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PROforma technology (MIE 96)

FO logic language for modelling decision-making
and workflow In uncertain and time-evolving
environments

|ntegrating rule-based, object-oriented and task-
network paradigms

Formal notation for specifying tasks and processes

Graphical and CASE tools for authoring task
networks

L anguage has procedural as well as declarative
reading, permitting machine enactment of
PROforma specifications



PROforma “tasks’

A task Is an encapsulated body of
knowledge designed to achieve a specific
clinical objective, either in isolation or as a
component of a more complex process. The
knowledge encapsulated in atask typically
Includes both logical and control
knowledge. A task can often be viewed as a
module that may be reused across
applications.



PROforma theory

 Bringstogether ideas from mathematical logic,
psychology of reasoning and judgement, and Al

e Clinical “agents’ use an extended BDI model
which supports task objects, decision making
under uncertainty, plan enactment

e Formalised in terms of classica and non-classical
logics

Fox and Das, Safe and Sound, MIT Press 2000



“Minimal” task ontology
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Arezzo® toolset

* Waell engineered development environment
— Graphical authoring tool
— Ontology modeller
— Enactment engine
— Syntax-directed editor and model-checker
— Integrated tester

e Arezzo 2i (2000) version supports web
delivery and other refinements

InferMed (1998)
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{1 Check Protocol

| &rezzo Guideline: Cancer_risk_assessment 4
A= 05092000, 131735 =/

plan »: Cancer_rigk_azsessment
caphion ; 'Cancer rizk azzezzment guideling' ;
component :: Personal_historny ;
companent : Family_kistary
component ;- enguing ;
component : Rizsk_azsezsment ;
gchedule_constraint :; completed[Perzonal_hizton]
schedule_constraint - completed[Family_histary]
component : decizions
gchedule_constraint ; completed]enguind] ;
component ;; action] ;
schedule_constraint - completedRizk_assessment]
gchedule_constraint - completeddecizion?) ;
component :: Moderate_nisk_pathway ;

2 Ermaors
2w armings

WWARMING 002 Plan:
- Mo components in plan

ERROR 001 Enguin: enguined
* lncomplete tazk definition - no sources defined

ERROR 002 Decizion: decizion?
* lncomplete tazk definition - no candidates defined

WAARMING 001 Decizion: decision:
- Mo recommendation riles defined

High_rizk_pathway




Arezzo decision editor

Decizion Editor on tazk: Risk_azsezzment

Sources Candidates Arquments for: elevated_risk
| Argument Condition
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PROforma language syntax

o Formal specification language for modelling the process
component of clinical expertise
» First-order language supporting
— The concept of task (minimum ontology)
— Data and concept definitions
— Temporal expressions
— Arithmetic and other common functions etc. etc.
e Syntax definitions available as

— BNF
— DTD



PROforma language semantics

e Support role or autonomous agents

— BDI model augmented with temporal reasoning and
uncertainty management

« Dataand knowledge representation
— Equiv to Horn clause logic (closed world negation)
— Argumentation for decision making
— Logic of obligation and time for scheduling

e Task enactment
— Sequential or parallel pathways
— Synchronous (scheduled) or asynchronous execution



Shared features with other reps

Rules and functions encapsulated in tasks

Tasks composed into time-oriented
networks

Nesting of processes (through plans)
Support for seriality, concurrency, iteration
Explicit support for decision making

Interface primitives (actions, enquiries)
through API



Distinctive features

“Minimal” task ontology

Focus on process, not patient data, ontological
tools etc. (we aim to provide APIs for these)

Concern with formal issues:

— Clear semantics

— Verification and validation

— Explicit safety management
Autonomous operation as well as support modes
Generic agent model (not necessarily clinical)



Current | CRF research:
Clinical applications



RAGS: Risk Assessment in Genetics

Andrew Coulson, David Glasspool
Jon Emery (CRC Fellow) and GPRG, Oxford




im. Patient Azsessment Beport E

REFERRAL ADVICE

It wwould be appropriate ta refer this patient to the breast clinic.

currertly it iz unlikely that she wil he & candidate for gene testing bt
additional zcreening for breast andior ovarian cancer will be dizcuzsed.

im. Patient Azzeszment Heport

The followying information applies ORLY to the highlighted path. :l

Thiz patiert iz at moderate rizk of being a gene carrier because,
on the highest-rizk path of inheritance found by the program:

ither (7] * The mather of the presenting patient iz affected, which indicates
an increased risk level.

*0ne first-degree relstive (FDR) iz affected (Each affected FDR
indicates an additional risk factor]).

* 0one affected FOR has an onzet age under 50, indicating & moderate
increase in risk

* The cambination of ane breast and one awarian cancer
indicates a moderate increase in risk level.

Hovwvewver, thiz iz balanced to some extent by the following factors which
indicate lower rizk level:

* The oldest affected second-degree relative has an age of onset over
B0, Genetic predizposition iz mare likely to be associated with
General Referral Reasons for lowwer ages of onset, and thiz age indicates a conziderakble
Explanation Advice Advice reduction in risk level.
* Genetic predisposition is less likely in & person over 40 who has not
developed cancer .

Owerall, the likelihood that this patient iz a gene carrier iz moderate.

General Referral Beasons for
Explanation Advice Advice




Primary care referrals. ERA
Jon Bury, Michael Humber




3 ERA - Early Heferrals Application

- Microzoft Internet Explorer

J File  Edit ‘iew Fawvortes Toolz Help

G

.= @ [ A A G e

Back FEanmand Stop  Fefresh  Home Search Favortes  History

=

-

Dizcuss

J Address IE hittp: A A infermed. comdwapderadindes. azp

j o Go |J Links #&7Best of the'web &) Channel Guide ] Google Search &1 Free Hothail

o

-
ﬁc Imperial Cancer
- Research Fund

Lung
Electronic referral

ey points
Refarral guldelines

Colorectal
Electronic_referral

Fay points
Refarral guldelings

Skin
Electronic referral

ey points
Refarral quidalings

Head and Neck
Electronic referral

Fal points
Refarral guidalings

University Hospitals of Leicester [lz5

ERA - Early Referrals Application

To make a referral click on "Electronic referral” under the appropriate heading (ERA overview and tutarial)

Breast
Electronic referral

Fay points
Refarral guldelines

Haematological
Electronic referral

Fay points
Refarral guldelines

Neurological
Electronic referral

ey points
Refarral quidalings

Urological
Electronic referral

Fal points
Refarral guidalines

Upper Gastrointestinal
Electronic referral

Fey points
Refarral guldelines

Sarcoma
Electronic referral

Fey points
Refarral guldelines

Gyhaecological
Electronic referral

ey points
Refarral guidalings

Paediatric
Electronic referral

Fel points
Refarral guidalings

| v
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3 ERA - Early Heferrals Application

- Microzoft Internet Explorer

J File  Edit ‘iew Fawvortes Toolz Help
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BREAST

abaor | instructions

Subimit | Print | Reset| Restart | Disn

Patient Details:

AfE: IF

Gender M [CF ¥

Referral information (please tick boxes):

Breast lumps:

Discrete lump vwes [0 Mo W
Azyrmetrical nodularity ves W Mo T
persistent at review

after menstruation

Abscess ves [0 Mo W
Persistent / refilling cyst ves [ Mo W

Skin changes:

Module ves [T No W
Distortion ves [0 Mo W
Ulceration ves [ No W

Pain:

Intractable pain

Yes [ Mo W

Nipple discharge / changes:

Discharge
Blood stained

Large wolume

(sufficient to stain clothes)

Bilateral
Eczema

Recent retraction ar
distortion (<3 mths)

RNd=k
Yes [T Mo W

Yes [T Mo W

Yes [ No ¥
Yes [T Mo W

Yes [ Mo W

@ s

= -

rﬂdjrexz IEI

[lwww.infermed.com/w




3 ERA - Early Heferrals Application - Microzoft Internet Explorer

J File  Edit ‘iew Fawvortes Toolz Help |-
5 = e
& = . D W R @ @B 9 B
Back FEanmand Stop  Fefresh  Home Search Favortes  History b ail Print Edit Dizcuss
J Address IE hittp: A v infermed. comdwapderadindes. asp j o Go |J Links #&7Best of the'web &) Channel Guide ] Google Search &1 Free Hothail »

BREAST abort | instructions Edit | Print| Restart | Disn

ERA recommendations

These are made on the basis of the clinical features presented to the system; they are
intended to aid, not replace, clinical judgement:

A 2-week referral may not be appropriate because none of the standard indications for a 2-
week referral apphy to this patient.

A referral to a breast specialist, though not necessarily urgent, would be appropriate

The following criteria apply to this patient;

« asymmetrical nodularity persistent at review after menstruation

Explain | Referl C!uitl

Patient Details:

ALE: IF Gender: M T F B

= -

] A ] http://www.infermed.com/w j




Open source knowledge?

3} Protocol Source - Microsoft Internet Explorer

; FProtocol Source - Microsoft Intemnet Explorer

3 Protocol Source - Microsoft Internet Explorer

<IDOCTYPE decision (Wew Source for full doctype... )=

- PROforma Guideline: Breast =
- =decision name="Referral_decision"

- @plan:Breast
5 - . . . choice_maode="single" support_mode="symbolic">
enquiry :Clinical information <rcaption='Referral decision'</captions
@ decision:Referral _decision — <zcandidates>
.actiun:Nu two week referral - zcandidate name="Two_week_referral":>

- <argumentsz
- <argument support="for"=
<proforma_conditions
{ tissue_changes includes
'Discrete lump' and age >= 30 )
< /proforma_conditionz
<fargument
- <argument support="for"=
<proforma_conditions
{ skin_changes includes
Ulceration )
</praforma_conditionz
<fargument
- zargument support="for'=
<proforma_conditions
{ skin_changes includes
Module )</proforma_conditions
<fargument=
- <argument support="for"=
<proforma_conditionzs
{ skin_changes includes
Distortion }
< /proforma_conditionz

.au:tiu:un:Twu week referral
B:ction:non urgent referral




Acute Lymphocytic Leukaemia

Jon Bury with |CRF Clinical Databases group and
The London Hospital Paediatric Oncology Unit
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Palliative care: Arno
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Arezzo applications

Specialist General

clinical use clinical use

RetroGramtm

HIV drug ARNO

MACRO

_ advice
Clinical

trials

Vertical _
applications Genetic |
analysis Pain

Remot
emote control

data entry

Core
technology

Electronic  best
practice guidelines

AREZZ0

General

public

Family
history

Genetic
risk

Generic

Internet delivery

Rapid development

InferMed Ltd.



Current | CRF research



New research release

* Refined language syntax and semantics
 New Javatoolset

— Composer

— Tester

— Engine

— Web server
 PROforma reference engine
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() Do monitoring
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& Help

O auit
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Risk assessmen
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Family history

decision2

High rigk pathway
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PRO forma Common Task Attributes

i
; (O Risk_assessment Decision Specific Attributes

fCummun Attrib rPrufurma
| Instance Name |Risk_assessment

Cycle Repeat

fCandidates rSDurces rnrguments rnecide rParameters |

ew Candidate

Caption Risk assessment

Description

Parameters

Priority ’j

Goal

Candidate list

Pre_Cond.
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decision :: Risk_assessment;

“Jend decision .
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i
; (O Risk_assessment Decision Specific Attributes

caption 'Risk assessment’,
choice_mode : single ;
support_maode - symhalic ;
candidate :: high ;

recommendation : Metsupport Risk_assessment, highy==1;
candidate & moderate ;

recommendation :; Metsupporti Risk_assessment, moderate)== 1 ;
candidate - population ;

recommendation : MNetsupport Risk_assessment, populatiom==1;
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|
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REACT
care planner

David Glasspoal,
Tito Cadtillo
Vicky Monaghan

File Edit “iew Domain PROTorma

= £l
& E E & & Damain  |Breast cancer
Open| Save| Cut  Copy|Paste| Print Help

Plan 1 |Plan 2 Plan 3 |

Recommendations Scenarios

Decision to start tamoxifen at 32

There are good reasons to act
o reduce risk

@

@ There are a numhber of reasons to start Tamoxifen
o @ Tamoxifen has major henefits far women who have had surgery for breast cancer

3 REASON: reduces recurrence by mare than a third (43%)

b REASON: reduces deaths by nearly a quarter (22%)

.} REASON: reduces cancer in other breast by nearly a half (47%)

|— @ By analogy Tamoxifen may work to prevent breast cancer in 3 healthy at-risk woman

B @ There are a number of incidental health henefits

7 @ There are a number of reasans to consider not starting Tamaxifen

- @ Side effects: Hot flushes, vaginal bleeding, secretions

B @ Increased risk of endometrial cancer

@ EUT: Mainly post-menopausal

@ EUT: rare (1 in 10,000 per annum rises to 6-9 in 10,000 p.a)

@ BUT: treatable (hysterectomy) if symptoms are reported

e @ Risk of blood clots

e+ @ Risk of eye problems

Delete Plan
4 pregnancy ‘ pregr‘ancy
S breastfeeding ‘ breaﬁ*tfeeding
Clear self examination self examination |
H"I? mammaographic screening ‘ mammaographic screening ‘
istory
tamozxifen C tamoxiten |
hilateral mastectormy hilateral mastectomy
oophorectomy ‘ ocophorectomy
Mow aged 30
I } } }
20 30 40 30 &0
Risk | Cost |
2%




“Publet” technology
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David Sutton
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