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1 Introduction

For approximately ten years our researc
h group has studied the application of

artificial intelligence (Al) techniques to decis
ion making tasks in clinical medicine. Our

early work on the MIVIN program helped us
 understand the power of production rules

as a scheme for representing judgmental 
knowledge of experts 17J. but a variety of

pragmatic constraints prevented us from imple
menting that program clinically. Thus. in

1970, we decided to adapt our previous experi
ence with NfYCIN to a new task domain In

which chances for clinical acceptance and smoot
h system integration were greater than

had been the case for the en.dier work. The
 resulting program, ONCOCIN 1101, and our

experiences achieving its clinical introduction and
 local acceptance are the subject of thk

report.

ONCOC1N's design and implementation has occ
urred in unison with a set of

studies and analyses Intended to help us better und
erstand the demands of physicians as

computer users. Our study of physician attitudes towards computer-based clinical

consultation systems 112: emphasized the importance of a system's explanation

capabilities and helped convince us of the importan
t role that Al techniques are likely to

play in the development of optimal decision aids. We also have proposed a set of

sequential °stages  through which an evolving consultant program will pass, and

suggested a set of criteria to use In determinin
g whether a proposed clinical application is

likely to meet with short-term implementatio
n success The ONCOCIN task domain

in clinical oncology was selected for our recent w
ork largely because it met the specified

criteria. We have also tried to emphasize the impo-
lant practical issues that will

account significantly for a consultant program's
 success or failure 191; excellent decision

making performance is only one element of the total optimal scheme. We were

influenced in these analyses by past studies that ha
ve indicated that physicians are

reluctant to introduce computers into their 
clinical practice setting 10, 111, and by a

perceptive essay that cited some of the major 
impediments to successful implementation

of clinical computing systems ;2;: poorly designed user Interfaces. systems whose

performance does not exceed those of the 
physician, an inability to prove that the system

has a beneficial impact on patient care, and systems with an inflexibility inhibits

transferability. We believe that with careful
 system design. and the ongoing involvement

of the Intended system uers, these Impedime
nts can be avoided.
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2 ONCOCIN

ONCOCIN is an oncology 
protocol management system t

hat assists physicians with

the management of patients 
enrolled in cancer chemothera

py protocols. The system has

been in limited use at the 
Stanford Hospital since May of 

1981. The potential utility of

such a system has been re
cognized at several major can

cer treatment centers, and other

groups have been developin
g systems to assist with simil

ar tasks 14, 1, 131. Protocols are

described In detailed documents often 40
 to 80 pages In length, which specify the

alternate therapies being c
ompared In the experiment, a

nd the data that need to be

'collected In order to study 
the effectiveness and toxicity

 of the compared treatment

plans. Protocols specify drug dosage
s and modifications, and the

 intervals at which

patients should 1:T seen and laboratory test
s and X-rays should be ordere

d. These

specifications are generally com
plex and no single physician 

is likely to remember all of

the details In even one of t
he protocol documents, not t

o mention the 30 to 60 such

protocols that may be used in
 a major cancer center. 

Although, the documents are

usually available In the oncol
ogy clinics where patients are

 being treated, a busy clinic

schedule. coupled with a compl
ex protocol description, often 

leads a physician to rely on

memory or advice from colleagues when adjusting drug doses or deciding which

laboratory tests to order. Furthermore. the protocols d
o not spell out solutions to all

possible treatment contingencie
s that can occur. Physicians must therefore ofte

n use

their own judgment when treating patients, thereby leading to 
some variability in

treatment decisions. Similarly, the data needed f
or statistical analysis of the proto

col

results may not be completel
y or accurately collected. Th

ese factors indicate a need for

assistance with remembering the details of the protocols and with accurate data

collection. Furthermore, oncologists who care for protocol patients generally

acknowledge that assistance w
ould be useful.

Since the core of knowledg
e about oncology protocols is wr

itten up In the protocol

documents, the cancer c
hemotherapy domain has the a

dditional advantage of hay ing a

readily available source of th
e core knowledge of the fie

ld. The ongoing involvement of

oncologists with ONCOCIN. bo
th as research colleagues an

d as potential systems users,

has provided additional exp
ertise and highly motivated c

ollaboration In knowledge-base

development. We currently have encoded the protocols f
ur liulgkin's Disease, non-



Hodgkin's Lymphoma, and oat-cell car
cinoma of the lung2 , and will be adding all of the

other treatment protocols employed at
 Stanford. It should be emphasized that the

resulting computer-based protocols include both the specific rules gleaned from the

protocol documents and some additional 
judgmental expertise from out experts who have

defined the ways in \stitch the system ought
 to respond to unusual or aberrant situations.

In order to design a program that could be 
operational in the short term, our initial

design plan was to consciously avoid major t
heoretical barriers such as management of

inexact reasoning and generalized methods for te
mporal reasoning. We recognize that

these issues will ultimately need to be addressed, however
, and look forward to the

research challenges they will provide us In
 the future. In the short term, however, by

encoding the protocol specification and supplementing it with some additional

judgmental knowledge from our experts, 
we could develop a system which is already

proving us:lul. ONCOCIN was built using 
artificial intelligence techniques, which have

the adv ant age of making the system flexible 
and easily modifiable so that additional

protocols. Inexact reasoning, and temporal tren
d analysis can be added without major

design modifications. Another advantage of Al techniques is that the
y facilitate the

development of code to explain the system's line
 of reasoning.

2.1 System Design

ONCOCIN's system design is a result of the combined efforts of an

interdisciplinary group of computer scientists, 
clinicians, statisticians and support staff

totalling 29 individuals. System design began in July of 1979. From the outset. the

logistics of how a consultation system could 
fit into the busy oncology clinic was a

crucial design consideration; one of our first 
tasks was to study the flow of information

XS ittiln the clinic. We asked the oncology 
fellows their attitudes about computers and

asked them to assess the potential role of 
such technology in the oncology . clinic. A

Stanford in engineer with human factors experience 
was consulted during the

interface design phase. This phase was an Iterative process. Progra
mmers would offer

mock demonstrations to those with little or no computer expertise. After gelling

comments and suggestions on the demonstration, 
modifications were made, and a new

-The oat rill protocol is the most complex protocol at St
:111r(Ird It %as implemented to scrif‘ that our

repre‘rntation scheme %ouli.I apply to eentrtlly an
y of the protocols currently in ti,e llsrser. it ha1/4

not yet been relea..ed for routine use pending its 
thorough testing

:3



mock up presented. This process was repeated until all felt satisfied with the

interaction. All design decisions of thi
s type were discussed at regular research meeting

s

that involved both physicians and comp
uter scientists.

The design of the reasoning program
, which is written in Interlisp. and uses Al

representation techniques, was affected by o
ur desire to create a system which provides

rapid response. The original ONCOCIN prototype used k
eyboard-oriented interactive

programs borrowed from Nn'CIN. We 
knew from our earlier work, however, that this

type of interaction would be too tedious a
nd time-consuming for a busy clinic physician.

A physician using MYCIN often had 
to wait while questions were generated and ru

les

%%sere tried. The use of this interface, however, enabled
 us to create the program's

knowledge base and to evaluate its therapy
 recommendations while we were concurrently

deciding upon the clinic interface design. T
he ultimate interface design incorporates a

fast interface program that is separate from the Al reasoning progra
m :3:. Thus,

ONCOCIN is actually a set of independent programs that run In parallel and

communicate consultation data with each oth
er.

A major design goal was to have ONCOCI
N used directly the physician at the

time of a patient's visit to the clinic for 
chemotherapy. One way to encourage their

Involvement was to make the system easily 
accessible while providing a variety of hard

copy reports that had previously either no
t existed or had required manual prep

aration.

A computer-generated summary sheet is 
produced in the morning for each scheduled

patient enrolled in one of the protocols han
dled by the computer. The summary sheet is

attached to the patient's chart and ser
ves as a reminder of the patient's diagnosis and

stage. expected chemotherapy, and any 
recent abnormal laboratory values or toxicities.

A cent rally located video display terminal is 
used by t •e oncologist after the patient has

been examined. The physician interacts with ONCOCIN's
 high speed data-acquisition

program called the Interriewer. The mechanics o
f this interaction are described in the

next section. While the clinician is entering data throug
h the Interviewer, it passing,

pertinent answers to the reasoning program. (
called the Rragoner) %%filch uses the current

patient data, the past history and the proto
col assignment to formulate a treatment plan.

LW the time data entry is complete. the Reasoner has generally cilnplet
ed its plan

formulation and has passed the results back 
to the Interriewer, which in turn displays

the recommendation for the user. The physician can then agree with or 
modify the

system's treatment recommendation, make 
adjustments to the laboratory and N-ray test

s

.1



suggested for the patient by ONCOCIN, and en
d the session. Progress notes are printed

out for the physician on a printer near the ONCO
CIN terminal so they can easily be

removed, verified and signed by the physician, and the
n placed In the hospital chart.

After the session the computer also generates an
 •encounter sheet • which lists the tests

to be ordered, %Olen they should be scheduled, and when 
the patient should return to the

clinic for his or her next visit. This information Is gen
erated on a second printer located

at the front desk where these activities are scheduled.

The system design attempts to prevent the computer sys
tem from being perceived

as an unwanted intrusion into the clinic. The physician 'compu
ter interaction takes the

place of a task that the physician Would otherwise perform by hand (the manual

completion of a patient flowsheet), and requires only 5 to 7 min
utes at the terminal. A

training session of only 30 minutes has been adequate
 to achieve independent use of the

system by physicians, and the hard copy reports assist the physician with their

responsibilities. Because we were eager to make the system as 
flexible as possible, and to

simulate the freedom of choice a-allable to the physicians When they fill out the

flowsheets by hand, the program leaves the users largely in 
control of the interaction.

Except for the patient's white cell count, platelet co
unt, and information about recent

radiation therapy (key issues in determining appropriate t
herapy), the physician may

cnter whatever flowsheet information they feel is pertine
nt, leaving some fields blank if

they wish. An important evaluation issue that we are accordingly investigating. is

whctlier ONCOCIN encourages more complete and accurat
e recording of the flowsheet

(Loa despite the user's continued ability to skip entries if 
he or she wishes to do so.

They may enter data Into the flowsheet In whatever order th
ey prefer, they may skip

for%■ard or back in the flowsheet and change current or old answers.

2.2 Terminal Interface

The system incorporates a special terminal In to ensure that a busy clinician

can find ONCOCIN fast and easy to use, as well as s
imple to learn. The physician

interact \%Itn a 111 7.11-sPeed 01600 ban(I) video disIda,V. terminal \Oil mindows.

simulating the appearance of the conventional paper 
flowsheet. -',Iintilation of the form

makes the interaction more comfortable and familiar.

A customized keyboard was designed for data-entry (Fig. 1). It allows the

physician to enter the flow sheet In using a 21-key pad which is located to the
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right of a conventional terminal
 keyboard. We considered light p

ens and touch screens

but felt that they were either 
too expensive or too unreliable at 

the present time.

Furthermore, a simple keypad w
as adequate for our needs. The layout

 of_the keypad Is

simple and self-explanatory. Ten of the keys are a number pad w
hich is laid out the

same as the numbers on push-button telephones. Our human factors specialist

recommended this decision becaus
e we could assume user experience 

with push-button

telephones, but user experience w
ith the calculator-style number pad

 would likely be

more limited. The other keys on
 the pad are 'Yes" and 'No' keys, a

nd cursor control

keys. The labels on the cursor 
control keys suggest that the user Is fill

ing in the blanks

on a paper form, such as 'Next B
lank', 'Clear Blank". 'Jump Ahead

' etc. Our human

factors consultant suggested this 
terminology instead of terms which inc

lude the word

'field' (e.g., "next field") which
 are information processing terminol

ogy and not as

Intuitive for naive computer users. 
This decision reflects our general effort to avoid

computer Jargon when talking w
ith the physicians, printing text on the 

terminal screen,

or In communicating %%Ith them In 
memos.

Clear

Blank

Fix

Form

4

Jump

Back,

Last

Blank
•

Right

3

6

Jump

Ahead

Next

Blank

Figure 1: ONCOCIN's 21 1:e) Pad
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2.3 Display Design

The design of the display is der
ived from the paper flowsheet used for m

any years

for protocol data gathering and 
analysis. The main portion of the scredi 

displays one

region of the conventional flowshee
t (Fig. 2). When the cursor is aligned wi

th an entry

on the form, that line appears in b
old face and the explanation for that line

 is shown in

the 'explanation field" at the top o
f the screen. When the physician is enter

ing patient

data, this explanation field specifies t
he range of expected ,!ntrles for the Item w

ith which

the cursor Is aligned. When the system has recommended
 therapy (see Fig. 2). the

explanation field provides a brief justi
fication of the drug dose indicated by th

e cursor

location. On the bottom pc,-tion of the
 screen are labels for special function keys

. These

are associated through Roman Numeral
s with colored control keys aligned ac

ross the top

of the keyboard. At different times du
ring the interaction, these keys perform

 different

functions. The bottom of the screen gives a desc
ription of the function each of these

keys currently will perform. There is also a special °message section in the middle of

the flowsheet where important informat
ion about the patient or the running of

 the case

can be displayed.

2.4 Integration Into the Clinic

To make ONCOCIN's clinic integr
ation as smooth as possible we scheduled

 clinic

meetings led by the oncology mem
bers of our research team. One such meeting to

announce that the system would soon b
e available was held. At this meeting w

e gave a

system demonstration and held discussion of our project goals. individual training

sessions were then scheduled to teach
 each physician how to use the system. These

orientation sessions were brief and In
formative. They stressed that the physician 

is the

ultimate decision-maker about the 
patient's care, and that the computer consu

ltant is to

remind the physician about the 
complex details of the protocols and to col

lect patient

data. Members of our group meet 
with oncology faculty and physicians occasio

nally to

give them progress reports on our r
esearch effort.

Wi'e also enlisted the help of a data mana
ger who k responsible for training session

s,

assures that on-line patient records are
 current and sees that the system runs 

smoothly.

The data manager is available whe
never the system is running In the clinic a

nd offers

assistance wt-n necessary. This role has proved to be particular
ly crucial. The data

manager Is the most visible representati
ve of our group in the clinic (other tha

n the

7



Give Procarbazine, 125
.0 mg. PO for 7 days.

[56.3 mg./m.sq. a attenuated to 75% follow
ing aborted cycle.

further attenuated to 
75% due to low WBC]

[100 % dose a 200.0 mg ]

 
 John Doe mum 12-34-5

6  ...--.. 

The patient should rece
ive chemotherapy PAVE-3A

.

--CHEMOTHERAPY-- 29dec80 5jan81 23jan81 30jan81 
6feb81 13feb81 19feb81

BSA (m2)
2.1 2.1 2.1 2.1 2.1 # 2.1

OVERALL

W2

Warnofsky (X)

# 100

PCV
39.1 40 39.4 40.4 39.9 40.8 0 38.8

WBC
6.9 4.5 2.1 6.6 2.8 2.4 # 3.8

Platelets
335 225 318 333 421 461 0 305

Combination Name
PAVE PAVE PAVE PAVE PAVE 0 PAVE

Cycle #
2A 2 B DELAY 3 A ABORT # 3 A

Procarb., 100 mg/m2 P
0x7 200.0 200.0 0 200.0 0 €125.0

Alkeran. 7.5 mg/m2 P0A2
14 11.0 0 14.0 0 # 8.0

Velball, 6 mg/m2 IV
10 10.0 0 10.0 0 # 5.5

1 II II III

!DATUM NO CHANGE

'1YAILABLE OLD DATA

IV
NEW
DRUG

V
GIVE NO
DRUGS

VI

I SELECT
CHE!!0

VII

I SEE
SUhflARY

This diagran shows the l
ayout of a typical displ

ay seen by the physician
 when he

uses ONCOCIN. The screen is divided i
nto four sections as in

dicated.

a: the explanation field, w
hich presents the justi

fication for the recomme
ndation

indicated by the user-co
ntrolled cursor location

 (the box in the figure)
.

b: the messa2e field, which
 identifies the patient 

and provides a region for

sending pertinent messag
es from ONCOCIN to the 

physician.

c: the flow sheet, which di
splays a region of the 

conventional hard-copy f
low

sheet; the display inc
ludes columns for past v

isits and the physician e
nters

data and receives recom
mendations in the right-

hand column.

d: the soft key identifier
s, labels that indicate t

he special functions

associated with numbered
 keys across the top of 

the terminal keyboard.

Figure 2: sample ONCOCIN screen

ONO



collaborating oncologists themselves
). The person selecteA for this role therefore n

eeds to

be responsible, personable, non-
Imposing, intelligent, aware of the systems go

als and

capabilities and able to communicat
e effectively with the physicians. If the person in

this role is unable to satisfy these qu
alifications he or she can make system usage see

m

difficult, undesirable and imposing to 
the physician users.

Integration of the system into the cl
inic was planned to be a gradual process.

When the system was first released, t
he program handled a small number of patients and

protocols. As use of the program became more 
familiar to the physicians, we added

more patients to the system. We are 
in the process of adding new protocols, which 

in

tern will mean additional patients being han
dled on the computer. ONCOCIN was

initiallv available only three mornings per week. It is now available whenever there are

patients scheduled who are being followed on the computer. Tills plan for slow

integration of the system into the clinic has made ONCOC1N's initial release less

disrupt IV(' to the clinic routine than if we h
ad attempted to incorporate a comprehensiv

e

sstem which handled all patients and protocols from the onset. This method of

integration has also allowed us to fine-tun
e our system early in its development, bas

ed

upon responses and suggestions from our 
physician users.

2.5 Responses and Modifications to the Sy
stem

After the system's initial release into the clinic, the data manager and the

collaborating, oncologists collected commen
ts and suggestions from the physicians w

ho

used the system. We accordingly made numerous progra
m changes in response to

suggestions for modifications and desira
ble new features. Our group also conducted a

number of formal studies to evaluate
 the Impact of the system on a number of dif

ferent

levels.

We soon learned that some of our init
ial design decision., had failed to anticipate

important physician concerns. For examp
le, when the Reasoner needed an answer to a

special question which Is nut on the regular flowsheet form, 
our Initial approach was to

have the Interricwer interrupt data entry
. The physicians were annoyed hy these

Interruptions. so we modIfied the 
scheme to Insert the question less obtrusiv

ely on a later

section of the flowsheet, and to stop f
orcing the physician to answer such 

question.. if

they were fell not crucial to the recomm
endation.

Another concern was that ONC'OC1N was too stringent 
alluut IN drug du,e



recommendations, thereby requesting 
justifications from the physician even for

 minor

changes. We needed to take into a
ccount, for example, that a different pill sue

 might

decrease or increase a dose slightly and yet would be preferable fyr a patient's

convenience. We subsequently obtained
 from the oncologists on our team, ranges 

for

each chemotherapeutic agent within which any modifications could be considered

insignificant. Dose modifications within this range no longer generated requests for

justification.3 We also modified the p
rogram to recommend the same dose tha

t the

physician prescribed during a prior visit If that dose recommendation is within the

acceptable range relative to the dose rec
ommendation calculated by ttikprogram.

Some system users also asked whether t
he program could generate a progre.;s note

for the patient's visit. When we deve
loped this feature and installed a small 

printer to

prepare these notes in duplicate, use of t
he system was immediately made more desira

ble

because this capability saved the physic
ian the time required to dictate a note. 

This

feature also helps to encourage the 
physician to enter relevant data complete

ly and

accurately because the quality of the resu
lting progress note is dependent on the

 data

entry process.

When the system was first released into the 
clinic, It was only available the three

mornings per week when the majority of
 lymphoma patients were seen (the comput

er. a

Decsystem 2020, was used at other times b
y other members of our research communi

ty).

This was to provide rapid response time 
through an arrangement •for high priority

 use or

the computer. Since lymphoma protocol patients were 
sometimes seen at other times.

however there were continuing problems 
keeping the computer-based files up to date and

establishing ONCOCIN's role as a re
liable aid for the management of that subset

 of

patients An response to this we have made the
 system available whenever a patient

known to the system is seen in the 
clinic. Mien the physician initiates a 

consultation.

the program checks to see if the compu
ter response is expected to be slow and print

s out

a IA arning to this effect. The physician may then either 
abort the session or proceed

with the anticipation that the interactio
n will take longer than usual. We 

have round

the the physicians understand and app
reciate this feature and will often contin

ue despite

the expected delays.

3Current research is also investigating an ad
aptation of ONCOCIN's recommendation 

5cheIlle N hereby

it %ill critique the physician's emn therapy 
pl.in and only gi%e advice %bun specifically 

requested to do so

151-
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The anecdotal system descriptions here are being accompanied by three studi
es

conducted as part of this research: (1) F'hysician attitudes towards a computer system in

the oncology clinic were surveyed before and after ONCOCIN's integintion into 
the

clinic, (2) the suitability of ONCOC1N's recommendations compared with.the treatment

proposed by the physicians prior to computer assistance is being studied, and, (3) the

completeness and accuracy of data collection with the computer compared to that prior

to the system's introduction is being studied. Formal reports on these investigations are

In preparation.

3 Lessons Learned

It is clear that in order for a computer-based consultant to be effective In a clinical

setting, the overall system design must take into account both the needs of the Inten
ded

users and the constraints under which they function. This is the central theme of the

lessons that we have learned from the ONCOCIN experience. The program must be

designed to satisfy a need for consultation and to provide this assistance in a fast, easy-

to-use.. and tactful manner. It should ideally avoid an incremental time commitment or

an increase in the responsibilities of its users or they will tend to resist its use. W
e have

found that provkiing extra related information processing services, such as prin
ting the

progress note for the physicians significantly heighten the system's appeal.

For ONCOCIN to have an effective role as a physician's assistant, providin
g both

data management functions and consultations on patient trentment
, It needs to be part

Of the daily routine in the clinic. Because of the limited number of patients and

protocols currently on the system, ONCOCIN is thus far the exception to the daily

routine: this will change as more protocols are encoded and the system is transf
erred to

dedicated hardware. We are planning to move ONCOCIN to a personal work
station

(capable of handling large Al programs) so that it will be self-contained
. As It becomes

the principal record keeping system in the oncology clinic, and the oncologists are 
able to

receive ii,A . 1111 advice for essentially all of their patient encounters. ONCOCIN will hav
e

become SUCCV■Silllly integrated into the clinic setting. The next stage win

disseminate the system, mounted on single-user workstati
ons, into other practice settinr,zs

beyond Stanford.

Since our goal is to offer expert consultation. we ako need to continue our research

into expert systems development so that we are able to encode the less well-specifi
ed

11



aspects of oncology expertis
e. More active research into t

emporal reasoning and issues of

uncertainty is necessary in or
der to allow ONCOCIN to handle 

the most unusual cases in

this domain. Oncology pro
tocols often refer the physician t

o the Protocol Chairman or a

faculty member for consulta
tion; an important research goa

l is to provide ONCOCIN

with an ability to handle thes
e special cases where more compl

ex reasoning is required to

decide upon patient treatmen
t.

Physician involvement in the 
design of ONCOCIN has been

 crucial in all aspect, of

the system development. Th
e collaborating oncologists pro

vide answers to questions that

are unclear from the protoc
ol descriptions, evaluate the pr

ogram's recommendations to

assure they are reasonable, o
ffer useful feedback during th

e development of the user-

interface, and provide advice
 about how the computer-based

 consultation system can

best fit into the clinic setting. Their collaboration, along wi
th that of the computer

scientists. medical personnel an
d others In our interdisciplina

ry group, all who have been

committed to the creation of a
 clinically useful consultation 

tool, has combined to create

a system for which limited 
integration into a clinical setting

 has been accomplished. and

for which we expect that to
tal integration will be feasible in 

the next few years.
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