient is asked to rate the severity 
and bother of each symptom. A three-point scale (mild, 
moderate, severe) is used to evaluate symptom severity. 
The severity indicators have associated descriptors based 

Figure 1 Electronic Symptom Management using the Advanced Symptom Management System Remote Technology 
(eSMART) intervention: (A) Diagram illustrating the eSMART model of care. (B) Patient ASyMS device. Example of the 
home screen where the patient can access self-care advice, their daily symptom questionnaire and any text messages sent by 
clinician. (C) Clinician alert-handling process. These screenshots provide an example of the type of information available on the 
clinician handset, that is, severity of alert, patient ID and list of reported symptoms.
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on the Common Terminology Criteria for Adverse Events 
V.4.0.51 Mild symptoms are defined using CTC 1 criteria, 
moderate symptoms CTC 2 and severe symptoms CTC 3. 
This approach ensures that ratings of symptom severity 
are easily translated into routine practice and incorpo-
rated into current management guidelines. A four-point 
scale (not at all, a little, quite a bit, very much) evaluates 
how much a patient is bothered by the symptom. All 
symptoms will be rated using a recall period of the past 
24 hours. The CTAQ symptom questionnaire was used in 
previous ASyMS studies.33 The validity and reliability of 
this tool was demonstrated in oncology patients receiving 
CTX.33

Prior to completing the ePROM, patients will be asked 
to indicate whether they are at home or in hospital, 
they will complete the CTAQ symptom questionnaire 
on the ASyMS patient handset and take their tempera-
ture with a tympanic electronic thermometer. Patients 
will enter this value into the handset once daily and at 
any time they feel unwell after each of their CTX cycles 
(up to a maximum of six cycles). Patients involved 
in previous ASyMS studies did not find this process 
burdensome and adherence across patient populations 
was high.36 52Patients will immediately receive auto-
mated, evidence-based self-care advice based on their 
symptom reports. In addition, the ASyMS patient hand-
sets will provide access to a self-care library, symptom 
graphs (detailing trends in individual symptoms experi-
enced) and contact numbers for care teams and patient 
support organisations in their country.

The patients’ ‘real-time’ symptom information will 
be sent automatically via a secured connection to Doco-
bo’s (software provider) secure server. Patients will be 
advised via the ASyMS patient handset if their symptom 
data were sent successfully to the server. If the patient 
is at home and the incoming symptom reports are of 
clinical concern (eg, a developing infection), the server 
software will generate alerts that will be sent to the 
patients’ clinician. Two levels of alerts will be generated 
if symptoms require intervention. The first of these, an 
amber alert (to be addressed within 8 hours), will be for 
symptoms that are bordering on becoming problem-
atic and would be responsive to early interventions. In 
such cases, clinicians will make a clinical judgement as 
to whether or not to call the patient following a review 
of the patient’s symptom information on the ASyMS 
website (ie, the patient’s ‘real-time’ symptom reports, 
patient symptom graphs and the 28-day-view patient 
display). A red alert (to be addressed within 30 min) will 
be triggered for symptoms that are severe or life-threat-
ening (eg, fever). These time frames, within which an 
alert is to be answered, are designed to facilitate timely 
clinical intervention while also being manageable for 
the clinicians.

Clinicians will receive alerts on a dedicated ASyMS 
clinician handset (ie, a specialised mobile phone that 
the clinician responsible for handling alerts on a given 
shift (‘alert handler’) will carry with them at all times). 

All clinical sites will be provided with centrally gener-
ated, site-specific usernames and passwords that will 
allow clinicians access to the ASyMS web-based system. 
When an alert is triggered, the ASyMS clinician handset 
will play an audio attention prompt in the form of a 
repetitive, high-pitched ringing. Alert handlers will be 
able to identify which patient triggered the alert by 
tapping the relevant alert icon on the ASyMS clinician 
handset to reveal the type of incoming alert (amber or 
red), the patient study ID number, the time elapsed 
since the alert was received and, when available, a list of 
symptoms that triggered the specific alert (figure 1C). 
This information will allow the alert handler to match 
the alert to the patient on the secure eSMART website, 
where all patients’ symptom reports, demographic and 
clinical information, contact telephone numbers and 
addresses are viewable. On receipt of an alert, the clini-
cian will view the patient’s ‘real-time’ symptom reports 
on a secure web page, before contacting the patient to 
initiate the appropriate intervention. Information on 
this secure website will include demographic and clin-
ical information to allow clinicians to verify the patient’s 
identity and to assist in decision-making and subsequent 
interventions. Clinicians can use information stored 
on the eSMART website to conduct a clinical assess-
ment with the patient. The alert handler will provide 
appropriate, standardised interventions using clinical 
algorithms which are based on international, national 
and local guidelines, and feedback from clinicians and 
patients. The alert handler will then document the 
actions/interventions performed, and sign off the alert 
on the eSMART website.

In addition to patient information being stored on the 
website for access during alert handling, a hard copy of 
the patient’s study ID number, name and contact details 
will be kept in a locked file at each site in case the eSMART 
server malfunctions or is unavailable. Thus, alert handlers 
will be able to contact the patient to assess their symptoms 
and intervene.

TraInIng/educaTIon
Patient training (intervention group)
Patients allocated to the intervention group will 
be provided with the ASyMS patient handset and a 
tympanic thermometer. The research staff will instruct 
the patients on how to use the handset. If a patient 
experiences any problems with this procedure, addi-
tional training will be done until the patient feels 
comfortable using the ASyMS patient handset and they 
can successfully transmit their symptom information to 
the server. A manual for the handset containing instruc-
tions and contact numbers will be given to each patient. 
In the interest of patient safety, patients who will use 
the ASyMS intervention will be reminded that in cases 
where the technology fails, standard care will apply. For 
example, if symptoms are reported that will trigger an 
alert, before closing the questionnaire the patient will 
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receive a message to inform them that their symptoms 
will be reviewed by a clinician and that they may receive 
a call within the time frame given. If patients do not 
receive any contact from the hospital (ie, in the case 
of technology failure) and feel that their symptoms are 
of concern, they are always advised at the outset of the 
study to use the standard care procedures.

Patients will be advised that they can still use their 
ASyMS handset if they are hospitalised. In this instance, 
no alerts will be triggered but patient data will be trans-
ferred to the server if internet connectivity is available. 
Patients in the intervention group will be informed about 
data collection procedures.

Patient training (control group)
Patients allocated to the control group will be informed 
about data collection procedures (see ‘Data collection 
and management’ section).

clinician training on the intervention
Dedicated training sessions with members of each clin-
ical team (local ‘alert handlers’) will take place prior to 
commencement of patient recruitment. In the interest 
of patient safety, clinicians will be reminded that in 
cases where the technology fails standard care will apply 
for patients in the intervention group throughout their 
participation in the study.

data collection and management
Research design: Repeated measures, parallel group, 
stratified RCT.

Demographic and clinical data will be collected at the 
outset of the study. The outcome measures used in this 
study were selected following a review of the literature 
as advocated by the Medical Research Council frame-
work for complex interventions.53–55 These PROMs 
were selected as the best available and most appropriate 
measures to address the primary and secondary objectives 
listed above.

active treatment period
Irrespective of study condition, all patients will be asked 
to complete a set of ePROMs (primary and secondary) at 
enrolment (ie, prior to first CTX) and around the start of 
each subsequent CTX (between 2 days before and 1 day 
after CTX administration) up to a maximum of six cycles 
of CTX. In addition, a subsample (30%) of randomly 
selected patients from the intervention and control 
groups will be asked to complete a mid- cycle measure-
ment (mid-CTX) of the primary outcome measure (ie, 
MSAS) at each cycle in order to capture additional data on 
symptom burden at this time. Depending on the duration 
of a given CTX cycle and patient availability, patients will 
be asked to complete the mid -CTX assessment between 
days 6 and 8 for 2- weekly protocols, between days 9 and 
11 for 3 -weekly protocols and between days 13 and 15 for 
4- weekly protocols.

PROM data will be collected in the hospital, where 
patients will be asked to use a tablet PC or desktop PC 

each time they are required to complete the question-
naires. When required, research staff will assist patients 
to enter information on the tablet PC/PC. The tablet 
PC/PC will hold electronic versions of the PROMs ques-
tionnaires, allowing data to be transferred to the secure 
server. During active CTX, the data collection will coin-
cide with patients’ visits for their next CTX cycle. To offer 
patients more flexibility, they may also have the option 
of completing PROM data via a secure web link sent to 
the patient’s email. Data collection of PROMs will take 
approximately 40–60 min; patients will be encouraged to 
take a break at any stage and will be regularly informed 
of their progress through the questionnaires. Should 
patients decide to take a break, the tablet PC/PC will 
automatically resume where they discontinued.

The data collection from the subset of patients who 
complete the mid -cycle MSAS measurements will be 
conducted by using either a secure web link for those 
patients who use email or through a telephone interview 
with the research staff. During this mid-cycle measure-
ment, the research staff will record patient responses to 
the MSAS items on the same tablet PC/PC that will be 
used for patient self -reported data collection.

Follow -up period
On completion of a maximum of six cycles of CTX, both 
the intervention and control groups will be followed 
for 1 year to evaluate sustainability of the intervention 
effects. Follow-up data will be collected at pre specified 
time  points every three months. A post- CTX ‘baseline 
assessment’ will take place after the end of the final CTX 
cycle. Subsequent assessments will take place at 3, 6, 9 and 
12 months following this ‘baseline assessment’.

In order to reliably assess the sustained effects of the 
intervention, it is important that strategies are put in 
place to minimise the risk of attrition during the follow-up 
period. Therefore, a sequential mixed -mode design for 
data collection will be used to allow for flexibility in data 
collection and to control for non- respondent follow- up. 
PROM data will be collected in the hospital, where patients 
will be asked to use a tablet PC or PC each time they are 
required to complete the ePROMs. Patients will be given 
two alternative options if data cannot be collected in 
clinics using the tablet PC/PC: (1) internet surveys (sent 
via personalised emails) with automated reminders sent 
at 14 and 21 days post-due date to non-responders or (2) 
telephone-conducted interviews completed by research 
staff, who will enter data on a tablet PC/PC.

The use of sequential mixed-mode design for non-re-
spondent follow-up may enhance perceptions of the 
importance of the research, increase response rates, be 
cost effective and reduce non-response bias with minimal 
effect on data quality.56

sample size calculation
Sample size estimation was based on existing evidence 
of differences in total MSAS scores between interven-
tion group and control group (ie, a difference between 
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intervention and control groups of 1.45 – 1.30=0.15).57 
Drawing on these data, a sample size estimation analysis 
indicated that for a difference in total MSAS score of 0.15 
(SD=0.6) given an effect size of 0.25, with four repeated 
measures after enrolment and one enrolment measure, 
a sample of 776 patients (110 patients with haemato-
logical cancers and 333 patients with breast cancer and 
CRC) will provide 90% power for a two-sided 5% signif-
icance level.58 Allowing for an attrition rate of 30%, a 
total of 1108 patients will need to be recruited. During 
the postintervention follow-up period, it is assumed 
that an additional 30% of patients will dropout, giving a 
sample of 544 expected to complete the study 12 months 
post treatment.

In addition, to allow for a mid-CTX comparison of 
MSAS scores between intervention and control groups, 
a random 30% of the total sample recruited for the RCT 
(ie, n=334 (n=122 patients with CRC (61 intervention/61 
control), n=122 patients with breast cancer (61 interven-
tion/61 control) and n=90 patients with haematological 
cancer (45 intervention/45 control)) will be selected to 
provide data at this time point.

data analysis plan
The statistical analysis of the data will be the responsi-
bility of the Surrey CTU in conjunction with University 
of Dundee (please see the complete data analysis plan in 
online supplementary appendix 4). Demographic and 
clinical characteristics recorded at enrolment will be 
tabulated by treatment groups. Descriptive statistics will 
include n, mean, SD, median, minimum and maximum. 
All analyses will follow the guidance contained in the ICH 
E9 ‘Statistical Principles for Clinical Trials’ (http://www. 
emea. europa. eu/ docs/ en_ GB/ document_ library/ Scien-
tific_ guideline/ 2009/ 09/ WC500002928. pdf). Analysis 
of these RCT data will be based on the intention-to-treat 
principle.

Treatment phase
Study outcomes will be described as means and SD. 
Transformations may be required when the distribu-
tions are non-normal. Enrolment characteristics will 
be described for the whole trial and separately by type 
of cancer. The primary outcome of MSAS total score is 
continuous and will be assessed in a repeated-measures 
analysis using mixed models. Hence, the analysis will test 
the difference between ASyMS and standard care groups 
in the change in symptoms between enrolment and 
repeated follow-up. The primary hypothesis will be tested 
through the regression parameter for the ASyMS versus 
standard care groups, adjusting for enrolment MSAS as 
well as stratified by type of cancer and country. Adjust-
ments will be made for length of treatment, age, gender, 
as well as symptom prevalence and severity at enrolment. 
The prespecified subgroup analyses by type of cancer, 
country, age, gender and symptom prevalence and 
severity will be assessed by fitting trial arm by subgroup 
interaction parameters.

Should the active recruitment period of the RCT over 
run, it is acknowledged that this may affect the number of 
patients with data at all time points at the designated end of 
the follow-up. During the follow-up period, a separate anal-
ysis will be performed to indicate how many patients would 
be required by the end of the follow-up period.

Follow-up phase
Two mixed-models analyses will be carried out. First, the 
repeated measures of outcomes in the extended follow-up 
will be added to those already obtained from the active 
CTX period. This analysis will be a longer-term follow-up 
of the active CTX period and has the advantage of further 
repeated measures adding power to the comparison. It 
will test whether any effect seen after the trial is sustained 
for up to a year. Post-CTX management is highly individ-
ualised. Therefore, groups of patients are expected to 
receive different maintenance treatment based on cancer 
diagnosis and disease characteristics and different models 
of follow-up (eg, traditional, open access, risk stratified). 
Therefore, additional subgroup analyses will be performed 
and adjustments made for these differing characteristics in 
the modelling.

Second, a separate analysis will take baseline as the end 
of intervention and analyse the repeated measures of the 
outcomes up to 12 months. This analysis will be an obser-
vational cohort analysis of the postintervention stage and 
will require that more confounding factors be taken into 
account. The analyses will use mixed models as in the active 
intervention period. The extent of missing data in the 
outcomes will be explored and the reasons for missing data 
noted.

Monitoring
The Surrey CTU has developed a monitoring plan that 
will record all of the information regarding monitoring. 
Each clinical site will be responsible for performing their 
monitoring. In addition, a Data Monitoring Committee 
(DMC) was established. The role of the DMC is to review 
accumulating study data related to the safety and efficacy 
of the study intervention and to ensure continued scientific 
validity and merit of the study.

safety reporting
Any study-related incidents will be reported to the 
national competent authority in each country. The local 
ethics committee that granted ethical approval in each 
country will be informed.

Trial status
The RCT is now open and actively recruiting patients.

Author affiliations
1University of Surrey, Faculty of Health and Medical Sciences, Duke of Kent Building, 
Surrey, Guildford, UK
2UCD School of Nursing, Midwifery and Health Systems, Health Sciences Centre, 
Belfield, Dublin, Ireland
3Department of Physiological Nursing, University of California, San Francisco, 
California, USA

group.bmj.com on June 12, 2017 - Published by http://bmjopen.bmj.com/Downloaded from 

http://www.emea.europa.eu/docs/en_GB/document_library/Scientific_guideline/2009/09/WC500002928.pdf
http://www.emea.europa.eu/docs/en_GB/document_library/Scientific_guideline/2009/09/WC500002928.pdf
http://www.emea.europa.eu/docs/en_GB/document_library/Scientific_guideline/2009/09/WC500002928.pdf
http://bmjopen.bmj.com/
http://group.bmj.com


8 Maguire R, et al. BMJ Open 2017;7:e015016. doi:10.1136/bmjopen-2016-015016

Open Access 

4Florence Nightingale Faculty of Nursing & Midwifery, King’s College London, James 
Clerk Maxwell Building, England, UK
5National and Kapodistrian University of Athens, Papadiamantopoulou, Goudi, 
Athens, Greece
6Medical University Vienna Comprehensive Cancer Center, Spitalgasse, Austria
7Innlandet Hospital Trust Lillehammer and Norwegian University of Science and 
Technology (NTNU), Gjøvik, Norway
8Docobo Ltd, Bookham, Surrey, UK
9Division of Population Health Sciences, Medical Research Institute, University of 
Dundee, Dundee, Scotland
10King’s College London, David Goldberg Centre, Denmark Hill, London, UK
11European Cancer Patient Coalition (ECPC), Belgium

Acknowledgements The authors are grateful to the clinicians at the 
clinical sites who are integral to this study (patient recruitment, alert 
handling, symptom assessment and management and data collection) (see 
online supplementary appendix 1).

Contributors NK and RM developed the initial trial concept. NK, RM, LM, GK 
and MM devised the study design, drafted the protocol and contributed to critical 
revisions of the manuscript. CM contributed to the study design and critical 
revisions of the protocol and the manuscript. PF drafted the manuscript and 
contributed to revisions of the protocol. EF contributed to revisions of the protocol 
and critical revisions of the manuscript. ER, JA, PM, JH contributed to the study 
design and critical revisions of the protocol. EP, SK, AG, GVB, KA and AF contributed 
to critical revisions of the protocol. AB contributed to revisions of the manuscript. 
PD carried out the sample size calculations. PD wrote the statistical analysis plan. 
RM is the Chief Investigator and takes overall responsibility for all aspects of trial 
design, the protocol and the trial conduct. All authors have read and approved this 
manuscript. 

Funding The eSMART project has received funding from the European Union’s 
Seventh Framework Programme for research, technological development and 
demonstration under grant agreement no. 602289.

Competing interests None declared.

Ethics approval The eSMART study has received ethical approval from NHS 
Lothian, South East Scotland Research Ethics Committee (14/SS/1062). Ethics 
approval has also been received from all of the following: St. Vincent’s Healthcare 
Group Ethics and Medical Research Committee, Ireland; St James’s Hospital/
Adelaide, Meath incorporating National Children’s Hospital Research Ethics 
Committee, Ireland (2015 List 27(5)); REK Regional Committees for Medical and 
Health Research Ethics, Norway (REC South East 2015/408 eSmartstudien). Hellenic 
Data Protection Authority (no.: Γ/ΕΞ/2630/07-05-2015); National and Kapodistrian 
University of Athens, Faculty of Nursing, Ethics and Research Committee (no.: 138, 
15/1/2015), Agioi Anargiri Cancer Hospital Ethics and Research Committee (no.: 
267, 13-3-2015) (no.: 839, 15-9-2015), Metropolitan Hospital Ethics and Research 
Committee (19/5/15) (4/9/15), Air Force General Hospital Ethics and Research 
Committee (no.: 6048, 3/4/15, 23/10/2015), Ethics Committee of the Medical 
University of Vienna (1165/2015).

Provenance and peer review Not commissioned; externally peer reviewed.

Open Access This is an Open Access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited and the use is non-commercial. See: http:// creativecommons. org/ 
licenses/ by- nc/ 4.0/

© Article author(s) (or their employer(s) unless otherwise stated in the text of the 
article) 2017. All rights reserved. No commercial use is permitted unless otherwise 
expressly granted.

references
 1. Bergh J, Jönsson PE, Glimelius B, et al. A systematic overview of 

chemotherapy effects in breast Cancer. Acta Oncol 2001;40:253–81.
 2. Pulte D, Gondos A, Brenner H. Ongoing improvement in outcomes 

for patients diagnosed as having Non-Hodgkin lymphoma from the 
1990s to the early 21st century. Arch Intern Med 2008;168:469–76.

 3. Bessell EM, Bouliotis G, Armstrong S, et al. Long-term survival after 
treatment for hodgkin's disease (1973-2002): improved survival with 
successive 10-year cohorts. Br J Cancer 2012;107:531–6.

 4. Jawed I, Wilkerson J, Pichun M, et al. Effect of chemotherapy on the 
progress in colorectal cancer survival in the past two decades . J Clin 
Oncol 2014;32:5s. (suppl; abstr 3642).

 5. Sun CC, Bodurka DC, Weaver CB, et al. Rankings and symptom 
assessments of side effects from chemotherapy: insights from 
experienced patients with ovarian Cancer. Support Care Cancer 
2005;13:219–27.

 6. Spathis A, Booth S, Grove S, et al. Teenage and young adult Cancer-
Related Fatigue is prevalent, distressing, and Neglected: it is Time to 
intervene. A systematic Literature Review and Narrative synthesis. J 
Adolesc Young Adult Oncol 2015;4:3–17.

 7. Kuderer NM, Dale DC, Crawford J, et al. Mortality, morbidity, and 
cost associated with febrile neutropenia in adult Cancer patients. 
Cancer 2006;106:2258–66.

 8. Pathak R, Giri S, Aryal MR, et al. Mortality, length of stay, and health 
care costs of febrile neutropenia-related hospitalizations among 
patients with breast Cancer in the United States. Support Care 
Cancer 2015;23:615–7.

 9. Chindaprasirt J, Wanitpongpun C, Limpawattana P, et al. Mortality, 
length of stay, and cost associated with hospitalized adult Cancer 
patients with febrile neutropenia. Asian Pac J Cancer Prev 
2013;14:1115–9.

 10. Bhattacharya D, Easthall C, Willoughby KA, et al. Capecitabine 
non-adherence: exploration of magnitude, nature and contributing 
factors. J Oncol Pharm Pract 2012;18:333–42.

 11. Paessens BJ, von Schilling C, Berger K, et al. Health resource 
consumption and costs attributable to chemotherapy-induced 
toxicity in german routine hospital care in lymphoproliferative 
disorder and NSCLC patients. Ann Oncol 2011;22:2310–9.

 12. McKenzie H, Hayes L, White K, et al. Chemotherapy outpatients' 
unplanned presentations to hospital: a retrospective study. Support 
Care Cancer 2011;19:963–9.

 13. Chou FY, Dodd M, Abrams D, et al. Symptoms, self-care, and quality 
of life of chinese american patients with Cancer. Oncol Nurs Forum 
2007;34:1162–7.

 14. Fernández-Ortega P, Caloto MT, Chirveches E, et al. Chemotherapy-
induced nausea and vomiting in clinical practice: impact on patients' 
quality of life. Support Care Cancer 2012;20:3141–8.

 15. Hilarius DL, Kloeg PH, van der Wall E, et al. Chemotherapy-induced 
nausea and vomiting in daily clinical practice: a community hospital-
based study. Support Care Cancer 2012;20:107–17.

 16. Husson O, Mols F, van de Poll-Franse L, et al. Variation in fatigue 
among 6011 (long-term) cancer survivors and a normative 
population: a study from the population-based PROFILES registry. 
Support Care Cancer 2015;23:2165–74.

 17. Myers JS. Chemotherapy-related cognitive impairment: the breast 
Cancer experience. Oncol Nurs Forum 2012;39:E31–E40.

 18. Brown V, Sitzia J, Richardson A, et al. The development of the 
Chemotherapy Symptom Assessment Scale (C-SAS): a scale for the 
routine clinical assessment of the symptom experiences of patients 
receiving cytotoxic chemotherapy. Int J Nurs Stud 2001;38:497–510.

 19. Spichiger E, Rieder E, Müller-Fröhlich C, et al. Fatigue in patients 
undergoing chemotherapy, their self-care and the role of health 
professionals: a qualitative study. Eur J Oncol Nurs 2012;16:165–71.

 20. McPhail S, Haines T. Response shift, recall Bias and their effect on 
measuring change in health-related quality of life amongst older 
hospital patients. Health Qual Life Outcomes 2010;8:65.

 21. Coolbrandt A, Van den Heede K, Vanhove E, et al. Immediate 
versus delayed self-reporting of symptoms and side effects during 
chemotherapy: does timing matter? Eur J Oncol Nurs 2011;15:130–6.

 22. Brearley SG, Stamataki Z, Addington-Hall J, et al. The physical and 
practical problems experienced by Cancer survivors: a rapid review 
and synthesis of the literature. Eur J Oncol Nurs 2011;15:204–12.

 23. Kotronoulas G, Wengstrom Y, Kearney N. Informal carers: a focus 
on the real caregivers of people with Cancer. Forum Clin Oncol 
2012;3:58–65.

 24. McCorkle R, Ercolano E, Lazenby M, et al. Self-management: 
enabling and empowering patients living with Cancer as a chronic 
illness. CA Cancer J Clin 2011;61:50–62.

 25. Butow PN, Phillips F, Schweder J, et al. Psychosocial well-being 
and supportive care needs of Cancer patients living in urban and 
rural/regional areas: a systematic review. Support Care Cancer 
2012;20:1–22.

 26. Basch EM, Reeve BB, Mitchell SA, et al. Electronic toxicity 
monitoring and patient-reported outcomes. Cancer J 2011;17:231–4.

 27. Carpenter JS, Rawl S, Porter J, et al. Oncology outpatient and 
provider responses to a computerized symptom assessment system. 
Oncol Nurs Forum 2008;35:661–9.

 28. Jensen RE, Snyder CF, Abernethy AP, et al. Review of electronic 
patient-reported outcomes systems used in Cancer clinical care. J 
Oncol Pract 2014;10:e215–e222.

group.bmj.com on June 12, 2017 - Published by http://bmjopen.bmj.com/Downloaded from 

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.1080/02841860151116349
http://dx.doi.org/10.1001/archinternmed.2007.125
http://dx.doi.org/10.1038/bjc.2012.228
http://dx.doi.org/10.1007/s00520-004-0710-6
http://dx.doi.org/10.1089/jayao.2014.0023
http://dx.doi.org/10.1089/jayao.2014.0023
http://dx.doi.org/10.1002/cncr.21847
http://dx.doi.org/10.1007/s00520-014-2553-0
http://dx.doi.org/10.1007/s00520-014-2553-0
http://dx.doi.org/10.7314/APJCP.2013.14.2.1115
http://dx.doi.org/10.1177/1078155211436022
http://dx.doi.org/10.1093/annonc/mdq759
http://dx.doi.org/10.1007/s00520-010-0913-y
http://dx.doi.org/10.1007/s00520-010-0913-y
http://dx.doi.org/10.1188/07.ONF.1162-1167
http://dx.doi.org/10.1007/s00520-012-1448-1
http://dx.doi.org/10.1007/s00520-010-1073-9
http://dx.doi.org/10.1007/s00520-014-2577-5
http://dx.doi.org/10.1188/12.ONF.E31-E40
http://dx.doi.org/10.1016/S0020-7489(00)00106-1
http://dx.doi.org/10.1016/j.ejon.2011.05.002
http://dx.doi.org/10.1186/1477-7525-8-65
http://dx.doi.org/10.1016/j.ejon.2010.06.010
http://dx.doi.org/10.1016/j.ejon.2011.02.005
http://dx.doi.org/10.3322/caac.20093
http://dx.doi.org/10.1007/s00520-011-1270-1
http://dx.doi.org/10.1097/PPO.0b013e31822c28b3
http://dx.doi.org/10.1188/08/ONF.661-669
http://dx.doi.org/10.1200/JOP.2013.001067
http://dx.doi.org/10.1200/JOP.2013.001067
http://bmjopen.bmj.com/
http://group.bmj.com


 9Maguire R, et al. BMJ Open 2017;7:e015016. doi:10.1136/bmjopen-2016-015016

Open Access

 29. Gibson F, Aldiss S, Taylor RM, et al. Involving health professionals 
in the development of an advanced symptom management 
system for young people: the ASyMS-YG study. Eur J Oncol Nurs 
2009;13:187–92.

 30. Gibson F, Aldiss S, Taylor RM, et al. Utilization of the Medical 
Research Council evaluation framework in the development of 
technology for symptom management: the ASyMS-YG Study. 
Cancer Nurs 2010;33:343–52.

 31. Kearney N, Kidd L, Miller M, et al. Utilising handheld computers to 
monitor and support patients receiving chemotherapy: results of a 
UK-based feasibility study. Support Care Cancer 2006;14:742–52.

 32. Kearney N, McCann L, Norrie J, et al. Evaluation of a mobile phone-
based, advanced symptom management system (ASyMS) in the 
management of chemotherapy-related toxicity. Support Care Cancer 
2009;17:437–44.

 33. Maguire R, Cowie J, Leadbetter C, et al. The development of a side 
effect risk assessment tool (ASyMS(C)-SERAT) for use in patients 
with breast Cancer undergoing adjuvant chemotherapy. Journal of 
Research in Nursing 2009;14:27–40.

 34. Maguire R, McCann L, Miller M, et al. Nurse's perceptions 
and experiences of using of a mobile-phone-based Advanced 
Symptom Management System (ASyMS) to monitor and manage 
chemotherapy-related toxicity. Eur J Oncol Nurs 2008;12:380–6.

 35. Maguire R, Miller M, Sage M, et al. Results of a UK based pilot study 
of a mobile phone based advanced symptom management system 
(ASyMS) in the remote monitoring of chemotherapy related toxicity. 
Clin Eff Nurs 2005;9:202–10.

 36. McCall K, Keen J, Farrer K, et al. Perceptions of the use of a remote 
monitoring system in patients receiving palliative care at home. Int J 
Palliat Nurs 2008;14:426–31.

 37. Valderas JM, Alonso J. Patient reported outcome measures: a 
model-based classification system for research and clinical practice. 
Qual Life Res 2008;17:1125–35.

 38. Donaldson MS. Taking PROs and patient-centered care seriously: 
incremental and disruptive ideas for incorporating PROs in oncology 
practice. Qual Life Res 2008;17:1323–30.

 39. Bennett AV, Jensen RE, Basch E. Electronic patient-reported 
outcome systems in oncology clinical practice. CA Cancer J Clin 
2012;62:336–47.

 40. Vickers AJ. Prediction models in Cancer care. CA Cancer J Clin 
2011;61:n/a–26.

 41. Basch E, Deal AM, Kris MG, et al. Symptom monitoring with Patient-
Reported outcomes during routine Cancer treatment: a Randomized 
Controlled Trial. J Clin Oncol 2016:34:557–65.

 42. Kofoed S, Breen S, Gough K, et al. Benefits of remote real-time side-
effect monitoring systems for patients receiving Cancer treatment. 
Oncol Rev2012;6:7.

 43. Portenoy RK, Thaler HT, Kornblith AB, et al. The Memorial 
Symptom Assessment Scale: an instrument for the evaluation of 

symptom prevalence, characteristics and distress. Eur J Cancer 
1994;30A:1326–36.

 44. Cella DF, Tulsky DS, Gray G, et al. The Functional Assessment of 
Cancer therapy scale: development and validation of the General 
measure. J Clin Oncol 1993;11:570–9.

 45. Boyes A, Girgis A, Lecathelinais C. Brief assessment of adult Cancer 
patients' perceived needs: development and validation of the 34-
item supportive care needs survey (SCNS-SF34). J Eval Clin Pract 
2009;15:602–6.

 46. Spielberger CD, Gorsuch RL, Lushene R, et al; Manual for the 
State-Trait anxiety inventory. Palo Alto, CA: Consulting Psychologists 
Press, 1983.

 47. Wolf MS, Chang CH, Davis T, et al. Development and validation of 
the communication and attitudinal Self-Efficacy scale for Cancer 
(CASE-cancer). Patient Educ Couns 2005;57:333–41.

 48. Lerner D, Reed JI, Massarotti E, et al. The work Limitations 
Questionnaire's validity and reliability among patients with 
osteoarthritis. J Clin Epidemiol 2002;55:197–208.

 49. EuroQol (EQ-5D). Available online at. http://www. euroqol. org/ about- 
eq- 5d. html (Accessed September 2013).

 50. Beecham J, Knapp M. Costing psychiatric interventions. Thornicroft 
G, ed. Measuring Mental Health needs. London: Gaskell, 2001 201 24.

 51. National Cancer Institute. Common Terminology Criteria for adverse 
events (CTCAE V4.0). National Institute of Health 2009 http:// evs. nci. 
nih. gov/ ftp1/ CTCAE/ CTCAE_ 4.03_ 2010- 06- 14_ QuickReference_ 5x7. 
pdf (Accessed 16 August 2013).

 52. McCann L, Maguire R, Miller M, et al. Patients' perceptions and 
experiences of using a mobile phone-based advanced symptom 
management system (ASyMS) to monitor and manage chemotherapy 
related toxicity. Eur J Cancer Care 2009;18:156–64.

 53. Anderson R. New MRC guidance on evaluating complex 
interventions. BMJ 2008;337:a1937.

 54. Craig P, Petticrew M. Developing and evaluating complex 
interventions: reflections on the 2008 MRC guidance. Int J Nurs Stud 
2013;50:585–7.

 55. Mackenzie M, O'Donnell C, Halliday E, et al. Do health improvement 
programmes fit with MRC guidance on evaluating complex 
interventions? BMJ 2010;340:c185.

 56. Robling MR, Ingledew DK, Greene G, et al. Applying an extended 
theoretical framework for data collection mode to health services 
research. BMC Health Serv Res 2010;10:180.

 57. Ruland CM, Andersen T, Jeneson A, et al. Effects of an internet 
support system to assist Cancer patients in reducing symptom 
distress: a randomized controlled trial. Cancer Nurs 2013;36:6–17.

 58. Frison L, Pocock SJ. Repeated measures in clinical trials: analysis 
using mean summary statistics and its implications for design. Stat 
Med 1992;11:1685–704.

group.bmj.com on June 12, 2017 - Published by http://bmjopen.bmj.com/Downloaded from 

http://dx.doi.org/10.1016/j.ejon.2009.03.004
http://dx.doi.org/10.1097/NCC.0b013e3181cb4bad
http://dx.doi.org/10.1007/s00520-005-0002-9
http://dx.doi.org/10.1007/s00520-008-0515-0
http://dx.doi.org/10.1177/1744987108099235
http://dx.doi.org/10.1177/1744987108099235
http://dx.doi.org/10.1016/j.ejon.2008.04.007
http://dx.doi.org/10.1016/j.cein.2006.08.013
http://dx.doi.org/10.12968/ijpn.2008.14.9.31121
http://dx.doi.org/10.12968/ijpn.2008.14.9.31121
http://dx.doi.org/10.1007/s11136-008-9396-4
http://dx.doi.org/10.1007/s11136-008-9414-6
http://dx.doi.org/10.3322/caac.21150
http://dx.doi.org/10.3322/caac.20118
http://dx.doi.org/10.1200/JCO.2015.63.0830
http://dx.doi.org/10.4081/oncol.2012.e7
http://dx.doi.org/10.1016/0959-8049(94)90182-1
http://dx.doi.org/10.1200/JCO.1993.11.3.570
http://dx.doi.org/10.1111/j.1365-2753.2008.01057.x
http://dx.doi.org/10.1016/j.pec.2004.09.005
http://dx.doi.org/10.1016/S0895-4356(01)00424-3
http://www.euroqol.org/about-eq-5d.html
http://www.euroqol.org/about-eq-5d.html
http://evs.nci.nih.gov/ftp1/CTCAE/CTCAE_4.03_2010-06-14_QuickReference_5x7.pdf
http://evs.nci.nih.gov/ftp1/CTCAE/CTCAE_4.03_2010-06-14_QuickReference_5x7.pdf
http://evs.nci.nih.gov/ftp1/CTCAE/CTCAE_4.03_2010-06-14_QuickReference_5x7.pdf
http://dx.doi.org/10.1111/j.1365-2354.2008.00938.x
http://dx.doi.org/10.1136/bmj.a1937
http://dx.doi.org/10.1016/j.ijnurstu.2012.09.009
http://dx.doi.org/10.1136/bmj.c185
http://dx.doi.org/10.1186/1472-6963-10-180
http://dx.doi.org/10.1097/NCC.0b013e31824d90d4
http://dx.doi.org/10.1002/sim.4780111304
http://dx.doi.org/10.1002/sim.4780111304
http://bmjopen.bmj.com/
http://group.bmj.com


remote technology for patients with cancer
symptom management system (ASyMS) 
symptom management using the advanced
controlled trial to evaluate electronic 
The eSMART study protocol: a randomised

Stylianos Katsaragakis, Alison R Buick and Nora Kearney
Harris,Flowerday, Peter Donnan, Paul McCrone, Kathi Apostolidis, Jenny 

Armes, Elisabeth Patiraki, Alexander Gaiger, Geir V Berg, Adrian
Grigorios Kotronoulas, Morven Miller, Eileen Furlong, Emma Ream, Jo 
Roma Maguire, Patricia A Fox, Lisa McCann, Christine Miaskowski,

doi: 10.1136/bmjopen-2016-015016
2017 7: BMJ Open 

 http://bmjopen.bmj.com/content/7/5/e015016
Updated information and services can be found at: 

These include:

References
 #BIBLhttp://bmjopen.bmj.com/content/7/5/e015016

This article cites 54 articles, 6 of which you can access for free at: 

Open Access

 http://creativecommons.org/licenses/by-nc/4.0/non-commercial. See: 
provided the original work is properly cited and the use is
non-commercially, and license their derivative works on different terms, 
permits others to distribute, remix, adapt, build upon this work
Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
This is an Open Access article distributed in accordance with the Creative

service
Email alerting

box at the top right corner of the online article. 
Receive free email alerts when new articles cite this article. Sign up in the

Collections
Topic Articles on similar topics can be found in the following collections 

 (400)Oncology

Notes

http://group.bmj.com/group/rights-licensing/permissions
To request permissions go to:

http://journals.bmj.com/cgi/reprintform
To order reprints go to:

http://group.bmj.com/subscribe/
To subscribe to BMJ go to:

group.bmj.com on June 12, 2017 - Published by http://bmjopen.bmj.com/Downloaded from 

http://bmjopen.bmj.com/content/7/5/e015016
http://bmjopen.bmj.com/content/7/5/e015016#BIBL
http://creativecommons.org/licenses/by-nc/4.0/
http://bmjopen.bmj.com//cgi/collection/bmj_open_oncology
http://group.bmj.com/group/rights-licensing/permissions
http://journals.bmj.com/cgi/reprintform
http://group.bmj.com/subscribe/
http://bmjopen.bmj.com/
http://group.bmj.com

