A multicentre integration of a computer-led
follow-up of prostate cancer is valid and safe
Hesham A Salem*¶ , Giacomo Caddeo*, Jon McFarlane†, Kunjan Patel*,
Lynda Cochrane‡, Daniele Soria§, Mike Henley* and Jonathan Lund¶
*Derby Hospital NHS Foundation trust, Derby, UK, †Royal United Hospital Bath NHS Trust, ‡Clinical Statistics Consultants,
Dundee, UK, §Department of Computer Science, University of Westminster, London, UK, and ¶Clinical Sciences Wing,
The Medical School, University of Nottingham, Nottingham, UK
Communication to society
An abstract of this research was presented at The Society of Academic and Research Surgery (SARS) 2017 meeting (presentation
number 089) and then published in the British Journal of Surgery (Brit J Surg 2017; 104 [Suppl. 53]).

Objective

Results

To test a computer-led follow-up service for prostate cancer in
two UK hospitals; the testing aimed to validate the computer
expert system in making clinical decisions according to the
individual patient’s clinical need with a valid model accurately
identify patients with disease recurrence or treatment failure
based on their blood test and clinical picture.

The two individual urology consultants identiﬁed 12% and
15% of the patients to have potential disease progression and
recommended their referral to urology care. The kappa
coefﬁcient for the agreement between the CDSS and the two
consultants was 0.81 (P < 0.001) and 0.84 (P < 0.001). The
agreement amongst both specialist was also high with k =
0.83 (P < 0.001). The system reliability was estimated on all
cases and this demonstrated 100% repeatability of the
decisions.

Patients and Methods
A clinical-decision support system (CDSS) was developed
from European (European Association of Urology) and
national (National Institute for Health and Care Excellence)
guidelines along with knowledge acquired from Urologists.
This model was then applied in two UK hospitals to review
patients after prostate cancer treatment. These patients’ data
(n = 200) were then reviewed by two independent urology
consultants (blinded from the CDSS and the other
consultant’s rating) and the agreement was calculated by
kappa statistics for validation. The second endpoint was to
verify the system by estimating the system reliability.

Introduction
Prostate cancer is the most common malignant disease in
men and the third leading cause of cancer-related mortality
in the UK in 2014 [1]. It is a disease of the elderly, with men
aged >75 years at higher risk of disease-related mortality [2].
It has a heterogeneous course of progression from slow
growing and potentially insigniﬁcant to aggressive with
serious impact on the patient’s health and quality of life.
Despite the disease’s rising prevalence, there has been a
signiﬁcant improvement in survival rates [3,4], which may be
accounted for by the availability of more accurate diagnostic
and treatment modalities. However, where best to safely
follow-up patients, remains unresolved. The current National
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Institute for Health and Care Excellence (NICE)
recommendation is to provide this follow-up in primary care
where appropriate [5]. However, this recommendation was met
with concerns from both GPs and Urologists because of the lack
of expertise in the community [6]. The National Prostate
Cancer Audit 2014 annual report identiﬁed ﬁve different models
for prostate cancer follow-up: Consultant-led clinic, Cancer
Nurse Specialist-led clinic, Telephone clinic, Community-based
specialist follow-up, and Radiographer-led clinic (only for
radiotherapy pathway) [7]. The community-based model played
only a minor role in follow-up in this audit.
In various industries expert-simulating systems have provided
an alternative cheap, reliable and available solution where
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expertise is lacking [8]. The bottleneck to their development is
the knowledge acquisition phase, which usually is exhaustive
and time consuming [9]. Furthermore, the system has to go
through rigorous testing; system validation (are we building the
right system?) and system veriﬁcation (are we building the
system correctly?). Previous attempts to apply this to an
industry setting have suffered from a lack of consistency and
formality in the model [10]. The same problems were also
evident in medical expert system development and has
challenged their uptake in healthcare [11].
In the present study, we aimed to verify and validate an
expert system simulating a Urologist in the follow-up of
stable prostate cancer and its application in supporting GPs
in providing a follow-up service in the community.
Therefore, we tested the null hypothesis that the agreement
between the expert system and the human domain experts is
slight to fair (k0 = 0.4) against the alternative that it is
better than moderate (k1 > 0.6). For veriﬁcation, the expert
system has to be 100% reliable, i.e. the same clinical input
triggered the system to produce the exact same outputs on
each occasion.

Patients and Methods
Description of the Prostate Cancer System
The present clinical-decision support system (CDSS) is a
web-based solution that can be used with current versions of
browsers including Microsoft IE, Google Chrome, Mozilla,
and Safari. At the core of the system is a rule engine, which
processes all of the data captured and held for a patient, and
presents it to a complex disease domain-speciﬁc algorithm
compiled and tested in accordance with NICE guidelines [5].
The system uses principally Microsoft technologies
including: Microsoft SQL Server database, the
Microsoft.NET development framework and the C#
programming language, along with other web technologies,
e.g. JavaScript and AJAX (Asynchronous JavaScript And
XML).
System security and Functional Analysis
The expert system is based on a secure remote server held
within the NHS Information Technology (IT) network (N3).
This location makes it accessible to all NHS primary and
secondary care sites, and NHS partners without the need for
individual copies at each site, providing one single point of
access. Only authorised personnel can gain access to this
system and all the stored data are encrypted consistent with
the standards of the Information Governance Statement of
Compliance (IG SoC).
The system is triggered by an authorised-user query about a
patient visit. The CDSS accesses their records on the Hospital
Information System, including their laboratory test results,
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before asking the user to complete a problem-speciﬁc online
form. The form includes routine questions enquiring about
relevant symptoms as outlined in the NICE 2014 guidelines
to support the system in accurate decision-making [5]. The
system output is in the form of an electronic clinic letter
suggesting a tailored treatment plan for the individual patient
consultation.
Study Conﬁguration
The CDSS is already part of an existing cancer nurse
specialist-led prostate cancer follow-up service in Derby
Hospital NHS Foundation trust and University Hospitals
Coventry and Warwickshire NHS Trust. The main system
function in this service is acting as an intelligent database and
clinic letter generator (Figs 1 and 2). Patients included were
those who had their disease diagnosed and treated by the
urology cancer multidisciplinary team before being discharged
for follow-up to the cancer nurse specialist clinic. There were
no speciﬁc criteria for follow-up in this clinic and the clinic
predated the software.
When seeing a patient for follow-up the users (cancer nurse
specialist in this study) supply the CDSS with recent symptoms
and blood test results, and the system produces an electronic
letter stating signiﬁcant clinical details and a suggested treatment
plan. The treatment plan was reviewed and overridden by the
cancer nurse specialist if appropriate to do so.
In this study, we only aimed to evaluate the systems’ validity,
thus the letters were anonymised and the nurses’ plans were
eliminated before examining the cases against the inclusion
criteria. Each letter generated by the CDSS had ﬁve main
components (Figs 1 and 2):
1
2
3
4
5

History of disease and treatment.
Current symptoms and blood test results.
System analysis of clinical data.
System suggested outcome.
Nurse notes text box for supplying any extra information
and overriding the system decision where necessary.

The eligible cases were anonymised by eliminating all
patients’ identiﬁers and the cancer nurse specialist free-text
entry of their own clinical assessment and plan (component 5
in Fig. 2).
Cases were examined by the study clinical monitor against
the inclusion criteria and cases were excluded from the study
with justiﬁcation (as not enough clinical data, newly
diagnosed or treated cases i.e. stable not prostate cancer etc.).
Eligibility Criteria
All adult patients seen in this clinic with known prostate
cancer whom had their primary treatment assigned and
delivered.
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Fig. 1 A sample of the anonymised electronic letter generated by the clinical-decision support system in the live clinic (page one).

Department of Urology
Prostate Cancer Telephone Clinic
NHS Number:
Date of Clinic:
Urology:
Clinical oncology:
PRIVATE AND CONFIDENTIAL
Direct Line:
Follow on page contains blood
test results and nurse’s notes.

Dear Dr,

Patient Summary
Stable Prostate Cancer Pathway : External Beam Radiation Therapy (EBRT)
was reviewed today in the stable prostate cancer clinic. Mr
Mr
is 59 years old and was
diagnosed with gleason score 3+4 cancer on 25 October 2006. His TNM stage was recorded as pT3 N0 M0.

1

His recorded PSA at presentation was 8.40 ng/ml. We have no record of a formal PSA nadir, we have
therefore calculated a nadir (0.04 ng/ml) based on our available PSA values.
Treatments:
24 Nov 2006 Zometa trial
Today’s Findings
The level of PSA present in the last available blood test is 0.80 ng/ml.
Clinical Management
The patient is being monitored on the radiotherapy management pathway, his PSA is within acceptable
parameters.
We are using a calculated nadir (0.04 ng/ml) to make our assessments as a formal hospital PSA nadir is
unavailable.
We do not have results for potassium, creatinine, alkaline phosphatase and calcium.

2

3

Follow Up
An appointment will be made to see the patient again in 6 months time.

4

Kind Regards,
Nurse
On behalf of the stable prostate cancer clinic

Fig. 2 A sample of the anonymised electronic letter generated by the clinical-decision support system in the live clinic (page two).

Nurse’s Notes:
is aware of his recent psa. He has no bothersome LUTS, has recently lost weight but this is
Mr
planned weight loss. He is happy to remain on the 6 monthly telephone clinic.
Recent appointments with associated blood test results:
Blood Test Name

Units

Prostate Specific Antigen (PSA)

3/5/2013

ug/L

4/26/2014

11/24/2014

1.3
0.8
0.9
(21 Feb 2013) (15 Apr 2014) (30 Oct 2014)

Key: [ - ] denotes results not recorded

(Date) in parenthesis denotes the lab test date
PSA Trend

PSA (ug/L)

5

1.6
1.4
1.2
1
0.8
0.6
0.4
0.2
0

1.3
1

0.9

0.78

0.9

0.9

0.8

0.5

0.43
0.04

30

15

15

27

18

21

28

20

16

28
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013

013
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Laboratory Test Date
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Inclusion Criteria

Results

Adult patients with known prostate cancer and presenting for
routine follow up in clinic with (essential requirement):

The study included data of 200 patients seen in either
hospital (100 each; Fig. 5). All patients had prostate cancer,
and the mean and median age was 75 (range 51–94) years,
with a mean and mode Gleason score of 7. The risk
stratiﬁcations according to D’Amico’s classiﬁcation [13] of
their disease on diagnosis identiﬁed 96 (48%) patients in the
high-risk group, and 78 (39%) and 26 (13%) in the
intermediate- and low-risk groups, respectively (Fig. 6).
Radiotherapy had been used to treat 128 cases out of the total
(Fig. 7).

1 Known prostate cancer treatment pathway.
2 Details on his serum PSA levels on presentation and most
recent results.
With or without (optional requirement):
1 Disease or treatment-related symptoms (lower urinary
tract, bone pain, weight loss and erectile dysfunction).
2 Abnormal blood test (haemoglobin, calcium, urea,
electrolytes, creatinine, and liver function tests).
Exclusion Criteria
1 Cases with newly diagnosed prostate cancer that are
waiting for a decision to treat.
2 Cases with known prostate cancer that are being evaluated
for known recent disease progression.
3 Cases with no clinical details of their initial cancer
presentation such as Gleason score, PSA level, and tumour
grade, which would inﬂuence the follow-up decisionmaking.
In order to reach both endpoints, the study divided into two
branches after case selection (Fig. 3). In the primary endpoint
pathway, the included cases were reviewed by two
independent clinical investigators after eliminating the system
analysis and suggestions (Components 3 and 4 samples in
Fig. 1). Each investigator independently assigned an outcome
for each case (Fig. 4) according to the disease history, current
results, and symptoms blinded from the system
recommendation.
In the second part of the study, the system reliability and
precision was estimated by codifying all cases clinical
variables and output. The cases speciﬁc codes were all
tabulated on a spread sheet (Excel, Microsoft Corp, Seattle,
WA, USA) and all cases with similar input(s) were
expected to have the same output code. In case of
discrepancy, errors were identiﬁed and the system was
then corrected. Any system changes were followed by a
re-test by a new sample of cases to re-estimate
reliability until 100% precision was obtained (secondary
endpoint).
Statistical Evaluation
The system validation was estimated by testing the null
hypothesis that the agreement between the CDSS and the
human domain experts was slight to fair (k0 = 0.4) against
the alternative that it was better than moderate (k1 > 0.6)
[12]. Kappa was estimated between each investigator and
the CDSS then between both investigators.

4

Kappa statistics were estimated to test the hypothesis. The
unweighted kappa for investigator 1 and 2 was 0.8, and with
quadratic weighting the kappa remained, demonstrating
substantial agreement between the CDSS and investigator at
0.86 and 0.96 for investigator 1 and investigator 2,
respectively. This refuted the null hypothesis as k0 > 0.4 and
alternative hypothesis k1 > 0.6 was accepted, with the
conclusion that the CDSS is valid and its assigned outcomes
are acceptable by the domain experts (Tables 1, 2 and 3).
Both investigators identiﬁed 31 cases with possible disease
progression or recurrence (investigator 1, 25; investigator 2,
29). Most of those cases were biochemical failure after
radiotherapy treatment (21 out of the total of 31) based on
either American Society for Therapeutic Radiology and
Oncology (ASTRO) [14–16] or Phoenix [17] criteria, or both.
Six cases were on watchful waiting and had either high or
rising PSA levels and were identiﬁed as disease progression
(those patients did not receive any treatment). Two patients
had radical surgery with detectable PSA levels and one was
treated with hormone ablation, with a signiﬁcant PSAdoubling time. The CDSS identiﬁed all of the above cases as
disease progression or recurrence except one case who was
only classiﬁed by investigator 1 as potential recurrence after
radiotherapy. They had only two consecutive rises in their
PSA level, thus not identiﬁed as biochemical failure by the
CDSS or investigator 2.
The reliability testing was estimated by examining the
outcome of cases with similar input codes. This showed 100%
reliability and so the study secondary objective was met.

Discussion
The present multicentre study validated and veriﬁed a novel
CDSS-led follow-up service that can be used in a prostate
cancer follow-up setting, which could be based in either
primary or secondary care. The present study is the ﬁrst to
combine quantitative methodologies to perform full system
validation and veriﬁcation on real patients. This critical test
has been lacking in the development of medical expert
systems, and this has led to poor uptake because of a lack of
conﬁdence in these systems [11]. Standalone software as
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Fig. 3 Live validation study ﬂow chart displaying both endpoints of the study.
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CDSS is recognised by European regulatory bodies as a
medical device and require registration via strict criteria [18].
These criteria are outlined in the declarations of the
International Organization for Standardization (ISO) 13 485
(quality management systems), 14 971 (risk management)
and 62 304 (software development cycle). The latter addresses
the standards for testing that should be met in the validation.

In the present study, we quantiﬁed the validity by estimating
the kappa statistics in a two-centre live clinical evaluation.
Furthermore, the objective reliability testing veriﬁed the
system and completed the development cycle. These
quantiﬁed tests support the utility of the expert system, as it
has met state of the art veriﬁcation and validation
methodologies [18].

© 2018 The Authors
BJU International published by John Wiley & Sons Ltd on behalf of BJU International

5

Salem et al.

Fig. 4 A sample of the clinical data form. Those were anonymised and had their clinical outcome omitted before being presented to the individual
investigator for rating.

Department of Urology
Prostate Cancer Telephone Clinic
NHS Number:
0123456789
Date of Clinic:
26 Jan 2015
Consultant:
MJH
Study case
DB268
Re:

Mr Study case DB268

Patient Summary
Stable Prostate Cancer Pathway: External Beam Radiation Therapy (EBRT)
Mr DB268 was receiwed today in the stable prostate cancer clinic. Mr DB268 is 74 years
old and was diagnosed with gleason score 6 cancer on 12 May 2004. His TNM stage was
recorded as pT2cN0 M0.
His recorded PSA at presentation was 7.90 ng/ml. His PSA nadir is [0.08 ng/ml].
Treatments:
15 Nov 2004 Radical radiotherapy with neo-adjuvant hormonal therapy completed December 2004.
Today’s Findings
The level of PSA present in the last available blood test is 0.60 ng/ml. no other symptoms.
Clinical Management
Blood test Name

Units

Creatinine

umol/L

Potassium

mmol/L

Prostate specific antigen (PSA)

ug/L

6/17/2013

1/30/2014

6/16/2014

1/26/2015

92
(14 Jan 2014)
4
(14 Jan 2014)
0.5
0.9
0.6
(14 Jan 2014) (30 May 2014) (12 Jan 2015)

0.6
(03 Jun 2013)

PSA (ug/L)

PSA Trend
1.2
1
0.8
0.6
0.4
0.2
0

0.9
0.74
0.54

0.48

0.6

0.5

0.6

0.5

12

30

14

03

19

23

15

24

14

20

15
20

ay

Jan

M
14

3
01

2

01

20

n2

n2

1

01

c2

Jan

Ju

Ju

De

1

01

0

01

v2

n2

Ju

No

Laboratory Test Date

OUTCOME

Comments

1
2
3
4
1 = ROUTINE, 2 = ROUTINE WITH ADVICE, 3 = URGENT , 4 = REFER TO HOSPITAL.
NAME

INVESTIGATOR

DATE
SIGN
1

It has been estimated that prostate cancer costs more than
€8.43 billion across Europe (£0.8 billion in the UK), with
most spent on treatment in the ﬁrst year after diagnosis [19].
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Page

Prostate cancer follow-up is also expensive overall and costeffective service improvement is much needed. This cost is
expected to increase with improvement in disease-speciﬁc
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Fig. 5 Included cases ﬂow chart.

direct patient interaction. This could have signiﬁcant beneﬁts
and cost savings but given the age group of the patients and
lack of ﬂexibility of NHS healthcare, the later would be
challenging to implement.

220 consecutive
patients seen in
Cancer Nurse
Specialist-led
clinic

All 220 cases
were diagnosed
with prostate
cancer and
eligible for the
study

This type of study is limited by the quality of the clinical data
and experience of the human experts. The data in our present
study were all real patients’ data collected in real-time clinics
from two large tertiary and secondary care centres.
Furthermore, uncommon and rare presentations have been
validated in the knowledge validation study. Cases studied
were allocated to the cancer nurse specialist follow-up clinic
by the multidisciplinary team and may explain the low
recurrence rate in the present study, even though 48% of the
cases were in the high-risk group.

two cases were
excluded due to
lack of information
on PSA

The clinical investigators were both qualiﬁed consultants
and they received independent specialist training. One had
special interest in prostate cancer community follow-up and
had previously developed a follow-up model for a remote
area. The other investigator had an interest in core urology
and stone disease. Both were not familiar with the software
development and had no conﬂict of interest. The rating was
performed blinded from the other investigator and the
CDSS, thus bias was eliminated and the agreement
calculated by the kappa coefﬁcient should be the true
agreement.

All 218 cases met
the inclusion
criteria

last 18 cases were
excluded as
suffecient number for
analysis was
reached (n = 200)
only first 200 cases
were anonymised
and included in the
study for analysis

Fig. 6 Included cases demographics. Cases were stratiﬁed according to
their data in the initial diagnosis of prostate cancer following D’Amico’s
classiﬁcation criteria. Most were in the intermediate- and high-risk group.

Study demographics
120
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100
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60
40
20

26

22
7

0
Low risk Intermediate High
PSA at
Average Average age
risk
risk presentation gleason score

survival and increase in the population life-expectancy. The
CDSS model may be able to safely move follow-up in to
primary care with potentially signiﬁcant cost saving [6]. The
system developers believe that the valid system can be used
by any healthcare worker regardless of their urological
background, with a potential of adopting an interface for

In medicine, the validation of an intervention usually requires
a comparison against the ‘gold standard’ to estimate the
sensitivity and speciﬁcity. This is different to expert system
validation, where it is based on the Turing test concept in
comparing the machine’s cognitive performance to human
domain experts [10,20]. Kappa statistics are more appropriate
for this type of validation, as they estimate the agreement
between human and machine cognitive function and have
been applied by other studies to validate expert systems
[21,22]. The sensitivity and speciﬁcity is only accurate if
compared with the ‘gold standard’ of histopathology results
and this is more widely applied by artiﬁcial neural networks,
as they learn directly from data and the role of human
opinion is limited [9].
The long-term outcome of the cases was not examined as
part of the present study. The validation aimed to estimate
the validity of the system reasoning against consultant
urologists. The long-term outcome can be useful to estimate
the accuracy of both investigators and the CDSS; however,
this would require long-term follow-up and more invasive
tests.

Conclusion
The CDSS demonstrated high validity and accuracy in its
decision making. This tool has the potential for safe use in
supporting follow-up of surgical oncology in primary and
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Fig. 7 Cases stratiﬁcation according to treatment. The stratiﬁcation was according to the most signiﬁcant treatment on which we calculate biochemical
failure and disease progression. Radiotherapy was the most common, as this group usually requires longer follow-up than patients after surgical
treatment.

Radiotherapy

128

Hormonal

23

Radical prostatectomy

25

Watchful waiting

23

Consultant specific 1
200

Total
0

50

Unweighted
Linear weighting
Quadratic weighting

Observed kappa

Standard error

95% CI

0.8
0.8
0.86

0.043
0.04
0.046

0.72–0.89
0.75–0.91
0.78–0.94

1

2

3
Table 2 Kappa statistics for investigator 2 and CDSS.
Type of kappa

Unweighted
Linear weighting
Quadratic weighting

Observed
kappa

Standard error

95% CI

0.85
0.92
0.96

0.039
0.023
NC*

0.77–0.92
0.86–0.96
NC*

4

5

*N, this quantity cannot be calculated.

6
Table 3 Kappa statistics for investigators 1 and 2.
Type of kappa
Unweighted
Linear weighting
Quadratic weighting

Observed kappa

Standard error

95% CI

0.83
0.85
0.87

0.43
0.4
0.043

0.74–0.91
0.77–0.93
0.79–0.95

7
8
9
10

secondary care. A mixed methodology approach is required
to perform the mandatory system validation and veriﬁcation.
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