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Potential RoI using Deontics CDSS

The clinical case for CDS is well established; the benefits have been thoroughly documented in many scholarly journals. 

Most of these benefits, while of course valuable, are based on a relatively limited range of quality-improving “safety net” interventions built into electronic patient records (EPRs) and related modules (such as electronic prescribing). As EPRs have become established as a fundamental platform for modern and effective care delivery, the limitations of such EPR CDS (usually decision tree based) have become clear. “Off the shelf” drug-interaction databases, for example, are effective and invaluable. However, more complex decision support – such as helping to ensure that care is provided in accordance with the best available evidence – is far harder to sustain within available EPRs. 

[bookmark: _Hlk3299073]Clinical Examples
Several clinical examples demonstrate the clinical effectiveness and financial return that Deontics’ technology can bring.Clinical Illustrations of Deontics’ Effectiveness
Colon Cancer:  [reference 1] Patients with Stage II colorectal cancer used a decision aid to assess different treatment strategies. Presented with evidence of outcome probabilities, 90% patients declined unnecessary adjuvant chemotherapy. Potentially saving the NHS £77M p.a.
Breast Cancer: [reference 2 & 3] More patients were treated in accordance with guidelines (97% vs 93%); 1% critical errors with Deontics vs. 13% without Deontics AI; over 60% more trial-eligible patients identified. 
Renal transplant: [reference 4] Retrospective analysis using Deontics of actual live kidney donors showed that 41% of those who had undergone nephrectomy had major contraindications to nephrectomy
Leukaemia: [reference 5] 0% errors with Deontics treating childhood leukaemia vs. 37% without Deontics AI



Each of these scholarly studies demonstrates the clinical utility of the Deontics approach. The financial implications of these studies are also important. Studying financial return was not the goal of these projects, they nevertheless identify how the Deontics platform can improve quality and reduce costs of care.



Estimating the financial return
From these studies and other studies, we can make estimates of the potential financial benefits that a Deontics implementation can bring to an organisation. To do this, we have a simple operational model that provides benefit categories:
· Admissions avoided
· Reduced costs during admissions (including reduced length of stay)
· More effective discharges
For each category, we make a simple estimate of the benefits that can flow from an effective Deontics implementation, and then sum these benefits across an organisation. 






The figures below represent an average UK hospital (see “Base Data” below). 

	Estimating the financial opportunities: top ten clinical pathways only

	Cost category
	Financial metrics
	Annual value (£)

	Admissions avoided
	
	

	Effective application of admission criteria to patients in emergency departments can help avoid unwarranted admissions. Estimate 3% reduction in admissions.
	3% of admissions = 196/year
	475,000

	Reduced costs during admission
	
	

	Improved clinical guideline/pathway adherence
Average 3% of care costs
	
	475,000

	Reduced average length of stay
0.3% reduction
	£62.40/day reduction
	408,000

	Effective discharge
	
	

	Readmissions due to ineffective or premature discharges: additional 0.5% reduction in admissions. 
	32.7 cases per year
	79,000

	Total estimated savings per year
	£1,437,000

	Total cost per year
	£15,835,761

	Total percentage cost savings per year
	9%

	Annual price for top 10 pathways
	£200,000

	Estimated Deontics RoI
	718%

	Base data: 
Average hospital admissions 6,541/year for top ten pathways; average cost of £2,421 per case. (Based on data from Meaccok et al, Health Econ. 23: 1-13 (2014) and ‘2015/16 Enhanced Tariff Option spreadsheet’ March 2015)





These figures can be interpreted in the context of the Royal Liverpool and Broadgreen University Hospitals NHS Trust (RLBUHT), a Deontics customer. Even although the RLBUHT is a much larger hospital than the UK average (so savings should be much greater), even the £1.43m saving modelled above would represent a further incremental 14% saving on the £10.3m annual savings achieved by the RLBUHT last financial year as a consequence of its Quality Efficiency and Productivity Programme. Moreover, we would also expect a rapid payback time which is supportive of an upfront loaded payment model.
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ABSTRACT

Objectives: The cancer multidisciplinary team (MDT)
meeting (MDM) is regarded as the best platform to
reduce unwarranted variation in cancer care through
evidence-compliant management. However, MDMs are
often overburdened with many different agendas and
hence struggle to achieve their full potential. The
authors developed an interactive clinical decision
support system called MATE (Multidisciplinary meeting
Assistant and Treatment sElector) to facilitate explicit
evidence-based decision making in the breast MDMs.
Design: Audit study and a questionnaire survey.
Setting: Breast multidisciplinary unit in a large
secondary care teaching hospital.

Participants: All members of the breast MDT at the
Royal Free Hospital, London, were consulted during
the process of MATE development and
implementation. The emphasis was on acknowledging
the clinical needs and practical constraints of the MDT
and fitting the system around the team’s workflow
rather than the other way around. Delegates, who
attended MATE workshop at the England Cancer
Networks’ Development Programme conference in
March 2010, participated in the questionnaire survey.
Outcome measures: The measures included evidence-
compliant care, measured by adherence to clinical
practice guidelines, and promoting research, measured
by the patient identification rate for ongoing clinical trials.
Results: MATE identified 61% more patients who were
potentially eligible for recruitment into clinical trials
than the MDT, and MATE recommendations
demonstrated better concordance with clinical practice
guideline than MDT recommendations (97% of MATE
vs 93.2% of MDT; N=984). MATE is in routine use in
breast MDMs at the Royal Free Hospital, London, and
wider evaluations are being considered.
Conclusions: Sophisticated decision support systems
can enhance the conduct of MDMs in a way that is
acceptable to and valued by the clinical team. Further
rigorous evaluations are required to examine cost-
effectiveness and measure the impact on patient
outcomes. The decision support technology used in
MATE is generic and if found useful can be applied
across medicine.

ARTICLE SUMMARY

Article focus

m How to improve the conduct of a cancer MDT
and standardise decision making in accordance
with best evidence.

m Development and implementation of a novel
clinical decision support (CDS) platform for
breast cancer MDT.

m This study evaluates (1) the concordance
between the CDS suggestions and MDT recom-
mendations and (2) the identification rate of
potentially eligible patients for recruiting into the
ongoing research trials, by the MDT and the CDS.
A separate questionnaire survey was conducted
at the national workshop at the Cancer Networks’
Development Programme to get an estimate of
acceptability of such MDT decision support
systems by the cancer networks.

Key messages

m An advanced CDS platform could significantly
improve the conduct of cancer MDMs.

m Further robust evaluations are necessary.

Strengths and limitations of this study

m We share our experience of developing an
advanced decision support system and imple-
menting it in a complex clinical environment of
cancer MDT, which was subsequently adopted as
a breast MDMs management tool.

m The results reported here, however encouraging,
are at this point indicative of the potential
benefits but not yet conclusive. They should be
treated with caution until further rigorous
evaluations confirm the effectiveness and
generalisability of the CDS system.

PROBLEM STATEMENT

Unwarranted practice variation across
different medical domains has unfortunately
become a pervasive finding in health service
research, and breast cancer care is no
exception.! A recently published study
reported significant differences in breast
cancer survival across hospitals in the same
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geographical region in England.? The reasons for prac-
tice variation are multifactorial, and standardisation of
care has been attempted by the introduction of Regional
Cancer Networks in England and the adoption of the
multidisciplinary team (MDT) model to promote
maximal adoption of evidence-based practice. The MDT
model is increasingly being adopted in other non-cancer
medical domains, such as stroke, cardiovascular diseases
and diabetes.

Many benefits of MDTs have been claimed, but few
have been backed by strong evidence.> * However,
despite a significant lack of prospective evidence, MDTs
are well accepted in clinical practice; they are regarded
as a major advance in management of patients with
cancer and their use appears to be increasing.5 As many
healthcare systems have already committed to and
invested in the MDT model, further reductions in
unwarranted variation are likely to be best achieved by
improving their conduct and standardising their deci-
sion-making processes.6 Data collected by the UK
national cancer peer review programme from over 1000
teams across six cancer types in England indicate that
there is significant room for improvement in the
conduct of MDT meetings (MDMs) and show consider-
able variability in the performance of MDTs.” A recent
national survey of more than 2000 members of cancer
MDTs demonstrated agreement on the range of criteria
necessary for effective MDT working.3 A review of the
literature by the authors identified many pragmatic
challenges and shortcomings in the current conduct of
cancer MDMs summarised in box 1.%

CONTEXT

The Royal Free Hospital NHS Trust (RFH) serves
a population of 2.6 million within the North London
Cancer Network catchment area. The number of new
patients (both benign and cancer) seen as outpatients
by the breast unit in 2009—2010 was 2944. The
Breast Cancer MDT at RFH was established in 2005, in
line with the recommendations of the NHS Cancer
Plan. The MDT uses a set of North London Cancer

Box 1 Pragmatic challenges for cancer MDT meetings

1. Ensuring and documenting adherence with standards
(eg, evidence-based guidelines).

2. Identifying patients who are eligible for recruitment into
clinical trials.

3. Ensuring the consistent collection of crucial data, such
as disease staging and outcomes.

4. Establishing robust mechanisms for
assessment of MDT performance.

5. Ensuring MDT recommendations are followed in
practice.

6. Achieving the right balance of educational and care
delivery objectives of this forum.

7. Establishing reliable interfaces with primary care to
ensure continuity of care.

prospective

Network-approved clinical guidelines and a standardised
minimum data set.

MDMs are held every week in a conventional confer-
ence format (figure 1). The core members of a breast
MDT include breast surgeons, radiologists, pathologists,
medical and clinical oncologists, plastic surgeons and
breast clinical nurse specialists. A typical breast MDM
discusses an average of 30—40 patients at various stages
in their care pathways every week to decide further
courses of action in their management.

Prior to the introduction of our computer-based
service into the MDMs, an entirely paper-based record
system was used to provide case summaries and to
document the MDT’s discussion and decisions. These
records contained free (unstructured) text rather than
coded and structured data. The trade-offs between
structured (computer interpretable) and unstructured
electronic health records (EHRs) are well known.”
Recording MDT discussions in an unstructured form,
such as free-text clinical notes, scanned documents, pdfs,
hinders the process of accurate measurement of MDT
performance as computer-based data analysis and
auditing tools cannot be used on unstructured data.

There are many commercially available information
and communication systems, which can assist in the
preparation, presentation and documentation of cases at
the MDMs, such as EHR systems. However, the objectives
of our MDT service improvement exercise was to go
beyond improvements in data management by providing
active support for evidence-based decision making,
improving recruitment into clinical trials and supporting
prospective audit.'

MEASURES OF IMPROVEMENT

Evidence compliant care: adherence with clinical practice
guidelines

With the increasing recognition of shortcomings in
healthcare systems, there is a significant cultural and
professional shift towards using evidence-based guid-
Evidence-based standards of care, such as
published practice guidelines and technology assess-
ment reports developed by authoritative organisations,
provide an objective standard against which to assess
MDT decisions. There is growing evidence that use
of evidence-based guidelines can improve patient
outcomes,'' ~'* and MDMs provide the best opportunity
to actively promote an appropriate and judicious use of the
guidelines at the point of care.

ance.

Promoting research: identification of patients eligible for
ongoing research trials

It is widely accepted that recruiting patients into clinical
trials is an effective strategy for ensuring that cancer
patients get the best care as well as providing important
information about the efficacy of treatments. However,
the literature continues to report low rates of accrual
to cancer clinical trials,'* and many organisations at
national and international levels are investigating strat-
egies for improving accrual rates. Cancer MDMs offer
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Figure 1
meeting.

a major opportunity for identifying patients who are
eligible for participation in clinical trials.'®

METHODS

In order to assess the performance of the breast MDT on
the above-mentioned measures, we developed a compu-
terised decision support system, MATE (Multidisci-
plinary meeting Assistant and Treatment sElector), that
captures patient data, identifies eligible patients for
clinical trials and suggests evidence-based treatment
recommendations. MATE also captures MDT decisions
and hence can automatically compare them with
guideline recommendations.

System development

We followed a systematic stepwise approach throughout
the system development lifecycle. Requirements for
MATE were identified through a systematic review of
the literature® and by working closely with members of the
breast MDT at RFH. We adopted the common knowledge
acquisition and design system (CommonKADS) method-
ology to develop a comprehensive process and knowledge
model for breast cancer MDMs.'® A controlled vocabulary
from the National Cancer Institute thesaurus'’ was used
to facilitate data standardisation. The evidence sources
reviewed included clinical practice guidelines, systematic
reviews and meta-analyses and reports of randomised
controlled trials. Along with the guideline recommenda-
tions, the eligibility criteria of ongoing clinical trials in
breast cancer that were open for recruitment at our
institution were also coded into the system.

PROforma,18 an established decision modelling
language for modelling clinical decisions and care
pathways, was used to formalise decisions and supporting
evidence in MATE. The PROforma language and appli-
cation development software Tallis used in this project
were originally developed at the Cancer Research UK.
Tallis was used to implement a range of decision support

MATE (Multidisciplinary meeting Assistant and Treatment sElector) in use at Royal Free breast multidisciplinary team

and other services' as determined by the requirements
development process outlined above and is used to
update recommendations and other components of the
PROforma knowledge base when new guidance is
published. Tallis is being developed jointly by Oxford
University and the Royal Free development team.

System description

MATE functionality can be categorised under two broad
headings: (1) structured data capture, presentation and
audit, and (2) advanced evidence-based decision
support.

Data capture. MATE allows users to capture detailed
structured clinical data, including, demographics,
comorbidities, test results, clinical findings, imaging,
pathology and treatmentrelated data. The data are
entered into the system either before (preparation
phase) or during the MDMs (presentation phase). In the
preparation phase, the data are entered by a clinician,
who is responsible for the preparation of the meeting.
Data entry is flexible, quick and secure, and it was found
to reduce preparation time. If some of the test results
such as pathology reports are not available before the
MDT meeting, they can easily be entered in MATE
during the meeting by a clinician without delaying the
proceedings. MATE also provides patient summaries
automatically and prospective audit facilities.

Advanced evidence-based decision support module: It is the
key component of MATE that sets it apart from cancer
tracking systems, EHR systems and the first-generation
decision support, such as rule-based alert and reminder
systems. MATE actively evaluates diagnostic markers
histopathological data and other patientrelated factors,
such as co-morbidities to generate patient-specific
recommendations for clinical management. The Tallis
decision support technology enables MATE to rank the
recommended options: for example, if the fitness of the

'http://mate.cossac.org/.
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Figure 2 Composite screenshot showing the user interface and some of the functionalities of MATE (Multidisciplinary meeting
Assistant and Treatment sElector). Upper left: the summary screen for the patient; upper right: one of the many prognostication
tools available; lower left: decision panel where system recommendations and eligible clinical trials are highlighted in blue; lower

right: the evidential justification for each recommended option.

patient is in question due to comorbidity, MATE can
recommend the next best option with supporting
evidence. In principle, patient preferences can also be
factored into the MATE decision process and we are
actively exploring ways of doing this in line with widely
discussed needs for greater patient empowerment.

All clinical recommendations made by MATE are
presented to the user together with a summary of the
rationale in the form of arguments and supporting
evidence. The MATE knowledge base has been devel-
oped with reference to a comprehensive set of published
national and international clinical practice guidelines,
which enables MATE to give recommendations even in
complex cases that are covered by these guidelines.

MATE also provides quantitative risk estimates based
on published models as an adjunct to the clinical
recommendations.

The user interface of MATE is illustrated in figure 2.
The detailed description of the knowledge base,
technology and architecture is published elsewhere."”

Evaluation of concordance between MATE and MDT
recommendations

MATE was used in the background to prospectively
record the proceedings of breast MDMs between April
2008 and July 2009 to gather 1295 cases discussed in the

MDMs during this period (each time a patient was
discussed in the MDT meeting was counted as a separate
encounter). The patient data and the MDT decisions
were entered in MATE during the meeting by the first
author. MATE recommendations were not shown to the
MDT to avoid any confounding effect. After the meeting,
the correctness of patient data and MDT recommenda-
tions entered in MATE were cross-checked with the
official paper MDT records by a research associate from
the research team and, in case of any discrepancies, the
patient data and MDT decisions entered in MATE
record data were amended to be in line with the official
MDT record. Approval for an audit study was obtained
from the Research and Development department of the
hospital before starting the study, and data-security
measures such as encryption were put in place.

One of the key features of MATE comparedwith
a traditional EHR is the clinical decision support (CDS)
element. MATE is able to actively evaluate patient data
and to offer guideline-based recommendations in real
time, which are specific for each individual patient.
We compared MATE recommendations with the MDT
decisions. The discordant cases (where MATE recom-
mendations differed from those of MDT decisions) were
further investigated by a panel who reviewed the
patient’s clinical notes. MATE also automatically flags
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patients who meet eligibility criteria for ongoing clinical
trials.

Structured feedback from members of cancer networks in
the UK

The MATE development team was invited to conduct
a workshop at the England Cancer Networks’ Develop-
ment Programme conference in March 2010. The
conference was attended by key members from all cancer
networks, who are instrumental in governing and
improving MDT conduct in their respective cancer
networks. MATE was demonstrated in a workshop, and a
questionnaire survey was conducted at the end of
the presentation and discussion session. The aim of the
structured feedback was to gather the views of the
members of cancer networks about the usefulness of
CDS systems in general and MATE in particular, in the
context of cancers MDMS.

Respondents were asked to select from a choice
of five categories (strongly agree, agree, neutral,
disagree, strongly disagree) for five structured ques-
tions regarding usefulness of the system. They were
also asked open-ended questions to find any perceived
barriers and their general comments. For simplicity,
we have combined ‘strongly agree’ and ‘agree’
responses into an overall ‘agree’ rating and ‘neutral’,
‘disagree’ and ‘strongly disagree’ responses into a
an overall ‘disagree’ rating. The ‘neutral’ category
was included in ‘disagree’ to ensure a conservative
interpretation.

RESULTS

Evaluation phase results

The case mix of 1295 breast cases included cancers and
benign pathologies. Table 1 shows the overall distribu-
tion of cases recorded on the MATE system during the
study. Metastatic, recurrent and non-epithelial malig-
nancies were excluded from the guideline concordance
analysis as the guidelines and evidence-base for those
subsets were not initially coded in MATE. In 239 cases of
recurrent metastatic or non-epithelial malignancies,
MATE therefore provided data capture services but no
decision support. The remaining 1056 cases were
analysed for concordance between management

Table 1 Distribution of breast cases discussed at MDM
according to type

Pathology Number
Benign breast disease 413
Operable breast cancer (in situ and invasive) 511

No final diagnosis reached (eg, C1/C3/C4 on 132
cytology or B1/B3/B4 on core biopsy) at the
time of MDT meeting

Metastatic and/or recurrent cancers 198
Other than breast epithelial malignancies 41
Total cases 1295

MDT, multidisciplinary team; MDM, MDT meeting.

recommendations made by MATE and the actual MDT
decisions; the level of concordance was encouragingly
high (93.2%; N=984). When the 6.8% discordant cases
were further analysed, it was found that in 3.2% cases,
the MDT decisions that differed from MATE recom-
mendations were corrected by the treating clinician in
the results clinic.

MATE also identified 61% more patients who were
potentially eligible for recruitment into clinical trials
than the MDT alone. Note that MATE only screens the
patients as possibly eligible for the trials, based on the
main eligibility criteria. All the information needed
before recruiting the patient is often not available to the
MDT. Certain tests specific for the trial (eg, 2D Echo for
ejection fraction) are done after MDT discussion, and
the results are not available at the MDM.

Structured feedback results

The MATE workshop at the Cancer Networks’ Develop-
ment Programme conference was attended by 54 people,
of whom 48 completed the questionnaire. The roles of
respondents were categorised as follows:

Clinicians (Doctors and Nurses) = 13
Patients/survivors = b

Service improvement managers = 18

Informaticians = 7

Others = 5

There was a very high consensus on the usefulness of
CDS in general, and MATE in particular, for cancer
MDMs. Most respondents (95.8%) agreed that CDS has
a useful role in cancer MDMs. The majority of respon-
dents found the services provided by MATE useful for
the breast MDM (93.47) and potentially for other types
of cancer MDMs (92.6%). The CDS component and
ability to automatically screen patients for ongoing
clinical trials were seen as the two most valuable capa-
bilities of MATE by the majority of respondents (84.5%
and 81.2% of respondents, respectively). Other capabil-
ities of MATE, identified as valuable were patient data
capture (70% of respondents), clinical audit services
(67%), peer review support (58%) and education/
training (45%). The majority of respondents (73.8%)
were favourable to recommending MATE if it were made
available in their network.

The survey also identified important barriers to large-
scale deployment of MATE. The main perceived obstacle
to adoption was double data entry (50%) in situations
where existing data capture systems are in place, and it
was suggested that MATE should be able to interface
with existing data capture systems. Other barriers iden-
tified were costs and resources, clinical buy-in, scalability
and the need for appropriate knowledge maintenance
mechanisms that can cope with the large volumes of
clinical evidence.

CHALLENGES AND NEXT STEPS

We wish to emphasise that the role of MATE or any
similar IT system is purely supportive and the MDT
meeting continues to be led by the clinical team.
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Advanced IT systems can only complement an effective
and functional MDT?° and cannot compensate for
inherent weaknesses in team composition, organisation
or operation. The preliminary audit results and the
qualitative assessment data reported in this study,
however encouraging, are at this point indicative of the
potential benefits but not yet conclusive until further
rigorous evaluations confirm the effectiveness and
generalisability of MATE or similar services.

Generalisability

It has been reported that CDS systems produce better
results when the developing team is also responsible for
the trial of the system. One review reported, for
example, that the success rate for CDS systems dropped
from 74% to 28% when the systems were tested by
independent teams.?! The team involved in the devel-
opment of MATE was also involved in testing and the
deployment of the system so replication of our results on
other sites is a key objective. It was for the same reason
that the questionnaire survey from the user was not
conducted at this stage, and this is planned during the
wider implementation phase. Demonstrating that MATE
can confer significant benefits for other cancer MDTs is
also a high priority. MATE has attracted the attention of
the UK Department of Health’s National Cancer Action
Team, and deployment of the system in other NHS trusts
is being explored.

Effectiveness trials

Definitive evidence of the value of complex (multifac-
eted) interventions such as MATE requires a multicentre
trial in which a cluster randomised design is likely to be
the preferred methodology.22 The trial should look into
all important impacts of the intervention, including
quantitative measures of cost, patient outcomes and
process measures as well as qualitative measures.

Patient empowerment

Patient involvement in decisions about their treatment
is widely considered to be crucial to improving
outcomes, and many cancer patients wish to play a more
active role in their care. The current structure of the
cancer MDT meeting makes patient participation very
difficult to achieve.*® We are therefore exploring ways in
which MATE could facilitate patient engagement, by
extending access to certain of its functions by the
patients. This could be achieved in a variety of settings,
including consultations in results clinic and from the
patient’s home using the internet, allowing the patients
to review their clinical history, the MDT recommenda-
tions and the reasons and justifying evidence for those
recommendations.
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One of the most consistent findings in health services research is
the gap between evidence and practice (Grol and Grimshaw, 2003).
Consistent, safe, evidence-based health care has become a major
goal of many health-care systems, in developed countries in
particular, but is not always achieved (Kohn et al, 1999; Corrigan
et al, 2001). In the UK, it has been found that about 850000
medical errors occur in National Health Service hospitals every
year, resulting in some 40 000 deaths (Aylin et al, 2004) and other
consequences. In 2001, the UK Audit Commission’s report on NHS
cancer care in England and Wales showed significant variation at
all stages of cancer care, including the criteria used by general
practitioners to refer patients, the diagnostic tests ordered and the
type of surgery, chemotherapy, and radiotherapy offered.

Such findings have fuelled worldwide interest in developing
clinical practice guidelines (CPGs) on the basis that they can be
expected to help improve quality of care by disseminating research
results and evidence-based practice more effectively. Many studies
have shown that CPGs can improve the quality of care (Cabana
et al, 1999; James and Hammond, 2000; Grimshaw et al, 2002). A
CPG is a ‘systematically developed statement to assist practitioner
and patient decisions about appropriate health care for specific
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Widespread health service goals to improve consistency and safety in patient care have prompted considerable investment in the
development of evidence-based clinical guidelines. Computerised decision support (CDS) systems have been proposed as a means
to implement guidelines in practice. This paper discusses the general concept in oncology and presents an evaluation of a CDS system
to support triple assessment (TA) in breast cancer care. Balanced-block crossover experiment and questionnaire study. One stop
clinic for symptomatic breast patients. Twenty-four practising breast clinicians from United Kingdom National Health Service hospitals.
A web-based CDS system. Clinicians made significantly more deviations from guideline recommendations without decision support
(60 out of 120 errors without CDS; |6 out of 120 errors with CDS, P<0.001). Ignoring minor deviations, |6 potentially critical errors
arose in the no-decision-support arm of the trial compared with just one (P=0.001) when decision support was available. Opinions
of participating clinicians towards the CDS tool became more positive after they had used it (P<0.025). The use of decision support
capabilities in TA may yield significant measurable benefits for quality and safety of patient care. This is an important option for
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clinical circumstances’ (Field and Lohr, 1990 Institute of
Medicine).

In a special issue of BJC on Clinical Practice Guidelines for
cancer care (2001) Fervers, Hardy, and Philip introduce the SOR
(Standards, Options, and Recommendations) guidelines project of
the French Federation of Cancer Centers. Standards, Options, and
Recommendation is a major ongoing national project (http://
www.fnclcc.fr/) whose goal is to develop a methodology for the
progressive creation and maintenance of ‘CPGs for the initial
management of cancer in adults and children, for supportive care
and control of symptoms in cancer patients and for the
standardisation of ‘good clinical practice’ throughout the various
disciplines involved in cancer care. It has also undertaken the
developments of CPGs specifically for nursing and paramedical
staff, as well as the provision of evidence-based information for
patients. (Fervers et al, 2001).

The end result of the SOR development process is a document
(paper or electronic). A SOR document typically contains a
collection of ‘clinical algorithms’ to be consulted in appropriate
situations together with a succinct summary, rationale, and evidence
for the Standards, Options and criteria for Recommendations
covered by the algorithms. The BJC special issue includes articles
that describe a diverse set of 14 representative SOR guidelines,
covering common and less common cancers, developed by many
specialist groups. It documents 45 complete CPGs, involving
contributions from some 1700 doctors, pharmacists, and biologists.





By any standards this is an impressive body of work, which
on the face of it could well justify the effort and resources that
Fervers et al (2001) emphasise is needed. The SOR programme has
attracted considerable international attention and extensive
collaborations with specialist cancer groups in the Canada, the
USA, and UK. Assuming that the methodology is rigorously
followed we may reasonably assume that the content of a SOR CPG
can be trusted, and assuming that the CPG is maintained properly
as new research is published such guidelines can be an important
continuing resource, facilitating discussion and new research as
well as specific clinical guidance.

There are, however, significant issues about the practical use of
practice guidelines, both SOR guidelines and other approaches.
Fervers et al (2001) themselves identify a number of obstacles,
including the problems of dissemination and continuing main-
tenance of the guideline content, which they refer to as the
‘aftercare’ problem. The question raised in this paper goes further,
asking about the use of and compliance with such guidelines in the
clinic. Although there is evidence of clinical value there are also
grounds for concern that the great potential value of the enormous
effort that goes into creating the guidelines may not be matched by
the level of adherence to them in practice (Bloom et al, 2004).
Furthermore a systematic review has found that traditional paper-
based dissemination of guidelines are relatively ineffective in
changing the behaviour of health-care professionals (Freemantle
et al, 1996).

Because of such concerns about the penetration of evidence-
based guidelines into routine clinical practice informaticians have
investigated techniques for bringing CPGs to the point of care in a
more useful form than documentary reminders and algorithms.
One prominent development is computerised Clinical Decision
Support Systems (CDSSs) which add value to conventional
guidelines by delivering options and recommendations in the
form of patient-specific suggestions. A recent systematic review of
CDSSs suggested that systems for disease management improve
practitioner compliance with guidelines: in the majority of
randomised trials (23 out of 37 studies, i.e. 62%) and demonstrated
a positive impact (Garg et al, 2005). Our group has developed a
series of CDSSs for use in cancer care with very promising results,
including a system for genetic risk assessment based on family
history (Emery et al, 2000), detection of abnormalities in
mammograms (Taylor et al, 1999) and chemotherapy dosage
decisions in paediatric ALL (Bury et al, 2005).

Most decision support techniques have tended to focus on
isolated decision nodes in the care process, for example, drug
dosing (Manotti et al, 2001) or ECG analysis (Selker et al, 1998),
rather than on a ‘patient journey’ as an integrated and coordinated
whole. Our work on the CREDO project (Fox et al, 2006) is
designed to support the entire journey of breast cancer patients,
from initial presentation and diagnosis through to treatment and
follow-up. As part of the CREDO project we have developed a
formal model of a care pathway for the management of women
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with breast cancer, or at risk of developing breast cancer, as a
foundation for the design of the decision support and other
services based on published CPGs and other evidence-based
sources. The model shows that there may be as many as 65
separate decision points in the breast cancer journey where if best
evidence-based practice is not complied with there is significant
potential for patient harm, or at least failure to achieve the best
outcome.

There were two purposes of the present study. First, to
investigate whether decision support technology can significantly
enhance the compliance of breast clinicians with best practice as
defined by evidence-based guidelines. Second, to determine the
benefits of a specific approach to decision support in CREDO. The
focus of the study is the initial (triple) assessment of patients
referred to breast clinics with symptoms of possible cancer. In the
United Kingdom triple assessment (TA) clinics are carried out by
the members of a multidisciplinary team to diagnose and manage
symptomatic patients. Such clinics involve decision-making based
on clinical examination, radiological, and pathological investiga-
tions conducted in one session with the aim of speeding up
diagnosis and treatment. The Triple Assessment Decision Support
system (TADS) is designed to assist at four decision points (family
history and genetic risk assessment, selection of imaging and
biopsy modalities, and final management decision).

MATERIALS AND METHODS

PROforma tools for modelling clinical guidelines and
pathways

The TADS system was constructed using the PROforma guideline
and workflow modelling language (Fox and Das, 2000) and the
Tallis process modelling system developed by Cancer Research UK
(www.acl.icnet.uk/TallisTraining).

The key difference from the SOR approach is that the PROforma
model can be executed by a computer and displayed at the clinical
point of care using, for example, a web browser. Tallis provides
many ways of delivering decision support but a straightforward
implementation would provide electronic data forms for recording
patient data, automatic scheduling of clinical tasks and display of
SOR standards and, if required, making patient-specific recom-
mendations for diagnostic or therapeutic options according to
patient data and clinical circumstances. In this way a PROforma
service can deliver conventional guidelines such as SOR guidelines
while adding patient-specific decision support and many other
data and knowledge management services.

TA mode

TADS was designed to support a breast clinician taking a patient
through the TA clinic. Figure 1 shows the Tallis representation of
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Tallis representation of TA workflow showing the main plan. The decision nodes represented by circles are embedded at various points in the
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TA workflow, which involves abstracting data from family history,
medical history, clinical examination of a patient and making
decisions about risks, and diagnostic interventions and manage-
ment.

1. Four key inter-dependent decision points were identified in the
TA workflow:

2. Genetic risk assessment: low, medium or high (taken as part of
the clinical history plan)

3. Radiological investigations to perform: mammogram, ultra-
sound, both or none

4. Biopsy method to perform: (FNA, core biopsy, and other
investigations)

5. Management decision: whether to refer the patient to a
multidisciplinary team and/or to geneticist, to discharge or to
follow-up (high-risk surveillance).

Designing the medical knowledge base

Evidence-based guidelines (see Table 1) were used to define the
logical reasoning about patient data as a set of arguments for and
against each option, for each of the four decisions. All selected
CPGs scored high (overall score of >60% in all domains) on a 23-
point AGREE scale (The AGREE collaboration, 2003) suggesting
their high rigour. An expert panel was formed comprising four
senior practising consultants from four relevant disciplines
(surgery, radiology, pathology, and genetics). The panel reviewed
the knowledge base for its accuracy in encoding the evidence-
based guidelines and consensus was achieved.

Hypothetical cases

We developed 15 hypothetical cases, designed to cover a range of
risk levels and clinical scenarios. Cases were adapted from a larger
number of real cases referred to the Guy’s Hospital TA clinic over
a period of 6 months. We specified all the patient data that would
be required for taking all four key decisions, such as complete
medical and family history, complete examination findings, and
test results. The set of 15 cases was reviewed by the expert panel for
the adequacy of data, as well as for internal consistency and
generalisability.

A knowledge base of 125 evidence-based arguments/facts
derived from the guidelines allowed TADS to mimic exactly the
expert panel’s recommendations for all decisions in the test set of

Table | Guidelines used in the DSS
AGREE
Specialty Guidelines score
Genetic risk assessment  NICE: Familial breast cancer 88
guideline
Diagnosis SIGN: Management of breast 82
cancer in women
BASO: Guidelines for surgeons in 69
the management of symptomatic
breast disease in the UK
NCCN: Breast Cancer Screening 75
and Diagnosis guidelines
Imaging ACR: Appropriateness Criteria 70
NHSBSP guidelines: Breast cancer 63
screening assessment (Pub. 49)
Pathology NHSBSP guidelines: Non-operative 63

diagnostic procedures and
reporting in breast cancer screening
(Pub. 50)

DSS = Decision Support System. The table includes overall AGREE score for each
clinical practice guideline out of a maximum score of 92.

British Journal of Cancer (2006) 95(1 1), 14901496

15 cases. From these 15 cases, three sets of five simulated cases
were established, each set taking a variety of scenarios.

Design of the study

We performed a crossover experiment with balanced block design
in which participating clinicians were asked to address the cases,
with and without decision support. A total of 36 breast clinicians
were opportunistically sampled from the population of breast
cancer clinicians who routinely conduct TA clinics in the south
east of the England. In all, 24 agreed to participate in the trial.

For the trial, TADS was designed to run in two ‘modes’ with
decision support either enabled or disabled. In both modes, the
patient information required to take a decision is displayed on the
computer screen at the decision point. In decision support enabled
mode (DS + ), recommended decision options are highlighted by
green ticks; non-recommended options are marked by red crosses.
The user can also see the medical reasons for and against each
option, along with hyperlinks to the referring guideline and
underlying literature evidence (see Figure 2). However, the user
always has the freedom to override system recommendations.

In decision support disabled (DS—) mode, the system displays
the list of options without highlighting recommendations (see
Figure 3). In both modes, the system anonymously captures and
keeps track of the options selected by the user at each decision
point, together with a record of what its own recommendation
would have been in the DS+ mode.

Each participating clinician was assigned to address two sets of
cases: one set with and one set without decision support.
Assignment as to whether decision support was to be made
available for the first or second set was randomly balanced to
control for any learning effect. To control for differences in the
difficulty of the case sets, the three sets of five cases were also
balanced so that each set was addressed the same number of times
in each arm of the trial. We refer to each patient being taken
through the four decisions by one subject as a ‘patient journey’, so
in total 120 patient journeys (24 clinicians going through a set of
five patients) were made with decision support and 120 without.

Sessions were conducted using a laptop computer in offices/
clinics in the various hospitals in which the participating clinicians
worked. All subjects were familiarised with the system using a
prepared training script. Throughout each session, subjects had
access to each patient’s data on paper as well as via TADS web

pages.

Statistical method

After the experiment was completed, the decisions made by each
clinician for each patient case were compared to guideline
recommendations as determined by our expert panel. Each ‘patient
journey’ was categorised as either ‘with deviations’, or ‘without
deviation’.

Deviations were empirically categorised by the expert panel as
follows:

e Minor or non-critical deviations that arguably would not result
in direct patient harm.
e Critical deviations that could potentially result in patient harm.

A further subgroup of critical deviations was identified as
irretrievable critical deviations, where a patient completed the
journey and was discharged. In practice, such errors would
typically not be spotted or rectified by other members of the team.

The analysis of the patient journeys was carried out on a per
clinician basis. The number of patient journeys that contained
errors or deviations in both decision support and no decision
support arms were compared using a Wilcoxon signed rank test.
We had 80% power to find a 15% significant difference (P =0.05).

© 2006 Cancer Research UK
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Figure 2 TADS screen with decision support enabled, showing decision options for the imaging for one case, to be taken after medical history and
examination. The system recommends an ultrasound scan but recommends against mammography and against doing nothing. For the decision option ‘Do a
mammogram of both breasts’, arguments for and against have been expanded to show the justifying evidence (an option available to the clinician for all
decisions, options and arguments). Links are provided to the relevant supporting literature, which can be accessed by the user if required (e.g. from PubMed).
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Figure 3 TADS screen with decision support disabled, showing options for imaging after medical history and examination have been presented.

RESULTS total of 60 deviations in the DS— arm of the trial, 16 were identified
as potentially critical, compared to only one in the DS+ arm
Population characteristics (P=0.001). In all, 10 out of 120 patient journeys without decision

support involved at least one deviation that was irretrievable and
potentially critical, compared to only one out of 120 with decision
support (P=10.02).

Examples of deviations or errors recorded in the study

Minor or non-critical deviations

The majority of our study population were male consultant breast
surgeons with intermediate computing skills. On average, they
were 42.9 years old with 9.4 years experience in the speciality of
breast cancer and had been conducting 1.8 TA clinics a week for
6.5 years.

The average time taken by each clinician to complete 10 patient
journeys was 37.2 min ranging from 24 to 61 min. e Requesting ultrasound as a screening tool in the absence of any

localised abnormality

Not requesting ultrasound for breast mass
Overestimating familial breast cancer risk
Underestimating familial breast cancer risk

Unnecessary referral to a geneticist (of a low-risk patient)
Unnecessary referral to multidisciplinary team.

Analysis of deviations

Sixty out of 120 patient journeys undertaken in the DS— condition
included at least one deviation (see Table 2), compared with only
16 out of 120 supporting the DS+ condition (P<0.001). Out of a

© 2006 Cancer Research UK British Journal of Cancer (2006) 95(1 1), 1490— 1496
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Table 2 Analysis of deviations in decision support and no-decision support arms

Without decision support (Total 120
patient journeys)

Patient journey
with at least one

Patient journey
without any

With decision support (Total 120 patient
journeys)

Patient journey
with at least one

Patient journey
without any

Type of deviation of deviation of deviation of deviation of P value by
deviation given type given type given type given type Fisher’s exact
All deviations 60 60 16 104 <0.001
Potentially critical 16 104 | 19 <0.001
deviations

Potentially critical 10 10 | 119 0.01
irretrievable

deviations

Potentially critical deviations

o Failing to perform FNA/biopsy in the event of a localised clinical
abnormality and normal imaging.

e Not requesting ultrasound when a mammogram showed
localised density/mass.

e Failing to carry out a repeat biopsy when the FNA report for a
breast lump was inconclusive.

e Failing to request a mammogram for symptomatic women over
35 years with high genetic risk.

o Failing to request a mammogram for a pregnant woman when
clinical examination and ultrasound were both highly suggestive
of malignancy.

e Not requesting a mammogram for a symptomatic woman over
30 years with high risk owing to mantle radiotherapy in childhood.

Questionnaires

At the end of the trial, we conducted a questionnaire study with
participants to learn more about their thoughts on the system. An
opinion on a five-point Likert scale, to the most basic statement:
‘patient care in TA would benefit from computerised decision
support’, was obtained from participants both before and after use
of the system. To investigate the change in opinion we used the
Fleiss Everitt simplification of the Stuart Maxwell test for matched
pairs (Fleiss, 1981) to look for a change in distribution of opinion
and then checked for systematic differences using the McNemar
test (McNemar, 1947). Overall, 10 clinicians maintained the same
opinion of TADS both before and after the experiment; 11 became
more convinced of its benefit and two became one category less
convinced (Table 3).

There was a highly significant difference in the change in
distribution of opinion (matched pair, 3d.f, y*=10.26, and
P<0.01). One person who disagreed with the statement before
did not change his mind afterwards, but of the 16 who were
undecided before, 10 changed their minds to agree with the
statement (2d.f, y*=8.1, and P<0.025).

SUMMARY AND DISCUSSION

The results obtained in this study suggest that a decision support
tool like TADS that supports multiple decisions in a care pathway
can significantly reduce deviations from best practice. Though the
majority of deviations observed were empirically characterised as
minor, those that involved unjustified referrals and unnecessary
tests could have had an adverse impact on resource usage and also
costs. After excluding minor deviations, differences remained
significant even for the small number of irretrievable deviations
that were potentially critical. There was an overall significant
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Table 3 Responses to the statement: ‘patient care in triple assessment
would benefit from computerised decision support’

Before using TADS After using TADS system

Strongly agree 3 3
Agree 3 I3
Undecided 16 6
Disagree I 2
Strongly disagree | 0
Total 24 24

TADS = The Triple Assessment Decision Support System. Ten clinicians maintained
the same opinion of TADS before and after; || became more convinced of its
benefit; two became one category less convinced of its benefit.

positive shift in the opinions of participating clinicians towards
TADS after they had used it.

This study forms part of the CREDO project, which is
investigating whether evidence-based decision support technology
can help to improve quality and safety of decision making in
cancer care, and in particular whether PROforma technology can
provide comprehensive support for the real cancer journey, taking
breast cancer as a model. Previous studies have looked at use of
CDSS systems in genetic risk assessment (for breast and ovarian
cancer) and detection and interpretation of abnormalities in
mammograms, with promising results. This study represents a
significant advance on these studies by considering TA, which is
an important and more complex component of breast cancer
management. Where earlier studies focused on a single decision,
TADS includes four interdependent decisions as well as manage-
ment of the clinical workflow required to provide a TA service.

The study adds to a growing body of evidence that decision
support systems have significant value, both because of the focus
in cancer, where there is still relatively little specific evidence about
use of CDSSs and because almost all CDSS results, which have been
systematically reviewed, have only considered individual decisions.
The results give increased confidence that the CREDO objective of
supporting the whole cancer journey is technically practical, that it
could provide measurable benefits, and that such services will be
acceptable to cancer professionals.

The results of the study may, however, need to be treated with
some caution.

First, the study was conducted with simulated patients; the
simulations were based on real cases but for this systematic
comparison of decision making with and without decision support
ethical and practical constraints forced us to use computer-based
presentation of patient data rather than real patients. In previous
research, however, simulated case scenarios have been shown to be
good predictors of clinical performance (O’Hagan et al, 1986). Our
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control group also had patient data displayed to them through web
pages, but paperless records have been shown to be more
understandable than paper-based records (Hippisley-Cox et al,
2003) and subjects in the control group were forced to consider all
pertinent patient data and make all decisions in our simulation.
Continued exposure to CDSSs may improve clinical performance
still further as users get more experienced in their use. In other
studies we have asked actors to play the role of patients, with similar
results in terms of improved decision-making. Using trained actors
to role-play patients is an accepted technique which accurately
predicts behaviour in real clinical settings but is still a very
demanding evaluation technique in complex, multi-decision settings
like TA. Given the generally positive results reported in studies of
CDSSs and in the absence of a reason to suggest that our results
could be an artefact of the simulation we are inclined to accept the
findings. For the present, however, the results must be treated as
indicative rather than definitive until a full RCT has been completed.

Second, the simulated cases were deliberately more varied than
one would find in a typical TA clinic. One of our aims was to test
the effect of the software in differing scenarios. Consequently,
more diverse cases than one would typically find in 15 cases
chosen at random were presented. It may also be argued that our
study sample of doctors was not representative but consisted of a
self-selecting group of sufficiently computer literate clinicians.
However, we see no reason to doubt the apparently substantial
benefits of decision support purely on this variety; rather the
reverse. Indeed only six clinicians thought that their decision-
making in TA would benefit from decision support before they
participated in the study while after participation this figure
increased to 16.

The SOR methodology is a particularly relevant context in which
to consider the extension of CPGs to include decision support
capabilities because it has been developed primarily with cancer
applications in mind, and because the participants in the SOR
programme have created a great deal of oncological content which
might be enhanced with decision support functions. The
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PROforma approach seems well suited to adding value to SOR
CPGs because of the straightforward mapping between SORs and
the PROforma decision model. This model is based on the
automated construction of arguments for and against decision
options, where each argument has an explicit logical justification
together with an evidence-based grounding in published research.
PROforma can also be used to add value to other document-centric
guideline systems like GEM (Shiffman et al, 2004) but the SOR
method is attractive because of the rigorous approach taken to the
creation of a large set of cancer CPGs. We may also note that
PROforma can offer a variety of additional services over and above
decision making which are relevant to routine cancer care,
including treatment planning and the management of clinical
trials and capture of patient data with electronic CRFs.
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Summary

Continuation chemotherapy is a key component of the treatment of
childhood acute lymphoblastic leukaemia. During this treatment phase,
weekly dose adjustments are carried out based on current and historical full
blood counts (FBCs). The dose decision pathway is complex and suboptimal
therapy may result if information on FBC results is not readily available and/
or the prescriber is inexperienced. A web-based decision-support system
(Leukaemia Intervention Scheduling and Advice, ‘LISA’) was designed to
facilitate access to FBC information across geographical locations and to
assist with dosage adjustments. A balanced-block crossover analysis was
performed to evaluate the system. Thirty-six clinicians with varying degrees
of experience were each asked to decide on appropriate oral chemotherapy
dosages for eight simulated cases: four using LISA and four without. LISA
significantly reduced the number of erroneous prescriptions (zero of 144 with
LISA vs. 54 of 144 without; P < 0-0001) without affecting the number of
times subjects deliberately overrode the protocol (seven of 144 times using
LISA and six of 144 without). Using LISA reduced the time taken by novices
to reach a decision for each case but increased the time taken by experts.
Thirty-five of 36 subjects said they would be likely to use the system if it were
available. A system like LISA is likely to be acceptable to clinicians, and has
the potential to increase protocol compliance and decrease prescribing errors
while allowing clinicians to override the protocol in specific cases where
sound reasons exist for doing so.

Keywords: childhood haematological malignancies, computing, chemother-
apy, clinical trials, acute lymphoblastic leukaemia.

The overall survival of children with acute lymphoblastic
leukaemia (ALL) is now over 70%, both in the UK (Hann et al,
2001) and elsewhere (Gaynon et al, 2000; Schrappe et al, 2000;
Pui et al, 2004). Current treatment protocols specify an initial
remission-induction phase followed by pre-emptive treatment
of the system. This is followed by
re-intensification and at least 24 months of continuation

central nervous
therapy. The mechanisms by which this final phase of
treatment acts remain speculative, but it is recognised as a
critical component of the management of ALL. Decreasing the
duration of continuation therapy leads to lower survival rates
(Baum et al, 1979; Anon, 1982; Chessells et al, 1986), while
increasing its duration from 24 to 36 months has led to an
improvement in outcome in boys (Gaynon et al, 2000).

doi:10.1111/1.1365-2141.2005.05541.x

Mostly continuation therapy uses a combination of oral
6-mercaptopurine (6-MP) and oral methotrexate (MTX).
Usually 6-MP is given daily and MTX once weekly (Hann
et al, 2000). In the UK, steroid and vincristine pulses are given
monthly and intrathecal MTX every 3 months (Hann et al,
2000). The main toxicity during this phase of treatment is
myelosuppression. The incidence and severity of this is related
to the dose of 6-MP administered and to genetic variations in
xenobiotic pathways responsible for thiopurine metabolism
(Lennard et al, 1997; Relling et al, 1999a). However, the
cumulative dose of thiopurine received during the continu-
ation period is predictive of survival (Schmiegelow, 1991;
Relling et al, 1999b) and children who never become neutro-
penic during continuation therapy have a poorer outcome
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than those who have episodes of neutropenia (Schmiegelow
et al, 1988; Dolan et al, 1989; Schmiegelow & Pulczynska,
1990; Chessells et al, 1997). Thus, the maximum tolerated dose
needs to be given (Schmiegelow, 1991; Relling et al, 1999b). As
the dose tolerated varies from time to time in every child,
delivering optimal therapy while preventing severe neutrope-
nia and thrombocytopenia requires the routine monitoring of
full blood counts (FBCs) and regular dose adjustment. If the
dose is escalated too quickly, it will lead to prolonged periods
of neutropenia. As therapy needs to be temporarily stopped
during this time, this will lead to a decrease in the cumulative
dose, and frequent neutropenia is thus associated with an
adverse outcome (Relling et al, 1999b). Regular, minor dose
adjustments are preferred. This requires intensive monitoring
and scrupulous attention to the dosing schedule. The simplest
and most sensitive approach appears to be the measurement of
the absolute neutrophil count (ANC) and platelet count on a
weekly/fortnightly basis (Schmiegelow et al, 2003).

While such monitoring may be easy to do on an individual
basis, on a trial scale there are a number of logistical problems.
In the UK, children with cancer are managed on a ‘hub and
spoke’ model (Haward, 1995), with treatment shared between
tertiary hospitals, secondary hospitals and community-based
teams. At the hub is the specialised paediatric oncology centre
(POC) while the spokes are paediatric shared-care units
(POSCUs), based in district general hospitals geographically
closer to the child’s home. During continuation therapy
children generally return to the POC once every 3 months for
intrathecal medication but all other treatment is carried out at
the POSCU. Weekly blood counts are often done by the
community teams and dose adjustments are made at home or
in the clinic at the POC or POSCU, by nurse practitioners,
clinical nurse specialists or doctors. To make an informed
decision, the health worker requires not only the latest FBC, but
also the results of blood counts taken in the preceding 12 weeks
and details of the dose of 6-MP and MTX given during that
period. Currently this data is hand written in flow sheets and/or
patient records, with copies held by parents. These records are
often incomplete, or not readily available when required by
clinicians making dosage adjustments. At the inception of this
project, we audited the paper-based practice at a single POC.
This audit showed that approximately 30% of FBC results and
oral chemotherapy doses went unrecorded. Moreover, the
recorded dosage decision was judged to be inconsistent with
protocol guidelines in 7-4% of cases (unpublished observa-
tions). As none of this data is recorded or fed back to trial
coordinators, any inferences about the contribution of con-
tinuation therapy to outcome is potentially erroneous.

Our approach to addressing this problem has been to
develop an easily accessible computerised database shared
between all health care workers at POCs and POSCUs. Blood
counts and dosage decisions are recorded on this database, and
all recorded clinical information is simultaneously available to
all relevant staff as well as the trial coordinators. We have
incorporated decision-support tools, based on protocol-

Decision Support for Continuation Therapy in Childhood ALL

defined rules for dosage adjustments during continuation
therapy. Our aims have been to make the health care worker’s
task easier, to support the standardisation of treatment within
the context of the UKALL trials, to promote ‘doctor compli-
ance’, and to maintain a record of deviations from the
protocol. This report describes the design, implementation and
preliminary evaluation of the system, which we have named
Leukaemia Intervention Scheduling and Advice, or LISA for
short.

Subjects and methods

LISA

Design of the LISA interface. The LISA clinical interface and
decision-support system was developed as a modular extension
to an oRACLE database used to support the national trial for
relapsed childhood ALL (UKALL R3). For the LISA project, a
separate interface was developed to specifically provide those
functions a clinician might need when modifying oral MTX
and 6-MP levels during continuation therapy. Our aim was to
develop a system that could be used with minimal training at
both POCs and POSCUs. A web-based implementation was
employed to allow for variations in Information Technology
(IT) infrastructures at different sites and minimise local
maintenance requirements.

Figure 1 shows the clinical user interface designed for LISA.
Once a clinician has logged in, they have access to clinical
information on all their ALL patients (i.e. those at their POC or
POSCU). The data displayed includes: date of birth, trial details,
point of treatment reached, current doses of oral chemotherapy
and historical FBC and drug dosage information. Clicking on
any row of the clinical information table returns a list of specific
clinical tasks that would usually be indicated that week (for
example, the administration of intrathecal MTX or intravenous
6-MP). If a user enters new FBC data, the decision-support
system is invoked to provide guidance as to whether doses of
oral chemotherapy will need to be adjusted and if so, how.
Context-specific justification is provided for the system’s
recommendations, and links to an online version of the
protocol document are available should users require further
information. Guidance on dose adjustments is given in terms of
the percentage of the ‘standard’ dose of MTX and 6-MP. This
information is provided within a dose calculator window,
which also calculates and displays the dose in milligrams, both
exactly and rounded to the nearest prescribable figure. Users are
able to override the system’s recommendation by changing
either the dose in percentage terms or in milligrams, with
reciprocal changes in other parameters being calculated auto-
matically. A demonstration version is available at http://
www.openclinical.org/dm_lisa.html.

Design and development and of the decision-support module. The
decision-support component of the LISA system was
PROforma

implemented  using the decision-support
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Fig 1. Screenshot of the Leukaemia Intervention Scheduling and Advice (LISA) clinical interface, showing patient details and blood/dosage history
for a simulated patient. Entering a new blood result invokes the decision-support system, which proposes appropriate dose modifications (if any) and

automatically calculates the required dosage.

technology (Fox et al, 1997; Sutton & Fox, 2003), developed at
Cancer Research UK (see http://www.openclinical.org/
gmm_proforma.html). PROforma is one of a number of
knowledge representation languages developed in recent years
to support the modelling of clinical protocols, guidelines and
care pathways in a machine-interpretable form for use in
computerised clinical decision-support systems (Peleg et al,
2003; de Clercq et al, 2004). To model continuation therapy in
PROforma, we first identified the various combinations of dose
levels of oral 6-MP and MTX that a child may be prescribed
during continuation therapy. We identified seven different
standard dosage combinations implicitly defined in the
treatment protocol: 0% 6-MP and 0% MTX; 50% 6-MP and
50% MTX; 100% 6-MP and 100% MTX; 125% 6-MP
and 100% MTX; 125% 6-MP and 125% MTX; 150% 6-MP
and 125% MTX; and 150% 6-MP and 150% MTX. These
dosage patterns acted as states in the state-transition network
model (Martin & McClure, 1985) of continuation therapy. An
eighth state was also defined to describe patients on non-
standard combinations of dosages (i.e. ‘off protocol’). Twenty-
six legitimate transitions between these states (i.e. protocol
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identified. The
circumstances under which each of these transitions are
indicated could be completely and unambiguously defined
the current platelet and absolute

compliant dose modifications) were

using five parameters:
neutrophil counts, the current state, the number of weeks
that the patient has been at the current state, and number of
weeks that the patient has tolerated treatment. This state-
transition network was modelled using a single PROforma
decision task, with eight possible outcomes (‘candidates’).
Each of these candidates had between one and five arguments
associated with it, each referring to different clinical scenarios,
expressed in terms of the five parameters listed above.

Software testing and safety assurance. A combination of
1977) and both
automated and manual empirical software testing and was

n-version design (Aviziensis & Chen,

employed to ensure that the LISA decision-support module
performed as intended. We created a second, redundant
decision-support component, programmed using JAvaA rather
than PROforma, to validate the LISA output. Ranges were
identified for each of the five input parameters, within which
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specific values should be functionally equivalent (equivalence
partitioning; Bezier, 1990). For example, all ANC values under
05 are functionally equivalent because all should lead to the
system recommending that therapy be interrupted until the
ANC recovers. We then identified a total of 311 040 possible
combinations of input parameters to the system, based on
values at the midpoint of each equivalence range for each
parameter, and values adjacent to the boundaries between
ranges. An automated testing process was devised whereby
each of these 311 040 inputs was presented to both the
PROforma and java versions of the decision-support module
at the same time. The testing software checked that the output
of both systems concurred in each case, and also served to
verify the completeness and consistency of the model. This
process was repeated using a subset of 1440 inputs, which
together represented every possible functionally equivalent
input. The output of the system in response to each case was
manually checked by a single observer. The behaviour of the
LISA system as a whole was also tested. A test matrix was
devised that incorporated all of the state-transitions identified
above and thus reflected all possible dose-modification scenarios
during continuation therapy. The behaviour of the LISA system
in each of these scenarios was then tested and found to be
consistent by three independent observers, using a test database
created from anonymised patient data (Hurt et al, 2003).

Clinical evaluation of the system. We performed a balanced-
block crossover experiment in which clinicians with varying
degrees of experience of making dosage adjustments were asked
to address simulated cases, with and without the LISA system.
The experiment was designed to provide quantitative data
about the time taken to use the system and the impact of the
system on dosage decisions. At the same time, using the system
to solve plausible cases stimulated users to think about the
strengths and weaknesses of the system, and its potential role in
their decision-making. After completing the test cases, subjects
were asked to complete a questionnaire about their experience
of the system, and participated in a semistructured interview.

Simulated cases

Simulated cases were developed that represented typical
problems in adjusting doses of oral chemotherapy during
continuation therapy. Three sets of four such cases were
devised, with each set comprising two simple cases and two
that were more involved. For each case, a patient history was
devised (derived from real cases), comprising a set of
sequential, weekly blood counts and drug doses. Cases
covered each of the key scenarios that arise during
maintenance therapy: stopping therapy in response to very
low platelet or neutrophil counts; reducing therapy in
response to moderately low platelet or neutrophil counts;
reintroducing stopped or reduced therapy once counts have
recovered and increasing therapy doses in response to
prolonged tolerance.

Decision Support for Continuation Therapy in Childhood ALL

Subjects

Clinicians at three POCs and five POSCUs were invited to
participate. A purposive sampling strategy (Barnett, 1991) was
adopted to identify subjects with differing levels of experience
in the management of ALL. Volunteers were stratified into
three groups of 12 each — novices, intermediates and experts.
Novices were defined as clinicians with some familiarity with
the protocol, but who did not usually have responsibility for
making dosage modifications. Intermediates were defined as
clinicians with responsibility for making dosage adjustments,
but who would be expected to seek advice from a senior
colleague when necessary. Experts were defined as clinicians
very familiar with the protocol and its rationale and whose role
involved giving advice to less experienced clinicians (i.e.
novices and intermediates) when asked.

Balancing of simulated cases

Each subject was asked to address two sets of cases, one set
using the computerised LISA system and the other using pen
and paper. Eighteen subjects were asked to use LISA for the first
set of four cases, and 18 used LISA for the second set of cases.
The sets given, and the order in which they were given, were
balanced both within the subject population as a whole and
within each strata of expertise. Thus, each case was addressed an
equal number of times by novices, intermediates and experts,
using LISA or pen and paper, and as part of either the first or
second set of cases addressed by an individual subject.

Conduct of sessions

Sessions were conducted in a simulated office environment.
The nature of the study was explained to subjects individually
at the start of each session. All subjects were familiarised with
the LISA system according to a standardised training script in
which with the investigator asked them to perform a standard
sequence of tasks (opening the system, logging on, selecting a
patient, entering a new blood result, etc.). This script was
designed to ensure that all subjects were familiar with all of the
functions that they would require to address the simulated
cases, as well other functions on which their feedback was to be
sought. Throughout each session, subjects had access to a
paper copy of the treatment protocol, summaries of the rules
for dosage modifications during continuation therapy, a
calculator and scrap paper. For cases to be addressed without
LISA, subjects were given a folder containing paper charts of
previous blood counts and chemotherapy doses for each
simulated patient. Test cases were presented one at a time, in
the form of a new blood count result for a given simulated
patient. Subjects were asked to record, either on the LISA
system or on in the paper record as appropriate, what
modifications to oral 6-MP and MTX dosages, if any, would
be indicated by the protocol in response to this blood count.
For example, a fall in the neutrophil count to between 0-5 and
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1 should prompt the subject to propose a reduction in the
dosage of both drugs to 50% of the standard dose (60 mg/m>
for 6-MP and 20 mg/m? for MTX). Subjects were also asked to
calculate the actual dose (in mg) to be prescribed. The time
taken to perform this task was recorded, as was the dose of
each drug ultimately prescribed by the subject. For each case,
the appropriateness of the subject’s interpretation of the
protocol was assessed, as was the accuracy of their calculation
of the final dose of each drug to be prescribed.

Questionnaire

After using the LISA system and addressing the simulated
cases, subjects were asked to complete a questionnaire. This
sought to establish firstly how valuable users felt various
functions would be in an idealised, hypothetical system for
assisting with dosage adjustments during maintenance therapy
for ALL. Secondly, the questionnaire asked how easy to use
they had found each of the various functions provided by the
LISA system, and about the subject’s attitudes towards the
system in general. The majority of questions on both
questionnaires were ‘closed’, with answers being either a
5-point Likert scale or ‘Yes/No’ type.

Interviews

At the end of each session, subjects were interviewed about
their experience of using the system during the study.
Interviews were semistructured, with set topics covering what
users liked most or least about the system, the changes they felt
needed making to the system prior to its deployment, the
additional features subjects thought could or should be
included in the system and the obstacles they thought would
be encountered in trying to deploy the system in their
institution. Subjects were also asked if they had deliberately
deviated from the protocol on any case. Open-ended discus-
sion beyond these topics was encouraged, and subjects were
asked to expand on any comments they had made when using
the system. Written notes were taken, supported by audio
recordings. These notes and recordings were subsequently
transcribed and the emergent themes identified.

Statistical methods

The number of errors subjects made when using LISA was
compared to the number of errors made with traditional pen
and paper by the Marginal Homogeneity test. Comparisons of
error rates between subgroups (novices, intermediates, experts)
were made using the linear-by-linear association test (Agresti
et al, 1990), for both protocol interpretation and dose calcu-
lation errors. For each subject, the mean of the times taken to
address the four cases with LISA was calculated, as was the
mean of the times taken with pen and paper. The difference
between the two was compared using ANova, fitting main
effects for and two-way interactions between the following

three factors: expertise (novice, intermediate and expert), case
set (1, 2 or 3 — six combinations in total) and whether LISA was
used for the first or the second set of cases by a given subject.
The comparisons of error rates were performed using the exact
P-value methods implemented in statxact v4-0 (Cytel Soft-
ware Corporation, Cambridge, MA, USA) and all other analyses
were performed using stata 82 (StataCorp, College Station,
TX, USA). P-values of <0-05 were considered significant.

Results

Clinical evaluation: quantitative data

Time taken to reach a dosage decision. The mean time taken by
subjects to select an appropriate dosage level and calculate the
required dosage of both drugs is presented in Table I. There
was no significant difference in the time taken to use the
system between novices, intermediates and experts (P = 0-82).
Across all subjects, using LISA made no impact on the time
taken to perform the decision-making and calculation task
compared with the time taken when using pen and paper
(P = 091). However, experts were significantly faster at
addressing cases without the system than novices were
(110-8s wvs. 156'5s, P = 0-01). Accordingly, using LISA
reduced the time novices took to address cases (125'4s with
LISA vs. 156-5s without, P = 0-035), whilst increasing the time
taken by experts (133:6s with LISA vs. 110-8s without,
P = 0005). Use of the system did not have a significant
impact on the time taken by intermediates to address cases
(127:0 vs. 133-1s, P = 0-56).

Protocol compliance. When LISA was not used, the dosage level
(in percentage terms) selected was inconsistent with the rules
defined in the protocol in 38 of 144 cases (26:4%). In six of
these cases the subject reported deliberately deviating from the
protocol, judging strict adherence to the protocol to be
inappropriate (Table II). These deliberate deviations from the
protocol were all made by subjects in the ‘expert’ group. A
trend towards an inverse relationship between expertise and
the frequency of protocol-interpretation errors was observed,
with accidental deviations from the protocol being made by
novices in 14 cases, intermediates in 11 cases and experts in 7
cases (P = 0-12, linear by linear association test).

In the 144 cases addressed using LISA, subjects made
deliberate deviations from the protocol with respect to the

Table I. Time taken (in s) to decide on appropriate dosage levels and
calculate doses, with and without LISA.

Without LISA With LISA P-value
Novices 157 125 0-035
Intermediates 127 133 0-56
Experts 111 134 0-005
All subjects 131 130 091
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Table II. Errors made in interpreting the protocol and calculating
doses.

Non-intentional

Deliberate deviation from Calculation

deviation protocol error

Cases addressed without LISA (n = 144 in total, 48 per group)

Novices 0 14 10
Intermediates 0 11 13
Experts 6 7 10
All users 6 32 33
Cases addressed with LISA (n = 144 in total, 48 per group)
Novices 0 0 0
Intermediates 2 0 0
Experts 5 0 0
All users 7 0 0

In some cases that were addressed without LISA both protocol-inter-
pretation errors and calculation errors were made, hence in total 54 of
144 of these prescriptions showed errors (37:5%).

dosage level selected seven times. In five of these cases,
the subject was in the expert group, with one user in the
intermediate group responsible for the other two cases. There
were no non-deliberate deviations from the protocol when
using LISA.

Dosage calculation. Errors in calculating the correct dosage of
one or more drug occurred in 33 of the 144 cases addressed
without LISA (22:9%). There was no significant difference in
the distribution of these arithmetic errors between clinicians of
different expertise; 10 such errors were made by novices, 13 by
intermediates and 10 by experts (Table II; P = 1-00, linear by
linear association test). There were no arithmetic errors when
using LISA. Overall, the proportion of prescriptions containing
either protocol interpretation or dosage calculation errors was
zero of 144 with LISA and 54 of 144 without (P < 0-0001;
Marginal Homogeneity test).

Functionality and usability of the system. The function most
highly valued in principle by users was the provision of a table
of previous blood results, with a mean rating 4-85 on a scale of
1-5. The least valued function was the display of previous
results in graphical form (mean rating 3:62). All other
functions scored mean ratings between 4-44 and 4-79. Scores
for the ease of use of the functions as implemented in LISA
varied between 419 (‘Viewing and understanding the graph of
previous blood results’) and 459 (‘Getting advice on what
dosage level of oral chemotherapy is appropriate’). When
asked how strongly they agreed with the statement ‘T would feel
more pressure to follow the protocol strictly, rather than using
my clinical judgement when appropriate, when using LISA
rather than a paper version of the protocol’, no subject
indicated strong agreement or disagreement, with the mean
score being 2:93, on a scale of 1 (strong disagreement) to 5
(strong agreement).

Decision Support for Continuation Therapy in Childhood ALL

Acceptability of the system. Thirty-two subjects answered Yes’
to the question: “‘Would you be likely to regularly use the
system you’ve just tried, as it stands, if it was made available at
your institution? Of the four who answered ‘no’, three
answered ‘yes’ to the question “‘Would you be likely to regularly
use a system like this if it was made available at your institution
after any identified

addressed’?

shortcomings you’ve today were

Qualitative data

Analysis of the transcripts of interviews identified a number of
recurring themes. Topics largely fell into three categories: user
interface issues, issues relating to the role of the clinician and
the computer in decision-making, and organisational issues.
The three users who reported that specific shortcomings
needed to be addressed before they would be likely to use the
systems cited the requirement for a back-up paper record to be
maintained in case of system failure (two subjects), and the
need to be able to ‘backtrack’® when navigating through the
system (one subject). Although the comprehensiveness of the
clinical information presented in the user interface was
generally felt to be a positive attribute of the system, some
users commented that the presentation of information was
dense and that some of the text was small. Some specific
problems with navigating the system were also highlighted,
particularly switching between the display of clinical informa-
tion for the current treatment cycle and that for previous
cycles.

Discussion

The LISA system was designed as a decision-support tool,
integrated within a web-based clinical trial management
system created to support a national trial for children with
relapsed ALL. With patient care in such trials split over a
number of different institutions, maintaining an up-to-date
paper record of clinical information becomes difficult. Web-
based systems are increasingly being used to run multi-
institutional clinical trials (Kelly & Oldham, 1997; Lallas et al,
2004). However, therapeutic trials not only collect data but
also require clinicians to make treatment decisions based on
guidelines specified within trial protocols. To do this, doctors
need access to both good quality up-to-date clinical data, and
to treatment guidelines and rules specified within protocol
documents. The wide range of clinicians involved in patient
management leads to differences in protocol interpretation
and execution (Vissers et al, 1996). LISA provides the clinician
with instant access to all the information required to make a
decision between therapeutic alternatives during continuation
therapy for children with ALL. Active decision-support tools
are provided along with access to textual guidelines, allowing
even those less familiar with the protocol and its rationale to
make an informed and appropriate decision. While such web-
based decision-support systems have been described in paedi-
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atric practice (Ramnarayan et al, 2003), to our knowledge this
is the first evaluation of such a system in the context of a
national paediatric cancer trial.

The major quantifiable benefit of LISA demonstrated in this
study is a potential reduction in the number of arithmetic and
protocol-interpretation errors made by clinicians prescribing
oral chemotherapy. When LISA was not used, protocol-
interpretation errors tended to be made more frequently by
subjects least familiar with the domain, but it is noteworthy
that arithmetic errors were made with similar frequency by all
subject groups, regardless of clinical experience. Most such
errors seen in this study were unlikely to have immediate
adverse consequences (e.g. rounding errors and minor misin-
terpretations of the protocol). Cumulatively however, such
errors will contribute to eventual clinical outcomes, with the
possibility of more serious errors leading to life-threatening
situations in children with ALL (Peeters et al, 1988).

The time taken to use LISA in this study is within the
practical limits of a real clinical situation, such as in the clinic
or day case unit. It should be noted that participants in this
study were asked to use an unfamiliar program for the first
time. We anticipate that, in practice, clinicians will become
faster in using the system as they become more familiar with it.
One area where real world considerations may slow down the
use of LISA in practice is user identification and authentication.
The version of LISA used in this study requires users to log in
using a unique username and password. This provides
individual users with access to records of only those patients
whose care they are directly responsible for. Patients are not
listed by name, but instead clinicians must select a patient by
entering their date of birth and trial ID number. This ensures
the system is compliant with current best practice with respect
to patient confidentiality and data security. Roll out of the
LISA system might necessitate modification to the details of
the approach used, but any proposed access mechanism must
be carefully considered to ensure it does not adversely impact
on the overall usability of the system.

At present there is no widely accepted standard in the UK
for interfacing to laboratory systems, so automatic extraction
of haematology data from laboratory results systems at
different sites would require the development of separate
middleware at each POC/POSCU. This is not technically
demanding but would require the involvement of local IT
departments. In practice, the need to enter data manually did
not unduly concern subjects in this study — indeed some
commented that they found doing so to be beneficial as it
encouraged them to actively think about each case, reducing
the risk of de-skilling. LISA’s decision-support module is
robust to missing data as far as possible, so failure to enter
blood count data in a given week (or not taking the FBC)
would not cause the system to fail when next used. If
insufficient data are available to unambiguously interpret the
protocol, the system requires the user to select a dose level
manually, but calculations of specific doses are still done
automatically. Local data managers are currently responsible

for collating blood counts and dosage data from POCs and
associated POSCUs for trial management purposes, and the
same route could be used to ensure LISA’s database is kept up
to date.

Increasingly, the management of children with ALL on
continuation therapy will devolve to Nurse Practitioners and
Clinical Nurse Specialists. With such developments comes the
necessity to document the adherence to complex treatment
plans and maintain clear audit pathways. These requirements
are readily supported by LISA. In interviews, a number of
participants commented that the system particularly supports
less experienced decision-makers by providing them with
reassurance that their decision-making is consistent with the
protocol and that their drug dosage calculations are appro-
priate. Others suggested that the system provided valuable
confirmation of their own judgement, and gave reassurance
that their interpretation of the protocol and their calculations
were correct. Thus, the system also has an educational role in
familiarising individuals with the principles of dosage adjust-
ments during continuation therapy.

The guidelines for dosage adjustments during continuation
therapy in childhood ALL are not rigid but are provided as an
outline. Some patients, for example, show a differing response
to the chemotherapeutic agents used because of polymor-
phisms in enzymatic pathways involved (Lennard et al, 1997;
Relling ef al, 1999a). Clinicians must therefore use their
judgement and ‘deviate’ from the recommendations when
necessary, and it is important that systems like LISA permit
such flexibility. The findings in this study are reassuring in this
respect. Subjects did not report in the questionnaire that they
would feel more pressured to adhere strictly to the protocol
when using LISA, and there was no difference in the number of
times subjects deliberately deviated from the treatment pro-
tocol when LISA was used as opposed to the paper version of
the protocol. The modular design of the LISA system means
that the decision-support module can be adapted with
minimal requirement to recode other components of the
system. Changes to the guidelines for dose adjustment
specified in the trial protocol were readily incorporated during
the lifetime of this project, and broadening the scope of the
system to incorporate advice on other situations (e.g. cessation
of cotrimoxazole in response to prolonged neutropenia) would
be possible.

The shared-care model means that LISA must be available to
all those responsible for the care of individual children with ALL
irrespective of their geographical location. Widespread adop-
tion of the system will thus require both national support as well
as local backing from individual institutions, but LISA’s web-
based design will keep implementation costs to a minimum.
Subjects in this study generally found the system easy to use and
intuitive, and were able to learn to use it after only minimal
training. Availability of computers was cited by some as a
possible barrier to implementation. However, LISA is designed
to be accessible via Internet-enabled personal digital organisers
or mobile phones as well as desktop computers. Potentially, this
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will allow Nurse Practitioners to receive decision support while
making dose adjustments at a child’s home.

LISA demonstrates the applicability of computerised decis-
ion-support systems to improving compliance and reducing
prescribing errors within clinical trials. The system will now be
tested nationally as part of the UKALL R3 national trial. We
have previously commented on the importance of continu-
ation therapy in childhood ALL. The results of our preliminary
audit suggested a lack of uniformity in how different clinicians
prescribe oral chemotherapy at a single centre. In this study,
involving clinicians from three POCs and five POSCUs, we
found frequent inadvertent deviations from the protocol. A
web-based system, such as LISA, will decrease the frequency of
such errors, standardise treatment for children on the national
trial and record all deliberate deviations from protocol. It will
also provide centrally accessible data on cumulative drug
doses, periods of neutropenia and interruptions to oral
chemotherapy during continuation therapy. Such data are
required if we are to understand how continuation therapy is
instrumental to the care of childhood ALL.
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