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Abstract: This review aimed to identify research that described how eHealth facilitates
interdisciplinary cancer care and to understand the ways in which eHealth innovations are being
used in this setting. An integrative review of eHealth interventions used for interdisciplinary care
for people with cancer was conducted by systematically searching research databases in March 2015,
and repeated in September 2016. Searches resulted in 8531 citations, of which 140 were retrieved
and scanned in full, with twenty-six studies included in the review. Analysis of data extracted from
the included articles revealed five broad themes: (i) data collection and accessibility; (ii) virtual
multidisciplinary teams; (iii) communication between individuals involved in the delivery of health
services; (iv) communication pathways between patients and cancer care teams; and (v) health
professional-led change. Use of eHealth interventions in cancer care was widespread, particularly to
support interdisciplinary care. However, research has focused on development and implementation
of interventions, rather than on long-term impact. Further research is warranted to explore design,
evaluation, and long-term sustainability of eHealth systems and interventions in interdisciplinary
cancer care. Technology evolves quickly and researchers need to provide health professionals with
timely guidance on how best to respond to new technologies in the health sector.

Keywords: eHealth; interdisciplinary; cancer

1. Introduction

Globally, cancer is recognized as a significant cause of morbidity and mortality. A 2012 report
estimated that there are approximately 14 million new cases of cancer diagnoses each year, a rate set to
increase by 70% over the next twenty years [1]. The significant global impact of the condition has been
recognized by the World Health Organization who have set a target to reduce premature mortality
from cancer, alongside cardiovascular disease, diabetes and chronic respiratory disease, by 25% before
2025 [2].

In order to improve outcomes and optimize the delivery of care to patients, the health workforce
has been moving towards the use of interdisciplinary approaches to care. The term interdisciplinary
describes the act of collaboration between a group of professionals for a shared purpose [3].
The interdisciplinary approach is widespread in the health sector, and is frequently facilitated
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through the use of multidisciplinary teams (MDTs) for the delivery of care. MDTs are a sub-set
of interdisciplinary care, describing a cohesive group of health professionals who work together on a
regular basis. The literature indicates that the primary function of MDTs is to bring together health
professionals from multiple disciplines, including radiology, surgery, nursing and allied health, to
deliver evidence-based treatment for individual patients, often through a regular team meeting [4].
Interdisciplinary teams are less formalized structures then MDTs, in which members work between
their disciplines to provide a coordinated process of assessment, interpretation, intervention planning
and implementation [3,5], rather than from within the boundaries of their own specific disciplines, as
is the case for multidisciplinary care [5]. This is particularly pertinent in cancer care where multiple
treatments and providers need to be coordinated to enable effective treatment and outcomes [6].
In many countries, MDTs have been recognized as the gold standard for the delivery of care, including
in the United Kingdom, where the value of MDTs has been acknowledged at a policy level, and their
use is the preferred means of delivering care [7].

MDTs are at the heart of interdisciplinary cancer care [8]. Other forms of interdisciplinary
interactions also occur in the sector, including the use of interdisciplinary governance structures
to oversee cancer clinics within organizations [9]. Although not specific to cancer care, it has been
acknowledged in the literature that cooperation between health professionals has many advantages,
including the ability to improve job satisfaction and mental health of members within a team [10] and
improve the cost-effectiveness and quality of care delivered to patients. Despite the many advantages
of interdisciplinary care, challenges such as interpersonal conflicts between professionals [8] and lack
of organizational support [11] need to be overcome to enable effective cooperation among MDTs.
The optimal use of technology has been recognized as a key component in overcoming some of
the challenges inherent in interdisciplinary health care by improving access to information across
care settings and overcoming the logistics of creating linkages between primary and tertiary care
providers [12].

Recent literature suggests that integrating ICTs (information communication technology) into
MDTs working with brain injury patients has the potential to improve the delivery of care for
these patients [13]. Furthermore, research suggests a potential benefit for using ICTs to standardize
cancer care and improve the collection of clinical data [14]. In spite of this, research into the use of
technology in interdisciplinary cancer care is varied and, at present, there is limited understanding
about the breadth and effectiveness of ICT use in multidisciplinary cancer care. This review aimed to
identify articles that describe how eHealth facilitates collaboration in interdisciplinary cancer care, and
understand the ways in which these eHealth innovations are being used in this setting. In the context of
this review eHealth was defined as “the application of information and communications technologies
(ICTs) across the whole range of functions that affect health” [15]. This is a broad definition that
includes health informatics, health monitoring, telehealth, mobile and app technologies, social media,
and online learning.

2. Materials and Methods

A systematic search was conducted in March 2015 to identify articles that described how
technology facilitates collaboration in interdisciplinary cancer care. To identify more recent publications
relevant to the review, the search was repeated using Embase and Medline (via OvidSP) in September
2016. There was no registered protocol for the review.

2.1. Inclusion Criteria

The review included articles that reported findings from studies on eHealth and interdisciplinary
care and cancer. eHealth was defined as the use of technology to support patient care, education, and
research. This included health informatics, health monitoring, telehealth, mobile and app technologies,
social media, and online learning. Cancer care was defined as any form of cancer or oncological care.
Interdisciplinary was defined as relating to more than one branch of knowledge in care provision,
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i.e., a team of health professionals working collaboratively was considered interdisciplinary if they
were from different disciplines or from the same discipline but had different sub-specialties, such as in
medicine. The review included both diagnostic and interventional studies. Additionally, our criteria
required that the articles were published in a peer-reviewed journal article, written in English, and
only included human subjects.

Articles were excluded from the review if they were written in a language other than English,
described robotic surgery, focused on online professional development, or reported on the use of
analogue technologies such as the facsimile or telephone.

2.2. Search Criteria

A search was conducted in the following electronic databases, academically recognized in the field
of health: CINAHL; PubMed; OvidSP (EBM Reviews; Cochrane Database of Systematic Reviews; ERIC;
MEDLINE; PsycINFO; The Joanna Briggs Institute EBP Database). Reference lists of articles which
met the inclusion criteria were identified and manually searched for further sources. Titles containing
any of the search keywords were highlighted and abstracts and/or full papers were searched to assess
the eligibility for inclusion. Refer to Table 1 for an example of the search strategy implemented into
databases. This entry style was modified as required for use in each database searched.

Table 1. Example of the search strategy implemented into databases.

Step Key Words

(eHealth) apps OR digital OR eHealth OR elearning OR electronic health record * OR emedicine OR ePrescribing OR
etherap * OR health technolog * OR ICT OR instant messag * OR information technolog * OR internet OR mhealth OR

1 MMS OR mobile * OR online OR podcast * OR smartphone * OR SMS OR social media OR technolog * OR telecare OR
telehealth OR telemedicine OR telerehabilitation OR telecommunication * OR teleconference * OR videoconference * OR
virtual OR web * based OR website *

(interdisciplinary) interdisciplinarity OR interdisciplinary OR collaborat * OR mulitdisciplinary OR team * OR

2 transdisciplinary OR interprofessional
3 land 2
4 (cancer) blastoma OR cancer * OR carcinoma * OR leukaemia OR leukemia OR lymphoma OR lymphedema OR

malignant OR melanoma OR mesothelioma OR metast * OR neoplas * OR pseudomixoma OR sarcoma OR tumo *
5 3and 4

* Symbol denotes search has been boarded by finding words that start with the same letters, but have
different endings.

2.3. Study Selection

Search results were exported into the referencing software EndNote ((EndNote X8 (Bld 10063)) for
sorting; duplicate and incomplete entries were scanned and removed. For the remaining references,
the specified exclusion criteria were applied to remove irrelevant articles based on the title, then
title and abstract. The full text was then retrieved and five independent reviewers (authors 1, 2, 3,
5, and 6) assessed eligibility. If the eligibility of the paper was still unclear after reviewing the full
text, a consensus decision was made following discussion between the reviewers. Studies that were
mutually agreed upon by all reviewers as eligible were selected to be included in the review.

The initial search of the relevant databases returned 8525 citations. Once duplicates (n = 2459)
and incomplete citations (1 = 616) were removed, 5450 remained to be reviewed by the research team.
An additional 4615 articles were excluded on title alone, and a further 461 were excluded based on
title and abstract. A full text review of the remaining 139 articles eliminated an additional 113, leaving
25 articles in the final review. The search was repeated in September 2016, identifying six citations
published since the initial search was conducted. Of these, one duplicate was removed, and four were
excluded on title and abstract, leaving one additional article for inclusion following full text review,
meaning 26 articles were included in the review. Refer to Figure 1 to see the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) [16] flow diagram of the search strategy.
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) [16] flow
diagram of the search strategy.

2.4. Data Extraction and Analysis

Data was extracted systematically from the included studies by three authors (authors 2, 5, and 6).
The following information was extracted from each article included in the review: (i) citation (including
country); (ii) eHealth component (i.e., ICT applied specifically to support health and well-being); (iii)
interdisciplinary component (i.e., the collaborative process supported by the ICT); (iv) cancer type; (v)
setting; and (vii) study design. No standardized tools were used to conduct a formal assessment of the
quality of the studies. Results for this review are presented as a qualitative synthesis of descriptive
data. An integrative analysis of findings was conducted, where individual categories in the results of
each study were identified and coded to identify themes [17] that emerged across the studies.

3. Results
An analysis of the data extracted from the 26 included articles [7,18—42] revealed five broad
themes:
1.  Data collection and accessibility (1 = 2)
2. Virtual multidisciplinary teams (1 = 12)
3. Communication between individuals involved in the delivery of health services (1 = 5)
4. Communication pathways between patients and cancer care teams (1 = 4)
5. Health professional-led change (1 = 3)

Refer to Table 2 to see an overview of the articles, the theme that they align with, the eHealth
component of the study, and the multidisciplinary component of the study.
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Table 2. Overview of the articles, themes, eHealth components, and interdisciplinary components of the included studies articles.

Reference Methodology eHealth Component Multidisciplinary Component

Theme One: Data collection and accessibility

Developed web-based software on a Microsoft 2000 SQL Server database. Engaged with junior and senior doctors, specialist nurses,

Raptis, D.A. et al., The software design is available as open access and can be requested for ~ endoscopy unit, imaging department, the clinical risk

Qualitative

2011 [35] free from the authors for implementation in any national health system management committee, and patients, in development of this
worldwide. system.
Simo, R.P. etal,, Integrated media presentation (Microsoft PowerPoint) presented in e a1 .
2009 [39] Other multidisciplinary team meetings 1. Multidisciplinary head and neck meeting.
Theme Two: Virtual Multidisciplinary Teams
Fielding, RM. et al., L Using videoconferencing technology to conduct multidisciplinary team g1 2
2005 [22] Qualitative meetings with health professionals at different sites. Connected breast multidisciplinary team < members.
Fitzpatrick, D.D. et al., Qualitative Using videoconferencing technology to connect health professionals in ;Oar:;eZii;?i}atz?eirtlscglizgij;isﬁ i?}? Ls?rrlif?;:gr the
2012 [23] order to conduct virtual consultations (VCP)s. gem P & P
compression.
Jalil, RM. et al., 2013 [7] Qualitative Using videoconferencing technology in multidisciplinary team meetings Participants included urologists, gastrointestinal surgeons,
T i & & 8y P y &% oncologists, cancer nurses, radiologists and histopathologists.
Kunkler, L.H. et al,, Cluster randomized  Using videoconferencing technology to conduct multidisciplinary team Connected breast MDT: surgeons, radiologists, pathologists,
2007 [28] controlled trial meetings with health professionals at different sites. oncologists, breast care nurses.
Kunkler, LH. et al,, Mixed Using videoconferencing technology to conduct multidisciplinary team Connected breast multidisciplinary team: surgeons, radiologists,
2005 [27] meetings with health professionals at different sites. pathologists, oncologists, breast care nurses.

Connected multidisciplinary team: surgeons, radiologists,
Qualitative Using videoconferencing technology in multidisciplinary team meetings.  pathologists, medical oncologists, radiation oncologists,
psychologists, oncology nurses and social worker.

Li, J. and Robertson, T.
2011 [29]

Murad, M. et al.,
2014 [31]

Connected multidisciplinary teams: surgeons, radiologists,

Other Using videoconferencing technology in multidisciplinary team meetings. histopathologists and oncologists.

Connected breast multidisciplinary teams: breast surgeons,

Murthy, V. et al. . . . . . . . - . . . .
uriy, ¥ etal, Mixed Using videoconferencing technology in multidisciplinary team meetings  plastic surgeons, radiation and medical oncologists, radiologists,

2014 [32] pathologists, residents, medical students and nurses.
RObe;BSﬁ)ni;;]et al, Qualitative Using videoconferencing technology in multidisciplinary team meetings. =~ Connected breast multidisciplinary team members.
Shea, C.M. et al., L . . . . e . . e e
Qualitative Using videoconferencing technology in Multidisciplinary team meetings. ~Connected multidisciplinary team members.

2014 [38]
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Reference Methodology eHealth Component Multidisciplinary Component
Multidisciplinary team members included specialists in oncology,
Stalfors, J. et al radiology and pathology. When appropriate, specialists in dental
2005’ [-:l 0] v Other Using videoconferencing technology in Multidisciplinary team meetings ~ surgery, oral surgery, general surgery, thoracic surgery, dietetics
and other specialists are engaged. Patients attend unless too
unwell or follow-up case presentation.
Stevens, G.J. et al,, Using videoconferencing technology to conduct Multidisciplinary team Com}e.cted multld}sc1p11nary team mgmbers: respiratory
Other - . . . . physicians, thoracic surgeons, radiation oncologists, medical
2012 [41] meetings with health professionals at different sites. . . . . .
oncologists and a diagnostic radiologist.
Theme Three: Communication between individuals involved in the delivery of health services
An online interactive health communication system (IHCS) to bridge the
DuBenske, L.L. et al., communication gaps th.at occur among patients, family, and clmlcufm.s and Engaged doctors, patients, carers, other relevant health
Other to empower each to actively engage in cancer care and shared decision .
2010 [20] . o . . . . professionals.
making. IHCS can facilitate discussions amongst multiple disciplines
within a single forum.
A smartphone on the body that controls an in vivo sensor network Enables communication between local clinicians and remote
deployed for use in hyperthermia, radiotherapy, and chemotherapy. The . o, AR
smartphone schedules temperature using an algorithm and provides experts of different treatment modalities. Local clinician inputs
subscriber, publisher, broker role, and cluster information toall invivo St YEE e ROSton It fhe oca Sancer reaument control
Kamal, R.C. etal,, nodes, and receives subscription or notification confirmation from other o 1 YP P
Other .. X . X hyperthermia, radiotherapy, and chemotherapy. It then
2012 [26] in vivo nodesvia Bluetooth or Zigbee technology using an area network. communicates with the remote CTCU to connect to remote
The smartphone updates the electronic health record (EHR 3)/patient experts throueh a smartohone. Remote experts recommend dru
health record (PHR), prior to and after treatment. The smartphone P &1 a smartp ) P . &
application was implemented in Android SDK version 4.0 and the measurement, radiation measurement, and heating temperature
doctor’s panel for the CTCU with a web interface. to the smartphone kept near the patient.
Photo-triage for suspected skin cancers. High-quality close-up
M A etal. A ici ken in pri location. Th h . . -
orton, C.A. etal, Qualitative dermasc0p1.c images are taken in primary care ocation. Lhese are then Connected primary care providers and dermatology specialist.
2011 [30] sent to specialist for review, so patients can be triaged in to specific
treatment clinics.
Y.H. et al. L Three i health h 1 ic health . . -
Sad;(,nl [3§]t abs Qualitative (Elfltigsl)ntegrated calth systems that used electronic health records Connected patients, oncologists and other physicians.
Van den Brink, J. et al Connected head and neck cancer patients, hospital physicians,
it v Qualitative Electronic health information support system. members of a hospital-based support team, GPs, district nurses

2005 [42]

and speech therapists.
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Reference Methodology eHealth Component Multidisciplinary Component
Theme Four: Communication pathways between patients and cancer care teams
Browder, C.J. etal,, Other Case study evaluating the information systems, personnel, and processes  Involved interviews with participants from a hospital involved
2015 [18] involved in mobile mammography settings. in mammography included nurses and radiologists.
Clark. KW, et al Technology to support real-time communication between patients and Involved Information Communication Technology experts,
2(’)09' []'9] v Qualitative health care team regarding psychosocial problem-related distress. Uses nurses, doctors, social workers, statisticians in development of
touch-screen technology. the program.
Use of virtual visits by health professionals to care for patients attending ~ Involved multidisciplinary team comprising of clinical,
Gordon, J. and Gruber, L chemo infusion centers. Technology used for tele-dermatology to maintain ~administrative, planning, and other representatives charged to
Qualitative - . , X 4 . . . .
M. 2012 [24] the continuity of the patients’ care when moving between primary and identify and develop a location that would provide oncology care
tertiary care. for patient’s closer to home and improve the patients’ experience.
A telehealth intervention to address isolation, develop patient self-efficacy,
Head. BA. et al and improve symptom management during the treatment experience. Involved multidisciplinary team members: surgical, medical,
2609‘ [2'5] v Other Health Buddy®, a product of the Health Hero Network (Palo Alto, CA, and radiation oncologists as well as representatives from nursing,
. USA), was the appliance chosen to communicate the intervention social work, psychology, speech therapy, and nutrition therapy.
algorithms.
Theme Five: Health professional led change
Evans, WK. et al., L Development of a regional oncology information system for sharing Involved consultation with various health professionals and
Qualitative . X § .
2014 [21] information and patient data. workplace managers and executives.
Case study exploring the way of Information Communication Technology A cancer care group made up of health professionals from
Nwagwu, W.E. et al., Other in cancer care facilitate health information sharing. Included looking at relevant disciplines such as nurses, physiotherapists, health
2013 [33] Information Communication Technologies at point of care, electronic psychologists, physicians, occupational therapists, lay public,
health records, clinical decision support tools, and order entry systems. lawyers and pharmacists among others, all serving as volunteers.
Oborn, EM. et al., . A web-based clinical information system (.S ubSys) was 1mpller.nented. Engaged multidisciplinary team: surgeons, oncologists,
Qualitative SubSys was used to record cancer-related information pertaining to

2011 [34]

patients seen in the clinics.

pathologists, radiologists, and nurse specialists

1 MDTM—Multidisciplinary Team Meeting; 2 MDT—Multidisciplinary Team; 3 HER—Electronic Health Record.
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3.1. Data Collection and Accessibility

This review identified two studies (8%) reporting findings on the use of technology to improve
data collection for, and feedback to, individuals involved in the delivery of interdisciplinary cancer
care [35,39]. Findings from this theme show that involving a multidisciplinary group in the design of a
clinical database results in modification to the database to align better with the needs of the health
professionals using it [35]. Changes made to the database as a result of multidisciplinary feedback were
anticipated to result in improved quality of services and reporting targets, reducing the cost and time
required to deliver care, and improved communication between the health care team, but outcomes of
this process are yet to be formally evaluated. The use of technology to feedback patient history data to
MDTs was shown to enable more efficient clinical discussion during team meetings and potentially
improve interactions with patients [39]. Furthermore, use of technology for feedback of clinical data
offered educational advantages to both medical and non-medical team members, including allowing
participants to learn anatomy, providing information on disease manifestations and histopathology.

3.2. Virtual Multidisciplinary Teams

This theme was the most common one in the review. A total of twelve articles (46%) presented
findings on the concept of virtual MDTs, i.e., MDTs that used video or teleconferencing technologies
to support meetings [7,22,23,27-29,31,32,36,38,40,41]. The articles covered the use of video and
teleconferencing technology to support MDT meetings across a wide range of tumour streams:
breast [7,22,23,27,28,32], lung [41], urological and gastrointestinal [7], and head and neck [38].
There were consistent advantages and disadvantages identified across the articles in regard to using
video and teleconferencing technology to connect MDT members during meetings. The advantages
of using videoconferencing technology to connect MDT members during meetings included the
ability to include teams with dispersed members, the potential reduced treatment time for patients
and improved coordination of care [23,31], and the ability to connect primary care providers with
specialists [38,40,41]. The disadvantages of using video and teleconferencing to connect MDTs
included concerns about privacy and confidentiality of patient data [38], the need for additional
preparation for MDT meetings [32], challenges in coordinating meeting times [38] and unreliability of
technology [22,36].

A number of articles also focused on aspects of using video and teleconferencing technology
to connect MDTs beyond the barriers and enablers. Aspects of using video and teleconferencing
technologies to connect MDTs discussed in the articles included factors affecting ICT adoption in
MDTs, the cost effectiveness of implementing ICT, and comparisons between technology supported
and face-to-face only MDTs. MDT members with less video conferencing experience, or who were
from allied health disciplines were generally less supportive of tele and video conferencing in
MDTs [28]. Cost concerns from the implementation and adoption of virtual MDTs included a need for
reimbursement for participation in virtual teams, as opposed to face-to-face teams [38], and delay in
financial returns from implementing virtual MDTs [28]. In comparison with face-to-face MDTs, patients
supported by virtual MDTs had improved access to specialized care [41] and health professionals
reported valuable discussions with colleagues from different specialties [38], timelier specialist input,
and greater access to professional development [41].

3.3. Communication between Individuals Involved in the Delivery of Health Services

Five articles (19%) examined the use of technology to support interdisciplinary communication
in cancer care, outside of the context of an MDTM [20,26,30,37,42]. ICT could complement (but not
replace) current practices for supporting interaction between health professionals involved in the
delivery of cancer care to facilitate early detection of patient problems [37]. The use of eHealth in
multidisciplinary cancer care was also shown to improve the delivery of care to patients by increasing
service capacity [42]. Furthermore, it was identified that both primary and tertiary health professionals
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involved in the delivery of cancer care were supportive of the use of technologies to improve their
interaction pathways [30]. However, barriers to using technology to support communication between
individuals involved in the delivery of cancer services were identified. Barriers included difficulties
using technology to support interaction with health care providers outside a single organizations
cancer care clinic due to technological barriers such as firewalls [30] and reticence or lack of time
for using communication systems, coupled with technical problems [20]. Although barriers to the
use of technology to support professional communication were identified, it was also concluded that
investing in implementation strategies that considered environmental and personnel factors could
overcome barriers [20].

One article presented findings of a very different eHealth intervention to connect local clinicians
with specialists in remote locations. This intervention consisted of the use of a smartphone worn by the
patient as an in vivo sensor network to monitor those undergoing radiotherapy and chemotherapy [37].
The smartphone established collaboration between local clinicians and remote experts of different
treatment modalities. This involved the local clinician inputting details about the cancer type and
position into the device, which then connected to remote experts in hyperthermia, radiotherapy, and
chemotherapy. Remote experts provided guidance to the treating clinicians based on the data from the
smartphone; this also updated them on treatment outcome.

3.4. Communication Pathways between Patients and Cancer Care Teams

The review of the literature identified four articles (15%) that examined the use of technology
to support interdisciplinary communication in cancer care between patients and cancer care
teams [18,19,24,25]. All the articles stated that telemedicine improved access to specialist health
services for cancer patients. A number of the articles presented additional findings.

Three articles presented results on the use of eHealth to collect patient-reported data for feedback
to the interdisciplinary cancer team. The findings showed that administrative staff concerns about
ICT impacts on workload presented a key barrier to implementing eHealth in cancer centers [19].
On the other hand, clinicians reported that eHealth innovations enhanced monitoring of patients
so as to improve treatment outcomes [19] and patient self-efficacy regarding their condition [25].
Patients reported high satisfaction with eHealth tools for connecting them with their cancer MDTs [25]
and for enhancing their understanding of their condition [24]. Consistent across these three papers,
patients indicated that they would recommend various eHealth services/tools to other patients
undergoing treatment.

The final article was a case study evaluating the information systems personnel and processes
involved in an eHealth service for providing mobile mammography to patients [18]. The authors
identified a number of benefits of mobile mammography including the ability for patients to receive a
mammogram the day they visit a community health care provider, reduced wait time for the patient,
and timely follow up by the healthcare team. The challenges to implementing mobile mammography
include technological difficulties, ill-defined organizational goals, and differences across organizational
communication and information systems. However, the article indicates challenges can be overcome
by investing in a dedicated specialist team to deliver mobile mammography, addressing technology
connectivity issues, enabling patient pre-registration for the service and educating host sites and
patients about what to expect on their day of visit.

3.5. Health Professional-Led Change

A total of three articles (12%) analyzed in this review focused on the role of health professionals
in driving change regarding eHealth implementation [21,33,34]. Two of the articles presented findings
on the barriers and enablers of eHealth implementation in interdisciplinary cancer care [21,33].
The third article discussed findings about the technical literacy of health professionals involved
in interdisciplinary cancer care [34].
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Evans et al. [21] identified the following as strategies for overcoming barriers to implementing
a clinical information system across multiple healthcare organizations: organizational acceptance of
the need for change, engaging leaders in fostering a culture of change, anticipating and planning
for technology implementation and interface related barriers, and providing resources and support
during implementation, including education and training for staff in using new systems. Some of these
principles were applied in the implementation of an electronic patient record system within a cancer
clinic [33], specifically the planning for technology and resource barriers by installing computer stations
and hand-held tablet computers so data could be input in real time. The result of this implementation
strategy was not clearly articulated in the article, but it was noted that the success of the eHealth
intervention for data collection varied for different individuals in the clinic. The final article in this
theme [34] presented the results of a survey of 55 clinicians working in cancer care, concluding that
there is a need to adapt mainstream technologies for specific institutional settings particularly in regard
to making it useful for individual patient needs.

4. Discussion

The aim of this review was to identify and describe the peer-reviewed literature on how
eHealth facilitates collaboration in interdisciplinary cancer care. Analysis of these 26 articles revealed
considerable diversity of eHealth use across cancer care, but low usage of the term eHealth to present
findings relating to its use in the literature. The inconsistency in the literature on the use of eHealth to
describe technology use in cancer care may reflect a broader challenge facing the health sector around
a consistent definition of eHealth. The lack of consistent terminology describing eHealth has been
recognized in the literature [43,44], and identified as a potential barrier to the adoption of consistent
eHealth practices by health professionals.

Additionally, this review indicated that much of the research into eHealth in interdisciplinary
cancer care uses a qualitative methodology [21,24,34], or does not clearly describe the methodology
used. This is likely because a number of articles described the process of developing and implementing
eHealth in specific organizations [18,33], rather than evaluating the outcomes of the technologies.

This review highlights the breadth of eHealth use among cancer MDTs. It is clear that
technology is being used in areas such as MDT communication [7,22,23,27-29,31,32,36,38,40,41],
communication between professionals delivering cancer care [20,26,30,37,42] and for supporting
patient communication with their healthcare team [18,19,24,25]. Notably, there was a predominant
focus on multidisciplinary care rather than interdisciplinary eHealth practice, which is consistent with
recent findings in other fields of eHealth research [45,46]. Additionally, there are still a number of areas
of interdisciplinary cancer care where the use of eHealth is either less widely utilized, or less widely
researched. A particularly notable area that is under-researched is how technology is supporting
interdisciplinary teams to become drivers of change, with only three articles presenting findings
relating to this theme [21,33,34]. There are also a number of areas where there appears to be no
literature on the use of eHealth in cancer care, including the use of online interventions to enhance
clinical communication or clinician researcher communication and research into the use of smartphone
apps in interdisciplinary cancer care.

Although it has been acknowledged that technology has the potential to be of value
in interdisciplinary care, findings from this review suggest there is little research focused
on how eHealth can be implemented effectively in interdisciplinary cancer care. The most
researched area was the use of video and teleconferencing technology to support virtual MDT
meetings [7,22,23,27-29,31,32,36,38,40,41]. In the context of virtual MDTs, technology is used to connect
teams where specialists are geographically dispersed and, in one instance, technology was used to
create linkages between primary and tertiary care facilities [38]. Findings from this literature identified
a number of barriers to the use of eHealth to connect MDTs including reliability of technology, and an
increased burden on workloads. These findings are similar to the wider telehealth and social media
literature, which suggests that health professionals are supportive of eHealth for patient and health
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professional communication, but resistant to integrating it directly into service provision [47]. In spite
of these barriers, almost all the literature acknowledges benefits of the use of technology to support
virtual MDTs for both patients and health professionals [36,38,40].

A small number of articles presented findings on the use of end user feedback or co-design in the
design and implementation of eHealth interventions in cancer care. Articles that did use co-design
identified benefits of involving interdisciplinary cancer care professionals in the design of an eHealth
innovation [7,33]. Furthermore, it was interesting how few articles specifically identified technologists,
such as computer scientists, data analysts or other experts in the development, design and evaluation
of technology as being involved in the co-design process for eHealth applications. In this review, only
one article identified technologists as being involved in the design of an eHealth intervention [19].

Finally, this review revealed that research into eHealth applications in interdisciplinary cancer care
is much more focused on development and implementation on interventions than on long term impact.
Few articles reported systematic evaluations of the effectiveness of (a) the implementation process,
and (b) the intervention on treatment quality, MDT processes, and patient outcomes. The notable
exception to this is in telemedicine, where some articles described the long term impact of eHealth
on both patients and cancer services [37]. This may be due to the fact that this area of eHealth is well
developed and has existed for several decades [48], whereas the use of smartphones in healthcare is
less than a decade old, due to the technology only being available since the mid-2000s.

5. Conclusions

Technology is having a transformative effect on the health sector. In the area of cancer care, its
use is widespread, particularly in supporting interdisciplinary collaboration in MDTs and to connect
patients with specialist care teams. However, notable gaps remain in the use of eHealth, such as
smartphone apps and online resources for research and education in interdisciplinary cancer care. It is
imperative that further research is undertaken on the design, evaluation and long-term sustainability
of eHealth in interdisciplinary cancer care. Technology evolves quickly and it is the responsibility
of researchers to provide health professionals guidance on how best to respond to the impact of
technology in the health sector.

Acknowledgments: All authors listed in this publication conducted the research as part of the salaried position
supported by their hiring organization. This research was informed by the IleHART group. Membership of the
IeHART group is supported by a University of Sydney Faculty of Health Sciences research grant. The authors
wish to thank the members of the Interdisciplinary eHealth Advancement and Research Team (IeHART) who
informed the development of this research.

Author Contributions: Authors Anna Janssen, Melissa Brunner, Melanie Keep, Srivalli Vilapakkam Nagarajan
and Candice Kielly-Carroll contributed equally to the research and writing of the manuscript, and authors
Monique Hines, Sarah Dennis, Zoe McKeough and Tim Shaw contributed to the review process and editing of the
article (or something along those lines).

Conflicts of Interest: The authors declare no conflict of interest.

References

Stewart, B.; Wild, C.P. World Cancer Report 2014; World Health Organization: Geneva, Switzerland, 2017.
World Health Organization. Global Action Plan for the Prevention and Control of Noncommunicable Diseases
2013-2020; World Health Organization: Geneva, Switzerland, 2013.

3. Ogelby, M.; Goldstein, R.D. Interdisciplinary care. Pediatr. Clin. 2014, 61, 823-834. [CrossRef] [PubMed]

4. Xylinas, E.; Rouprét, M.; Kluth, L.; Scherr, D.S.; Shariat, S.F. Collaborative research networks as a platform
for virtual multidisciplinary, international approach to managing difficult clinical cases: An example from
the upper tract urothelial carcinoma collaboration. Eur. Urol. 2012, 62, 943-945. [CrossRef] [PubMed]

5. Choi, B.C.; Pak, A.W. Multidisciplinarity, interdisciplinarity and transdisciplinarity in health research,
services, education and policy: 1. Definitions, objectives, and evidence of effectiveness. Clin. Investig. Med.
2006, 29, 351.


http://dx.doi.org/10.1016/j.pcl.2014.04.009
http://www.ncbi.nlm.nih.gov/pubmed/25084726
http://dx.doi.org/10.1016/j.eururo.2012.08.022
http://www.ncbi.nlm.nih.gov/pubmed/22921717

Int. J. Environ. Res. Public Health 2017, 14, 1289 12 of 14

10.

11.

12.

13.

14.

15.

16.

17.
18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Fennell, M.L.; Prabhu Das, I.; Clauser, S.; Petrelli, N.; Salner, A. The organization of multidisciplinary care
teams: Modeling internal and external influences on cancer care quality. J. Natl. Cancer Inst. Monogr. 2010,
2010, 72-80. [CrossRef] [PubMed]

Jalil, R.; Ahmed, M.; Green, ].S.; Sevdalis, N. Factors that can make an impact on decision-making and
decision implementation in cancer multidisciplinary teams: An interview study of the provider perspective.
Int. ]. Surg. 2013, 11, 389-394. [CrossRef] [PubMed]

Tremblay, D.; Roberge, D.; Cazale, L.; Touati, N.; Maunsell, E.; Latreille, J.; Lemaire, J. Evaluation of the
impact of interdisciplinarity in cancer care. BMC Health Serv. Res. 2011, 11, 144. [CrossRef] [PubMed]
Ponte, P.R.; Gross, A.H.; Winer, E.; Connaughton, M.J.; Hassinger, J. 8.4 implementing an interdisciplinary
governance model in a comprehensive cancer center. In Transitions Theory: Middle Range and Situation Specific
Theories in Nursing Research and Practice; Springer: New York, NY, USA, 2010; Volume 445.

Mickan, S.M. Evaluating the effectiveness of health care teams. Aust. Health Rev. 2005, 29, 211-217. [CrossRef]
[PubMed]

Xyrichis, A.; Lowton, K. What fosters or prevents interprofessional teamworking in primary and community
care? A literature review. Int. |. Nurs. Stud. 2008, 45, 140-153. [CrossRef] [PubMed]

Marchibroda, J.M. The impact of health information technology on collaborative chronic care management.
J. Manag. Care Pharm. 2008, 14, S3-S11. [PubMed]

Schopp, L.H.; Johnstone, B.R.; Merveille, O.C. Multidimensional telecare strategies for rural residents with
brain injury. J. Telemed. Telecare 2000, 6, 146—149. [CrossRef]

Wallace, PJ. Reshaping cancer learning through the use of health information technology. Health Aff. 2007,
26, w169-w177. [CrossRef] [PubMed]

Silber, D. The Case for Ehealth; European Institute of Public Administration Maastricht: Maastricht,
The Netherlands, 2003.

Moher, D.; Liberati, A.; Tetzlaff, ].; Altman, D.G.; Group, P. Preferred reporting items for systematic reviews
and meta-analyses: The prisma statement. PLoS Med. 2009, 6, e1000097. [CrossRef] [PubMed]

Braun, V.; Clarke, V. Using thematic analysis in psychology. Qual. Res. Psychol. 2006, 3, 77-101. [CrossRef]
Browder, C.; Eberth, ].M.; Schooley, B.; Porter, N.R. Mobile mammography: An evaluation of organizational,
process, and information systems challenges. Healthcare 2015, 3, 49-55. [CrossRef] [PubMed]

Clark, K.; Bardwell, W.; Arsenault, T.; DeTeresa, R.; Loscalzo, M. Implementing touch-screen technology to
enhance recognition of distress. Psychooncology 2009, 18, 822-830. [CrossRef] [PubMed]

DuBenske, L.L.; Gustafson, D.H.; Shaw, B.R.; Cleary, ].F. Web-based cancer communication and
decision making systems: Connecting patients, caregivers, and clinicians for improved health outcomes.
Med. Decis. Making 2010, 30, 732-744. [CrossRef] [PubMed]

Evans, WK.; Ashbury, ED.; Pun, ].; Hogue, G.L.; Smith, A. Implementing a regional oncology information
system: Approach and lessons learned. Curr. Oncol. 2014, 21, 224-233. [CrossRef] [PubMed]

Fielding, R.; Macnab, M.; Swann, S.; Kunkler, I.; Brebner, J.; Prescott, R.; Maclean, J.; Chetty, U.; Neades, G.;
Walls, A.; et al. Attitudes of breast cancer professionals to conventional and telemedicine-delivered
multidisciplinary breast meetings. J. Telemed. Telecare 2005, 11, 29-34. [CrossRef]

Fitzpatrick, D.; Grabarz, D.; Wang, L.; Bezjak, A.; Fehlings, M.G.; Fosker, C.; Rampersaud, R.; Wong, R K.
How effective is a virtual consultation process in facilitating multidisciplinary decision-making for malignant
epidural spinal cord compression? Int. |. Radiat. Oncol. Biol. Phys. 2012, 84, e167-e172. [CrossRef] [PubMed]
Gordon, J.; Gruber, M. An innovative off-campus infusion suite designed to improve experiences of patients
with cancer. Clin. J. Oncol. Nurs. 2012, 16, 354-359. [CrossRef] [PubMed]

Head, B.A ; Studts, ].L.; Bumpous, ]. M.; Gregg, ].L.; Wilson, L.; Keeney, C.; Scharfenberger, ].A.; Pfeifer, M.P.
Development of a telehealth intervention for head and neck cancer patients. Telemed. ]. E-Health 2009, 15,
44-52. [CrossRef] [PubMed]

Kamal, R.; Hong, C.S.; Lee, S.G. A telemedicine application to schedule temperature in an in vivo sensor
network for cancer treatment. Telemed. |. E-Health 2012, 18, 760-771. [CrossRef] [PubMed]

Kunkler, LH.; Fielding, R.G.; Brebner, J.; Prescott, R.; Maclean, ].R.; Cairns, J.; Chetty, U.; Neades, G.; Walls, A;
Bowman, A.; et al. A comprehensive approach for evaluating telemedicine-delivered multidisciplinary
breast cancer meetings in southern Scotland. J. Telemed. Telecare 2005, 11 (Suppl. 1), 71-73. [CrossRef]
[PubMed]


http://dx.doi.org/10.1093/jncimonographs/lgq010
http://www.ncbi.nlm.nih.gov/pubmed/20386055
http://dx.doi.org/10.1016/j.ijsu.2013.02.026
http://www.ncbi.nlm.nih.gov/pubmed/23500030
http://dx.doi.org/10.1186/1472-6963-11-144
http://www.ncbi.nlm.nih.gov/pubmed/21639897
http://dx.doi.org/10.1071/AH050211
http://www.ncbi.nlm.nih.gov/pubmed/15865572
http://dx.doi.org/10.1016/j.ijnurstu.2007.01.015
http://www.ncbi.nlm.nih.gov/pubmed/17383655
http://www.ncbi.nlm.nih.gov/pubmed/18331114
http://dx.doi.org/10.1258/1357633001934474
http://dx.doi.org/10.1377/hlthaff.26.2.w169
http://www.ncbi.nlm.nih.gov/pubmed/17259200
http://dx.doi.org/10.1371/journal.pmed.1000097
http://www.ncbi.nlm.nih.gov/pubmed/19621072
http://dx.doi.org/10.1191/1478088706qp063oa
http://dx.doi.org/10.1016/j.hjdsi.2014.12.001
http://www.ncbi.nlm.nih.gov/pubmed/26179589
http://dx.doi.org/10.1002/pon.1509
http://www.ncbi.nlm.nih.gov/pubmed/19085974
http://dx.doi.org/10.1177/0272989X10386382
http://www.ncbi.nlm.nih.gov/pubmed/21041539
http://dx.doi.org/10.3747/co.21.1923
http://www.ncbi.nlm.nih.gov/pubmed/25302031
http://dx.doi.org/10.1258/135763305775124812
http://dx.doi.org/10.1016/j.ijrobp.2012.03.057
http://www.ncbi.nlm.nih.gov/pubmed/22682804
http://dx.doi.org/10.1188/12.CJON.354-359
http://www.ncbi.nlm.nih.gov/pubmed/22842686
http://dx.doi.org/10.1089/tmj.2008.0061
http://www.ncbi.nlm.nih.gov/pubmed/19199847
http://dx.doi.org/10.1089/tmj.2011.0248
http://www.ncbi.nlm.nih.gov/pubmed/23234425
http://dx.doi.org/10.1258/1357633054461804
http://www.ncbi.nlm.nih.gov/pubmed/16124136

Int. J. Environ. Res. Public Health 2017, 14, 1289 13 of 14

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Kunkler, LH.; Prescott, R].; Lee, R].; Brebner, ].A.; Cairns, J.A,; Fielding, R.G.; Bowman, A.; Neades, G.;
Walls, A.D.; Chetty, U,; et al. Telemam: A cluster randomised trial to assess the use of telemedicine in
multi-disciplinary breast cancer decision making. Eur. J. Cancer 2007, 43, 2506-2514. [CrossRef] [PubMed]
Li, J.; Robertson, T. Physical space and information space: Studies of collaboration in distributed
multi-disciplinary medical team meetings. Behav. Inf. Technol. 2011, 30, 443-454. [CrossRef]

Morton, C.A.; Downie, F.; Auld, S.; Smith, B.; van der Pol, M.; Baughan, P.; Wells, J.; Wootton, R. Community
photo-triage for skin cancer referrals: An aid to service delivery. Clin. Exp. Dermatol. 2011, 36, 248-254.
[CrossRef] [PubMed]

Murad, M.; Ali, Q.; Nawaz, T.; Zia, N.; Jehan, F,; Rafig, A.; Merrell, R.C.; Zafar, A. Teleoncology: Improving
patient outcome through coordinated care. Telemed. E-Health 2014, 20, 381-384. [CrossRef] [PubMed]
Murthy, V.; Nobre, S.; Sparber, L.; Schaefer, S.; Santoro, E.; McDermott, J.; Chamberlain, R.; Blackwood, M.
Multidisciplinary breast conference improves patient management and treatment. Surg. Sci. 2014, 5, 313-319.
[CrossRef]

Nwagwu, W.E.; Adegunwa, G.O.; Soyannwo, O.A. Ict and collaborative management of terminal cancer
patients at the university college hospital, Ibadan, Nigeria. Health Technol. 2013, 3, 309-325. [CrossRef]
Oborn, E.; Barrett, M.; Davidson, E. Unity in diversity: Electronic patient record use in multidisciplinary
practice. Inf. Syst. Res. 2011, 22, 547-564. [CrossRef]

Raptis, D.A,; Graf, R.; Peck, ].; Mouzaki, K.; Patel, V.; Skipworth, J.; Oberkofler, C.; Boulos, P.B. Development
of an electronic web-based software for the management of colorectal cancer target referral patients. Inform.
Health Social Care 2011, 36, 117-131. [CrossRef] [PubMed]

Robertson, T; Li, J.; O'Hara, K.; Hansen, S. Collaboration within different settings: A study of co-located
and distributed multidisciplinary medical team meetings. Comput. Support. Coop. Work 2010, 19, 483-513.
[CrossRef]

Sada, Y.H.; Street, R.L., Jr.; Singh, H.; Shada, R.E.; Naik, A.D. Primary care and communication in shared
cancer care: A qualitative study. Am. |. Manag. Care 2011, 17, 259-265. [PubMed]

Shea, C.M,; Teal, R.; Haynes-Maslow, L.; McIntyre, M.; Weiner, B.].; Wheeler, S.B.; Jacobs, S.R.; Mayer, D.K;
Young, M.; Shea, T.C. Assessing the feasibility of a virtual tumor board program: A case study.
J. Healthc. Manag. 2014, 59, 177-193.

Simo, R.; Morgan, P.; Jeannon, J.P.; Odell, E.; Harrison, J.; Almeida, B.; McGurk, M.; Lyons, A.; Hussain, K;
Gleeson, M.; et al. Integrated media presentation in multidisciplinary head and neck oncology meetings.
Eur. Arch. Otorhinolaryngol. 2009, 266, 261-265. [CrossRef] [PubMed]

Stalfors, J.; Lundberg, C.; Westin, T. Quality assessment of a multidisciplinary tumour meeting for patients
with head and neck cancer. Acta Otolaryngol. 2007, 127, 82-87. [CrossRef] [PubMed]

Stevens, G.; Loh, J.; Kolbe, J.; Stevens, W.; Elder, C. Comparison of recommendations for radiotherapy
from two contemporaneous thoracic multidisciplinary meeting formats: Co-located and video conference.
Intern. Med. J. 2012, 42, 1213-1218. [CrossRef] [PubMed]

Van den Brink, J.L.; Moorman, PW.; de Boer, M.E;; Pruyn, J.E,; Verwoerd, C.D.; van Bemmel, ].H. Involving
the patient: A prospective study on use, appreciation and effectiveness of an information system in head
and neck cancer care. Int. J. Med. Inform. 2005, 74, 839-849. [CrossRef] [PubMed]

Oh, H.; Rizo, C.; Enkin, M.; Jadad, A. What is ehealth (3): A systematic review of published definitions.
J. Med. Internet Res. 2005, 7, el. [CrossRef] [PubMed]

Shaw, T.; McGregor, D.; Brunner, M.; Keep, M.; Janssen, A.; Barnet, S. What is ehealth? The Development of
a Conceptual Model for ehealth Based on Qualitative Interviews with Key Informants. J. Med. Internet Res.
2017, in press. [CrossRef]

Hines, M.; Brunner, M.; Poon, S.; Lam, M.; Tran, V.; Yu, D.; Togher, L.; Shaw, T.; Power, E. Tribes and
Tribulations: Interdisciplinary ehealth in Providing Services for People with a Traumatic Brain Injury.
BMC Health Serv. Res. 2017, in press.

Tran, V.; Lam, M.; Amon, K,; Brunner, M.; Hines, M.; Lowe, R.; Penman, M.; Togher, L. Interdisciplinary
ehealth for the Care of People Living with Traumatic Brain Injury: A Systematic Review. Brain Injury 2017,
under review. [CrossRef]


http://dx.doi.org/10.1016/j.ejca.2007.08.026
http://www.ncbi.nlm.nih.gov/pubmed/17962011
http://dx.doi.org/10.1080/0144929X.2011.577194
http://dx.doi.org/10.1111/j.1365-2230.2010.03960.x
http://www.ncbi.nlm.nih.gov/pubmed/21070338
http://dx.doi.org/10.1089/tmj.2013.0100
http://www.ncbi.nlm.nih.gov/pubmed/24621403
http://dx.doi.org/10.4236/ss.2014.57053
http://dx.doi.org/10.1007/s12553-013-0063-6
http://dx.doi.org/10.1287/isre.1110.0372
http://dx.doi.org/10.3109/17538157.2010.520420
http://www.ncbi.nlm.nih.gov/pubmed/21848449
http://dx.doi.org/10.1007/s10606-010-9124-9
http://www.ncbi.nlm.nih.gov/pubmed/21615196
http://dx.doi.org/10.1007/s00405-008-0819-1
http://www.ncbi.nlm.nih.gov/pubmed/19057923
http://dx.doi.org/10.1080/00016480600740589
http://www.ncbi.nlm.nih.gov/pubmed/17364335
http://dx.doi.org/10.1111/j.1445-5994.2012.02817.x
http://www.ncbi.nlm.nih.gov/pubmed/22530597
http://dx.doi.org/10.1016/j.ijmedinf.2005.03.021
http://www.ncbi.nlm.nih.gov/pubmed/16043392
http://dx.doi.org/10.2196/jmir.7.1.e1
http://www.ncbi.nlm.nih.gov/pubmed/15829471
http://dx.doi.org/10.2196/jmir.8106
http://dx.doi.org/10.1080/02699052.2017.1387932

Int. J. Environ. Res. Public Health 2017, 14, 1289 14 of 14

47.  Usher, W. Types of social media (web 2.0) used by Australian allied health professionals to deliver early
twenty-first-century practice promotion and health care. Soc. Work Health Care 2011, 50, 305-329. [CrossRef]
[PubMed]

48. Wurm, E.M.; Hofmann-Wellenhof, R.; Wurm, R.; Soyer, H.P. Telemedicine and teledermatology: Past, present
and future. [DDG ]. Deutsch. Dermatol. Ges. 2008, 6, 106-112. [CrossRef] [PubMed]

® © 2017 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http:/ /creativecommons.org/licenses/by/4.0/).



http://dx.doi.org/10.1080/00981389.2010.534317
http://www.ncbi.nlm.nih.gov/pubmed/21512953
http://dx.doi.org/10.1111/j.1610-0387.2007.06440.x
http://www.ncbi.nlm.nih.gov/pubmed/18005076
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Inclusion Criteria 
	Search Criteria 
	Study Selection 
	Data Extraction and Analysis 

	Results 
	Data Collection and Accessibility 
	Virtual Multidisciplinary Teams 
	Communication between Individuals Involved in the Delivery of Health Services 
	Communication Pathways between Patients and Cancer Care Teams 
	Health Professional-Led Change 

	Discussion 
	Conclusions 

