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3 Introduction 

Increasing the enrollment of patients in clinical trials is important to making progress towards 
finding more effective treatments for breast cancer. Accrual is complicated by a large number 
potential studies and the cost and complexity of determining whether a patient meets the nec- 
essary eligibility criteria. Under this proposal, we are developing a Web based expert system 
which can determine the patients eligibility for clinical trials. The expert system is designed 
to take into account the cost of tests which are required to meet inclusion criteria and acquire 
information in the most cost-effective way possible. 

4 Body 
In this first-year, we have built an expandable prototype system. There are currently seven 
breast cancer protocols available in the system. They are shown in Figure 1 using their Moffitt 
Cancer Center number and a brief summary description. In a retrospective study, the records 
of 125 patients who were assigned to one of the trials were used to provide data for prototypical 
expert system to make clinical trial assignments. An additional 21 records of patients who were 
assigned to trials that are not implemented within our system were tested for eligibility for the 
7 implemented protocols/trials. 

The results of determining the eligibility for the 146 patients are reported in four categories. 
They are the true positives (patients that the system found were eligible for a clinical trial and 
they were assigned to that trial), the false positives (patients that the system found were eligible 
for clinical trial and were not assigned to that clinical trial), false negatives (patients that the 
system found were ineligible for a trial and they were assigned to that trial), and true negatives 
(patients that the system found were ineligible for a trial and they were not assigned to that 
trial). The results from our prototypical system are shown in Table 1. Each false positive and 
false negative was separately compared against all inclusion and exclusion criteria to make sure 
the patient was correctly determined to be eligible or ineligible for particular protocol. All other 
results matchup with actual patient assignments to clinical trials. 

The false positive category is interesting because these patients were eligible for multiple 
trials. Not all of the protocol/trials implemented by our system were available at the same time. 
Since the data is retrospective, it is impossible to tell whether a physician considered a patient 
for more than one trial and then chose the best trial or simply chose a trial they were familiar 
with for which the patient was eligible. However, it is interesting that the system finds 43 of 146 
cases in which patients were eligible for multiple trials. This suggests that the expert system will 
help prevent a viable trial from being overlooked. 

The false negatives all occurred due to some lack of data in the patient chart. For example, 
the number of positive lymph nodes may not have been found by us. There was no case in which 
the patient was assigned to a trial but clearly violated an inclusion criteria or met an exclusion 
criteria. 

The developed prototype has a cost function built into it. It can be required to order questions 
so that the tests associated with them are of increasing cost amounts. We also have the pain 
cost associated with each test which is in turn associated with one or more questions. Questions 
can be ordered to cause the least amount of pain.   Combinations of monetary and pain costs 



and number of questions to determine inclusion/exclusion are also possible for question ordering. 
In the absence of a requirement for cost minimization, a page of approximately 10 questions is 
presented with the questions ordered on the page by how likely the question is to rule in or rule 
out a patient from one or more protocols. At all times, the user of the system can answer one, 
several, or all of the questions on a page before submitting their answers. Figure 2 shows an 
initial page of common questions that is displayed as the initial question page. 

At the present time, we are in the process of testing the cost functionality. There are still 
some questions for which we do not have the cost of the tests associated with them. This 
problem is to be resolved this week. In initial experiments utilizing monetary cost, we were 
usually able to exclude a patient with less cost in the case that a user answered questions in 
order. It is possible, for example, that a series of three $40 tests might be required as a group 
to answer relevant questions and the questions associated with them would the individually 
ordered before a question associated with a single $100 test that might have similar impact 
in determining eligibility/ineligibility. This could cause it to be more expensive to use cost 
functionality as currently implemented in this kind of special case. As part of our future research, 
an investigation into grouping sets of related tests so that their cost is considered as a single cost 
will be undertaken. We have not yet experimented with pain cost. 

The opening page of version 1.2 of the system is shown in Figure 3. In Figure 4, a status page 
after number of questions has been answered is shown. It is possible to ask why a patient was 
excluded from protocol and, if necessary, change answers which could change the result. We are 
in the process of adding the why button for patients who are assigned to a trial. The prototype 
system is available online at http://morden.csee.usf.edu/moffit and a password is available from 
the principal investigator. 

At the present time, new protocols must be entered into the system by a computer program- 
mer. We have developed the companion system which enables a nurse, technician or physician to 
enter a protocol. There is a not completely working prototype done. It matches questions with 
tests to attempt to have just one question associated with the need for results from a specific 
test so that the user does not get asked "the same type of questions" multiple times. This will 
be a focus of our work in year 2. 

In year 2, we will completely debug and utilize cost functionality, further refine the proto- 
type for automating the new protocol addition process, and a new set of current and active 
breast cancer protocols/trials will be added. We will get feedback on the user interface from 
physicians and refine it to make the system as pleasant to use as possible. After developing a 
good user interface, we want to start working with prospective patients who may be assigned to 
clinical trials/protocols. This research will be done in parallel to current clinical practice without 
influencing it. 

Key Research Accomplishments: 

• A prototype (version 1.2) of a Web based expert system for assigning patients to clinical 
trials has been developed and tested. It correctly assigns 146 patients to clinical trials and 
a retrospective study. 

• Utilizing retrospective patient data, it has been found that patients are eligible for multiple 
protocols/trials. 
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The Clinical Trial Assignment Expert System: Patient Entry (Version 1.2) 

Questions about this page? See instructions below. 

Patient Name 

Patient ID Number 

CLEAR 

NEW PATIENT Click to enter a new patient 

PATIENT SEARCH Click if this patient was previously entered 

Instructions: 
If the patient is being entered for the first time: 

1. Completely type in the name and assign an identification number. 
2. Click on "NEW PATIENT." 

If the patient's information has been previously entered: 

1. Type either the patient's name or the ID number in the appropriate field. 
2. Click on "PATIENT SEARCH." 

Figure 1: A list of implemented protocols. 
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The Clinical Trial Assignment Expert System: Initial Questions for BreastCancer 
(Version 1.2) 

Patient Name: trial 
Patient ID: 722001 
Questions about this page? See instructions below. 

1. What is the stage of the breast cancer? ($ 
0.00) 

2. What is the patients age in years? ($ 0.00) 

3. What is the patients gender? ($ 0.00) 
Female  Male 

4. How many nodes are positive? (Enter 0 if 
there are none) ($ 0.00) 

5. What is the greatest diameter of the tumor 
in cm? ($ 0.00) 

6. What is the estrogen receptor status? ($ 
80.00) 
Positive Negative  Unknown 

7. What is the progesterone receptor status? 
($ 80.00) 
Positive  Negative  Unknown 

8. Is the patient pregnant or nursing? ($ 0.00) 
Yes  No  Unknown 

9. Is the patient considered a candidate for 
adjuvant or first-line hormonal therapy? ($ 
0.00) 
Yes  No  Unknown 

10. Has the patient had surgery for breast 
cancer? ($ 0.00) 
Yes  No  Unknown 

11. If the patient has had surgery for breast 
cancer, what was the most extensive type? ($ 
0.00) 

12. Did the surgery include an axillary 
dissection? ($ 0.00) 
Yes  No  Unknown 

13. Has the patient been administered any 
therapy for cancer? ($0.00) 
Yes  No  Unknown 

14. If the patient was administered therapy 
for cancer, what types were used? ($ 0.00) 

Hormonal   Radiation   Chemotherapy 
Immunotherapy 

PROCESS Click to submit your answers to the system 

Figure 2: The initial page of questions. 
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Welcome to the Expert System for 
Clinical Trial Assignment: (Version 1.2) 

This expert system has been designed to help identify clinical trials for which your 
patient may be eligible. You will be asked to answer questions related to protocol 
eligibility criteria and the system will determine the eligibility of your patient for 
currently active clinical trials. 

What is an expert system? 

How the expert system works 

Step-by-step instructions 

ENTER Click to enter the clinical trial assignment system. 

Figure 3: Opening page of the Expert System. 
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The Clinical Trial Assignment Expert System: Protocol Questions (Version 1.2) 

Patient Name: trial 
Patient ID number: 722001 

Protocol 
(Find out about each 

Protocol) 
Status 

Maximum 
Questions 
Remaining 

Percentage of 
Questions 
Answered 

10822 
(Subject) 

NOT ELIGIBLE 
Why? 0 100% 

11378 
(Subject) 

NOT ELIGIBLE 
Why? 0 100% 

10840 
(Subject) 

NOT ELIGIBLE 
Why? 0 100% 

11072 
(Subject) 

MORE INFORMATION 
NEEDED 

33 5% 

12100 
(Subject) 

MORE INFORMATION 
NEEDED 

8 0% 

12101 
(Subject) 

NOT ELIGIBLE 
Why? 0 100% 

11992 
(Subject) 

NOT ELIGIBLE 
Why? 0 100% 

Figure 4: Status listing during use of the Clinical Trial Assignment Expert System. 



Table 1:  Results from testing with 146 retrospective patients. 
Positive, FN - False Negative, TN - True Negative. 

TP - True Positive, FP - False 

Protocols 12101 11072 10822 12100 11992 10840 11378 

TP 20 48 10 8 5 0 4 
FP 11 21 1 3 6 0 1 
FN 0 19 0 13 0 3 3 
TN 115 58 135 122 135 143 138 

• Utilizing monetary cost in the expert system leads to a set of questions which usually result 
in less tests being needed to rule out a patient for a clinical trial, which results in less cost 
needed to make a determination. 

• Significant progress has been made in the development of automated protocol acquisition 
tool. It is a specific type of knowledge acquisition tool. 

Reportable Outcomes: Paper under preparation which describes the operation, underlying 
algorithms for question display, and capabilities of the system. Web prototype available at 
http://morden.csee.usf.edu/moffit with password available from the principal investigator. 

5    Conclusions 

We have developed a scalable prototype which currently can determine eligibility for seven breast 
cancer clinical trials. The system has been tested using retrospective data from 146 patients who 
are assigned to some clinical trial. Its accuracy has been verified. The system correctly finds 
cases (43) in which a patient is eligible for multiple clinical trials. This will enable a physician 
to make the best choice from available trials. The system is able to utilize monetary cost in 
requesting tests to rule in/rule out a patient from the set of available clinical trials. The default 
ordering of questions allows the system user to rapidly determine the eligibility or ineligibility of 
a patient for any subset of the available clinical trials entered into the system. 

The system is Web based and password protected. It provides rapid response when a person 
enters answers to 1 or more questions on a page of system selected questions. It can be used from 
any computer on the World Wide Web. Hence, community physicians will be able to determine 
the potential eligibility (they may not wish to run all tests) of the patient for clinical trials at 
cancer centers in their region. 

Most of the work on a prototype to enable physicians, nurses or technicians to enter new 
protocols has been completed. When this is complete and tested, it will allow for simple and fast 
addition of new protocols to the system. This knowledge acquisition tool is being designed to 
minimize/eliminate the cases where similar questions acquiring essentially the same information 
would have to be asked. 

5.1    So What 
The prototype system shows the potential for allowing community physicians, as well as cancer 
center physicians, to quickly and cost effectively determine for which clinical trials a patient may 
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be eligible. It holds the promise of enabling greater patient accrual for trials by increasing the 
awareness of each trial for treating physicians throughout a region. 
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