
Abstract 

In Australia, the incidence of cancer diagnoses is rising along with an
aging population. Cancer treatments, such as chemotherapy, are
increasingly being provided in the ambulatory care setting. Cancer treat-
ments are commonly associated with distressing and serious side-
effects and patients often struggle to manage these themselves without
specialized real-time support. Unlike chronic disease populations, few
systems for the remote real-time monitoring of cancer patients have
been reported. However, several prototype systems have been developed
and have received favorable reports. This review aimed to identify and
detail systems that reported statistical analyses of changes in patient
clinical outcomes, health care system usage or health economic analy-

ses. Five papers were identified that met these criteria. There was wide
variation in the design of the monitoring systems in terms of data input
method, clinician alerting and response, groups of patients targeted and
clinical outcomes measured. The majority of studies had significant
methodological weaknesses. These included no control group compar-
isons, small sample sizes, poor documentation of clinical interventions
or measures of adherence to the monitoring systems. In spite of the lim-
itations, promising results emerged in terms of improved clinical out-
comes (e.g. pain, depression, fatigue). Health care system usage was
assessed in two papers with inconsistent results. No studies included
health economic analyses. The diversity in systems described, outcomes
measured and methodological issues all limited between-study compar-
isons. Given the acceptability of remote monitoring and the promising
outcomes from the few studies analyzing patient or health care system
outcomes, future research is needed to rigorously trial these systems to
enable greater patient support and safety in the ambulatory setting.

Introduction

The burden of cancer and treatment
In 2007, over 108,000 new cases of cancer were diagnosed in

Australia. One in 2 Australians are diagnosed by the age of 85.1 Cancer
care is increasingly being provided in the ambulatory care setting with
patients commonly receiving chemotherapy and radiotherapy on an
outpatient basis. Chemotherapy is a core treatment for cancer.
However, related toxicity can often lead to distressing and even poten-
tially life threatening side-effects (e.g. nausea, vomiting, mucositis,
diarrhea and febrile neutropenia).2-11 While some side-effects, such as
fatigue and mucositis, are not in themselves life threatening, they are
associated with poorer treatment compliance, impaired quality of life,
and increased infections and time spent in hospital.12-14 Fatigue also
has a significant impact on patient quality of life and is associated
with mood disturbance.14 Radiotherapy, a second core treatment for
cancer, is also associated with distressing side effects (differing
according to the site of individual treatment) which may include
fatigue, mucositis, and gastrointestinal dysfunctions including diar-
rhea.15-19 Many patients also require surgery for their disease and will
often experience significant post-surgical problems, such as pain.20 In
addition to treatment-associated morbidity, many cancer patients are
required to deal with the symptom burden related to the disease itself.
High symptom burden in patients with cancer is also a significant risk
factor for adverse psychological adjustment.21

In the ambulatory care setting, patients are required to closely mon-
itor and manage a range of potentially diverse and complicated side-
effects, without readily available clinical support. Patients are respon-
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sible for making potentially complex decisions about when to contact
the treatment team in the event of new, escalating or unexpected side-
effects. Given that many cancer treatments are highly distressing and
may be immunosuppressive, timely response to side-effects is vital to
optimize patient management and prevent deterioration. It is, there-
fore, imperative that strategies are in place to assist patients to man-
age and monitor their side-effects whilst receiving outpatient cancer
treatments.

Benefits of telemedicine in chronic disease
Telemedicine devices that allow for the remote, real-time monitoring

of symptoms may be a cost-effective strategy to optimize cancer care in
the community. Devices which remotely collect and send data to a mon-
itoring station for interpretation and action by a clinician are increas-
ingly being used in the management of chronic diseases, such as dia-
betes, asthma, heart failure, chronic obstructive pulmonary disease
and chronic wound management.22-27 Research has shown that remote
monitoring systems in chronic diseases can lead to improved patient
quality of life, symptom control and wound healing rates, reduced lower
limb amputations, decreased emergency room visits and unplanned
hospitalizations, fewer bed days of care, decreased nursing home
admissions in the elderly and decreased overall costs to the health sys-
tem.26-29 It is likely that such systems could potentially benefit cancer
patients undergoing active treatment in the ambulatory setting, as pre-
vious research utilizing submission of daily pen-and-paper measures
(linked to defined nursing response algorithms) in chemotherapy
patients resulted in significant improvements in side-effects such as
nausea and vomiting.30 The ability to monitor chemotherapy patients at
a distance in real-time via remote electronic devices should, therefore,
also provide patient and health system benefits.

Prototype remote side-effect monitoring systems for
patients with cancer
The earliest reported remote monitoring system used a touch-pad

landline phone connected to a computer controlled digitized speech
program.31 Patients called into the system daily and spoke to the system
by pressing keys or talking into the receiver. The prevalence of eight
key chemotherapy symptoms was reported alongside more detailed
information, such as fluid intake and use of medications. Pre-set
response thresholds enabled clinicians to be automatically faxed and
action taken when patient responses exceeded these limits. Patient
compliance with system usage was 75% with the majority of patients
expressing satisfaction, finding it easy to use and finding the system
increased awareness of side-effects and patterns over time. However,
patients noted that the system needed to include additional symptoms
for monitoring.
A group of studies by Lind et al. report on the first use of mobile

phone technology to transmit data from a Bluetooth digital pen/digital
paper pain diary.32-34 This system aimed to improve pain control in pal-
liative cancer patients and also kept record of the pain medications
taken. Patients completed diary entries three times a day and alerts of
increases in pain were transmitted to the treatment team where they
were printed and action was taken by a doctor or nurse. Initially, clini-
cians had low expectations of the system and the ability of patients to
use it and struggled with changing their usual clinical practices.
However, clinicians subsequently reported an increased awareness of
patient pain and increased patient participation in their care.33 While
patients initially had some difficulty understanding the technology,
they reported that it was generally easy to use, that it improved contact
with the clinical team and that it made them feel more secure.34

Another prototype system that used personal digital assistants for
real-time remote monitoring of cancer patients was known as the

handheld management system.35 This system was developed for
patients with lung and colorectal cancers undergoing chemotherapy.
Patients were asked to answer five symptom questions a day with high
scores alerting nurses via a pager system to contact patients via phone.
The system also provided tailored self-care messages to patients who
reported experiencing symptoms as well as general cancer and treat-
ment information. Study interview data from patients and nurses indi-
cated that the system was easy to use, had the potential to improve
symptom management and communication, provided reassurance and
support, promoted early detection, and did not disrupt daily routines.
Some technical issues around questionnaire submission may have,
however, contributed to sub-optimal patient adherence.
A second system, the Advanced Symptom Management System

(ASyMS©) has several different versions for patients with cancer
undergoing chemotherapy, receiving palliative treatment or for adoles-
cents undergoing chemotherapy.36-42 ASyMS© uses Smart Phone tech-
nology to measure patient temperature and common treatment side-
effects twice daily. Alerts are generated when patient questionnaire
responses exceed pre-set levels. Alerts are received by a dedicated
pager system and classified as either red for urgent action (relating to
potentially life-threatening events) or as amber where non-urgent clin-
ical intervention was required. Nurses responding to alerts access a
secure website to view patient data reports and then contact patients to
provide clinical intervention. Patient devices also provide self-care
information to assist in side-effect management based upon reported
symptoms, in addition to cancer and treatment information and histor-
ical side-effect profiles. Patient and nurse interviews in these studies
reported that the system was easy to use,32-38 enhanced communica-
tion,35,37 increased patient reassurance and support,33,35,37,38 promoted
patient understanding of treatment,37,38 assisted with symptom man-
agement,32-34,36 and promoted timely intervention.33,34,37

Weaver et al.43 also developed a mobile phone based system for
patients with colon cancer receiving chemotherapy. This system also
focused on temperature and common chemotherapy side-effects, and
was linked to a red/amber pager alerting system alongside self-care
information and historical side effect profiles. Interviews following use
of this system indicated that patients and nurses were confident of
using it and that patients felt less bothersome to nurses and more reas-
sured. Two further studies44,45 have employed a device known as a
Health Buddy to remotely monitor side effects in head and neck cancer
patients undergoing either chemotherapy, radiotherapy or surgery.
Patients answered questions daily (the number and type of questions
differed with the treatment received) via a landline phone. Patients
were provided with self-care advice and instructions on what they
should do according to the symptoms reported. This system did not gen-
erate alerts, but rather clinicians viewed patient data daily and only
contacted patients if symptoms or side-effects were escalating or unre-
solved. In line with other cancer remote monitoring systems, patients
reported feeling reassured, more satisfied with communication and
thought they had better knowledge, understanding and management of
their symptoms. Patient compliance with completing questionnaires
was high in both studies at 84% and 86%; this was unrelated to demo-
graphic variables but positively correlated with patient quality of life.
While the initial perceptions of using remote monitoring systems in

cancer have been positive, it is still imperative to understand whether
the use of such systems positively and significantly impact on both
patient clinical outcomes, healthcare system usage and health system
costs. This review aimed to identify and evaluate studies which quan-
tified changes in patient outcomes and/or health care system usage
and costs following the implementation of remote side-effect monitor-
ing systems for patients with cancer undergoing treatment in the
ambulatory care setting.

Review



Materials and Methods

Selection process
Studies assessing and quantifying the outcomes of remote monitor-

ing systems in cancer were identified by searching the literature from
the period January 2000 and June 2011. The electronic databases
Medline, INAHL and PsycINFO and EMBASE were searched. The follow-
ing search terms were used: cancer OR (MH Neoplasms) AND phone
OR (MH cellular phone) OR telecommunications OR (MH
Telecommunications) OR remote monitoring OR telehealth OR (MH
Telemedicine) AND care OR (MH Ambulatory Care). In addition, we
hand-searched Telemedicine and e-HEALTH and the Journal of
Telemedicine and Telecare for articles not retrieved by our search strat-
egy. Reference lists of articles retrieved were also hand-searched.
Inclusion criteria were studies that: i) remotely monitored cancer

treatment side effects (i.e. in the ambulatory care setting) with the aid
of a technological interface (e.g. computer; mobile phone); and ii)
quantified changes in patient outcomes; or iii) quantified changes in
health care system utilization; or iv) quantified changes in health sys-
tem costs. 
Exclusion criteria included studies of: i) phone call or video assess-

ments initiated by a health professional or outreach calls; ii) technolo-
gy used to capture symptom information immediately before an
appointment or on the day of presentation for treatment; iii) centers for
patients to call with symptom concerns or need for advice; iv) telemed-
icine facilities for communication between health professionals (e.g.
multidisciplinary meetings at more than one site, second opinions,
support for rural practitioners, centralized pathology review); and v)
studies reporting only on the development of system prototypes and/or
with no statistical analyses of pre-specified patient or health service
outcomes/variables.

Study variables
The study variables used for reviewing papers included: country of

origin, year of publication, study design, study hypotheses, patient and
clinician population, sample size, description of the remote monitoring
systems (data collection, alerting systems, clinical responses, duration
and frequency of monitoring), patient and clinician adherence to use
of the monitoring system, previous publication of the monitoring sys-
tem, patient clinical and health system usage outcomes, health eco-
nomic analyses, and any potential sources of bias. In addition the level
of evidence associated with each study design was categorized using
National Health and Medical Research Council of Australia guide-
lines.46 These categories reflect the level of bias inherent in different
study designs when assessing the effectiveness of health interventions
with a lower number (e.g. I or II) indicating less bias than a higher
number (e.g. III or IV).

Analysis
Assessment of studies identified in relation to pre-specified study

variables was undertaken independently by three authors (SK, SB and
KG). These assessments were then compared and any discrepancies
discussed until agreement was reached.

Results

Twenty-five studies that centered on a real-time remote symptom
monitoring system in cancer patients were identified (Figure 1). Of
these, five papers met the inclusion criteria including one case control
study,47 one post test case series48 and three randomized controlled tri-

als (RCT).49-51 The systems examined in these studies have the com-
mon basis of employing a remote device (such as a Smart Phone or
automated interactive telephone calls) to facilitate the generation of
alerts when symptoms or side-effects reach a pre-defined threshold of
severity. These alerts are then transmitted to a health center for a
response. The user interfaces, data gathered, health setting, alerting
mechanisms, health professionals and clinical interventions provided
also varied widely. Three of the papers47-49 also reported the automated
provision of tailored self-care advice to the patients experiencing side-
effects in addition to clinical interventions. A summary of the systems
tested is shown in Table 1.

Clinical outcomes
The methodological designs, sample populations and sizes, as well

as the outcomes measured, varied considerably and are summarized in
Table 2. 
Kearney et al.49 found that patients in the intervention group report-

ed less fatigue post chemotherapy in a randomized controlled trial.
However, there was no significant difference in reports of vomiting,
nausea, diarrhea, sore mouth or throat between the two study arms.
The authors also noted an unexplained decrease in prevalence, severi-
ty and distress caused by hand-foot syndrome in the control group. 
Benefits seen in the intervention group of an RCT by Kroenke et al.50

included lower severity of pain and greater improvement in depression
across the study period. The intervention group also reported greater
improvement in some secondary end points, including the Sheehan
Disability Scale, individual domains of Health Related Quality of Life
(HRQOL) measures, anxiety and physical symptom burden.
Differences in self-reported disability days, physical health and overall
quality of life were not statistically significant. Interestingly, this study
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Figure 1. Summary of papers identified and subsequently exclud-
ed/included in this review. 
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also had additional scheduled remote patient follow up by clinicians in
addition to responding to remotely reported patient symptoms.
Cleeland et al.51 found that in their RCT of post-thoracotomy patients

the intervention group had a significantly greater reduction in post-
operative symptom threshold events; these had been pre-defined in
consultation with thoracic surgery staff. The intervention group also
saw a more rapid decline in numbers of events and had less interfer-
ence with their activities of daily living. There were no statistically sig-
nificant differences in self-reported severity of symptoms between the
two study arms; however, the study was underpowered.
The post test case series performed by Chumbler et al.48 studied the

effect on HRQOL in 34 patients utilising a home telehealth program.
They demonstrated that HRQL in this small population increased over
a 6-month period. In the absence of a control group comparison, the
possibility that this was due to response shift or another confounding
variable cannot be ruled out.

Healthcare system outcomes 
Only two papers reported on health care system outcomes. Building

on their post test case series, Chumbler et al.47 performed a matched
case-control study examining the impact of a remote symptom monitor-
ing system on healthcare use among veterans undergoing chemother-
apy. They demonstrated a decrease in the use of a number of prevent-
able services but did not perform an economic analysis. In their study,
Kroenke et al.50 did not observe any statistically significant difference
in hospital days and emergency department visits between their two
groups. No study performed any cost-benefit or other health economic
analyses. This is possibly related to limitations in the medical record
whereby all variables required to complete these complex assessments
may not have been consistently registered.

Study strengths and limitations
A summary of the strengths and limitations is provided in Table 3.

Comparisons of results between studies were limited by differences in
design, outcomes measured, monitoring systems and methodologies
used. Study limitations included small sample sizes (underpowered
analyses), participant selection bias, population generalizability and
low levels of evidence linked to study design.46 However, despite the
limitations, significant differences were observed in RCTs and the
improvements and changes reported in patients were generally robust.

Discussion

To date there have been few studies in the cancer population of the
impact of telecommunication-based devices that regularly collect data
from patients at home and transmit the results to a healthcare profes-
sional for response in real-time. Given the distressing and serious side-
effects that are common during and following cancer treatments2-21

this is surprising given the apparent cost-effectiveness of these sys-
tems in chronic disease patients. This review aimed to identify papers
that not only described remote monitoring systems in cancer patients,
but also statistically analyzed patient clinical and health care system
outcomes. Only five published trials were found, of which three were
RCTs and of these only one was sufficiently powered. No studies were
completed within the context of the Australian health care system. 
The majority of the studies had several methodological limitations

which include using the same questionnaire for the intervention and
outcome measure,49 heterogeneous populations precluding more pre-
cise estimates of treatment effect in specific types or stages of can-
cer,47-50 less complete assessment of outcome measures in the control

group,50 eligibility criteria requiring the presence of the symptom at
trial commencement50 and the control group using the automated sys-
tem without response such that the control group was in effect no
longer receiving usual care.51 These limitations together with the dif-
ferences in remote monitoring systems and patient populations
reduced our ability to generalize or confirm the findings of previous tri-
als and to make cross-study comparisons. Essentially, the available
RCTs have examined three separate complex interventions and it is
practically impossible to make a comparison between them. It is also
difficult to know whether changes in patient and health system out-
comes are due to the symptoms monitored, the frequency of monitor-
ing, the technological interface, the person and/or algorithms guiding
responses to the alerts, or whether or not automatic self-care advice is
given. 
Despite the limitations, there have been some promising results to

guide future research. Of note, the adequately powered study by
Kroenke et al.50 demonstrated clinically significant intervention effects
on the primary end points (pain and depression) as well as other sec-
ondary outcomes. It must be remembered, however, that this study was
conducted in patients with pre-existing pain or depression so the
results may not be generalized to those without a pre-existing condi-
tion. Although the study by Cleeland et al.51 was underpowered, it did
demonstrate large between-group differences in post-thoracotomy
symptom threshold events overall, and larger future studies may be
able to identify differences within individual symptoms and severity.
Remote symptom monitoring systems may reduce fatigue post
chemotherapy.49 Fatigue is a common and often overlooked side-effect
which is difficult to manage and is linked with poor HRQOL and mood
disturbance.
It is interesting that while reassurance was a key theme that

emerged from the previous qualitative studies, none of the RCTs in this
review included anxiety as a primary outcome measure. Kearney et
al.49 did examine the distress associated with each of the side-effects
and the differences between the two groups; however, they did not
include a measure of overall anxiety. The study by Kroenke et al.50 was
the only study to measure anxiety as a secondary outcome and found
that it was significantly reduced in the intervention monitoring group.
Alongside improvements in depression, this suggests that remote mon-
itoring shows promise for improving patient psychological as well as
physical outcomes. 
Despite the fact that patients were monitored less often and were

not provided with automated self-care advice, the results from the study
by Kroenke et al.50 are the most convincing evidence for the effective-
ness of remote monitoring in a wide-variety of cancer patients. This
system differs from the others in that a team of people (nurse, psychi-
atrist and oncologist) are involved in the management of the symptoms
reported in a structured and consistent manner, rather than the
responsibility falling on one person. This may have influenced the qual-
ity of the intervention and hence the outcome of the trial. In addition,
interventions were guided by previously published evidence-based clin-
ical algorithms (including pharmacotherapy) that were not reported in
the other studies. This system and associated intervention also differed
from all of the others in that scheduled remote follow ups with patients
were completed in addition to responding ad hoc to problematic symp-
toms. The contribution that this may have made to the overall study
results is unclear. The success of this study may just be that it is easi-
er to show improvements in pre-existing symptoms when compared
with aiming to prevent symptoms or future side-effects.
No study clearly documented both nurse and patient adherence to

the use of the remote monitoring systems or reported on the appropri-
ateness of actions taken or whether they were consistent with any pre-
defined clinical response algorithms. Those systems providing patients
with self-care advice were also unable to report on the frequency of
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patient access to this information, or more importantly, whether the
patients used the information provided. Cleeland et al.51 reported that
only a subset of threshold events triggered clinician responses which
may have also affected study outcomes. Kearney et al.49 provided very
little information about clinical interventions instituted in response to
alerts so it is difficult to tell whether or not they were consistent across
the study and between study sites.
Although not randomized, the case-control study by Chumbler et

al.48 demonstrated promising benefits to the healthcare system in
terms of unplanned presentations and bed days of care. Given that the
introduction of a new technology has a price attached to it, there is a
need to establish that this cost is offset by the clinical impact of using
these devices. No health economic analyses of remote real-time moni-
toring devices in cancer were identified in the peer-reviewed literature.
These studies are necessary if there is to be widespread uptake of this
type of technology as healthcare administrators are unlikely to fund an
intervention that does not have economic benefit. It is important to
remember that technology such as remote monitoring does not replace
face-to-face patient contact but complements it. As such, there are
costs associated with the provision of the technology for patient use,
data transfer charges and time taken for the health professional to
monitor and respond to such systems. Whether these then decrease
health care system costs across the board is a broader issue. Not only
is it important to measure inpatient and outpatient costs and health
care system usage, it is also necessary to consider other costs that may
be incurred by the patient from the implementation of these models of
care, for example, visits to general practitioners or other community
health services. Newer technology being developed may also mean that
additional parameters could be measured in the ambulatory care set-
ting when needed (e.g. blood tests) and the costs of devices to allow this
also need to be factored into future cost analyses.
All of the studies included in this review have been published in the

past five years which suggests that this is an emerging facet of cancer
care. However, in addition to the completion of more rigorous studies
to fully assess cost-effectiveness of such remote monitoring systems,
health services also need to think about how such care provision can be
funded given the limitations of current systems. It is also possible that
such remote monitoring will not prove cost-effective for all patients
undergoing treatment. The successful study of Kroenke et al.50 only
looked at patients who already had significant clinical issues. It is,
therefore, possible that such systems may only be cost-effective for
those cancer patients who are at high risk of adverse outcomes due to
high toxicity treatments (e.g. hematological cancer patients), already
symptomatic or who have significant co-morbidities. Future research
should also focus on these groups when considering cost-benefits of
remote monitoring systems.

Conclusions and future directions

There are very few studies examining the outcomes of real-time
remote symptom monitoring devices in patients with cancer. There is
some evidence that they can reduce morbidity and prevent unplanned
hospitalizations. However, results are mixed. It is very difficult to make
generalizations given that there is no consistency in the monitoring
devices used, disease type, treatments, side-effects or symptoms mon-
itored, and breadth of management and interventions. More sufficient-
ly powered randomized control trials, which also assess adherence to
the intervention and include a full economic analysis, are warranted. A
full examination of these benefits is a key priority within the
Australian health care system alongside an exploration of health care
funding models to support their implementation. With the aging of the
population, and the resultant increase in cancer diagnoses, it is vital to

explore systems to provide ambulatory care in a safer and more eco-
nomically viable manner as well as to potentially target high-risk
groups who would benefit most from such interventions. 
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