
Division of Population Health Sciences 

 

Royal College of Surgeons in Ireland 
Coláiste Ríoga na Máinleá in Éirinn 

Clinical prediction rules in cancer diagnosis  

Tom Fahey  

RCSI & HRB Centre for Primary Care Research 

 



Division of Population Health Sciences 

 

Outline of talk 

• Clinical prediction rules (CPRs) 

– Definitions and uses 

– Cancer diagnosis 

 

• Solutions to implementation 

– Cochrane Register of CPRs in primary care 

– Computer based clinical decision support systems 
(CDSSs) 
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(1) Clinical prediction rules 

• Definitions & uses 

 

• Cancer diagnosis 
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Definitions 

• Clinical Prediction Rule 

– Clinical tools that quantify the contribution of 

• Patient History 

• Physical Examination 

• Diagnostic Tests 

– Stratify patients diagnosis 

• Probability of having target disorder. 

– Outcome can be in terms of diagnosis, prognosis, 
referral or treatment 
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Stages of development of CPR 

Figure 2. Development of a Clinical Decision Rule 
 
 
 
 
 
 
 
 
 
 
 
 

Level of Evidence  
 

4 3 2 1 

 

Step 2. Validation 
 

Evidence of reproducible accuracy 
 

Narrow Validation Broad Validation 

Application of a rule in a Application of rule in 
Similar clinical setting and multiple clinical settings 
Population as Step 1 and varying prevalence 
 and outcomes of disease 

Step 3. Impact Analysis 
 

Evidence that rule change 
physician behaviour and 
improves patient outcomes 
and/or reduces costs 

Step 1. Derivation 
 

Identification of factors 
with predictive power 



Example of a CPR: The Centor Score 
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(1) Clinical prediction rules 

• Definitions & uses 

 

• Cancer diagnosis & prognosis 

– Breast- derivation & validation 

– Colorectal- systematic review derivation studies 

– Prostate- prognostic CPR 
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Irish derivation & validation 
study  

• Routinely collected data from a national Symptomatic 
Breast Clinic  

 

• January 2011-December 2012 (n=7,501) 
– information on clinical, radiological and pathological data for 

patients attending the SBU  

 

• Derivation cohort – (Jan 11-June 12) 

 

• Validation cohort - (July 12-Dec 12) 
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Adjusted ORs and regression coefficients for the 
presence of breast cancer from derivation 

Explanatory 

variable  

Adjusted OR 

95%CI 

Regression 

coefficient 

P-Value 

Increasing age 

(additional 

year) 

1.079 (1.071-1.088) 0.08 <0.0001 

Presence of a 

Lump 

5.634 (4.197-7.563) 1.73 <0.0001 

Nipple Change 2.771 (1.676-4.582) 1.02 <0.0001 

Nipple 

Discharge 

2.086 (1.095-3.974) 0.74 0.0254 
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Recurrence free survival at 3 years 
Study or Subgroup

2.1.1 Low risk group (0-2 points)

Cooberberg et al 2006

Ishizaki et al 2011

Loeb et al 2010

Lughezzani et al 2010

May et al 2007

Tamblyn et al 2011

Subtotal (95% CI)

Total events

Heterogeneity: Tau² = 0.00; Chi² = 12.71, df = 5 (P = 0.03); I² = 61%

Test for overall effect: Z = 1.67 (P = 0.09)

2.1.2 Intermediate risk group (3-5 points)

Cooberberg et al 2006

Ishizaki et al 2011

Loeb et al 2010

Lughezzani et al 2010

May et al 2007

Tamblyn et al 2011

Subtotal (95% CI)

Total events

Heterogeneity: Tau² = 0.00; Chi² = 9.85, df = 5 (P = 0.08); I² = 49%

Test for overall effect: Z = 1.43 (P = 0.15)

2.1.3 High risk group (6-10 points)

Cooberberg et al 2006

Ishizaki et al 2011

Loeb et al 2010

Lughezzani et al 2010

May et al 2007

Tamblyn et al 2011

Subtotal (95% CI)

Total events

Heterogeneity: Tau² = 0.02; Chi² = 8.80, df = 5 (P = 0.12); I² = 43%

Test for overall effect: Z = 1.48 (P = 0.14)

Total (95% CI)

Total events

Heterogeneity: Tau² = 0.00; Chi² = 54.68, df = 17 (P < 0.00001); I² = 69%

Test for overall effect: Z = 0.49 (P = 0.63)

Test for subgroup differences: Not applicable

Events

587

76

633

816

384

94

2590

441

84

198

684

497

107

2011

57

8

15

87

102

10

279

4880

Total

653

85

704

908

427

105

2882

557

106

250

863

627

135

2538

136

20

36

205

242

23

662

6082

Events

574

73

649

851

409

97

2653

408

84

211

642

467

109

1921

56

2

25

106

114

12

315

4889

Total

653

85

704

908

427

105

2882

557

106

250

863

627

135

2538

136

20

36

205

242

23

662

6082

Weight

10.2%

4.8%

10.6%

11.0%

10.3%

6.5%

53.4%

8.0%

3.8%

6.7%

9.1%

8.4%

4.5%

40.4%

1.2%

0.1%

0.5%

2.0%

2.2%

0.3%

6.2%

100.0%

M-H, Random, 95% CI

1.02 [0.98, 1.06]

1.04 [0.93, 1.17]

0.98 [0.94, 1.01]

0.96 [0.93, 0.99]

0.94 [0.90, 0.97]

0.97 [0.89, 1.06]

0.98 [0.95, 1.00]

1.08 [1.01, 1.15]

1.00 [0.87, 1.15]

0.94 [0.86, 1.02]

1.07 [1.01, 1.12]

1.06 [1.00, 1.13]

0.98 [0.87, 1.11]

1.03 [0.99, 1.08]

1.02 [0.77, 1.35]

4.00 [0.97, 16.55]

0.60 [0.39, 0.93]

0.82 [0.67, 1.01]

0.89 [0.73, 1.09]

0.83 [0.45, 1.53]

0.87 [0.73, 1.05]

0.99 [0.96, 1.02]

Predicted Observed Risk Ratio Risk Ratio

M-H, Random, 95% CI

0.5 0.7 1 1.5 2

Under prediction Over prediction
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Recurrence free survival at 5 years 
Study or Subgroup

1.1.1 Low risk group (0-2 points)

Cooberberg et al 2006

Ishizaki et al 2011

Loeb et al 2010

Lughezzani et al 2010

May et al 2007

Tamblyn et al 2011

Zhao et al 2008

Subtotal (95% CI)

Total events

Heterogeneity: Tau² = 0.00; Chi² = 29.78, df = 6 (P < 0.0001); I² = 80%

Test for overall effect: Z = 3.03 (P = 0.002)

1.1.2 Intermediate risk group (3-5 points)

Cooberberg et al 2006

Ishizaki et al 2011

Loeb et al 2010

Lughezzani et al 2010

May et al 2007

Tamblyn et al 2011

Zhao et al 2008

Subtotal (95% CI)

Total events

Heterogeneity: Tau² = 0.00; Chi² = 13.29, df = 6 (P = 0.04); I² = 55%

Test for overall effect: Z = 2.36 (P = 0.02)

1.1.3 High risk group (6-10 points)

Cooberberg et al 2006

Ishizaki et al 2011

Loeb et al 2010

Lughezzani et al 2010

May et al 2007

Tamblyn et al 2011

Zhao et al 2008

Subtotal (95% CI)

Total events

Heterogeneity: Tau² = 0.01; Chi² = 6.92, df = 6 (P = 0.33); I² = 13%

Test for overall effect: Z = 3.89 (P = 0.0001)

Total (95% CI)

Total events

Heterogeneity: Tau² = 0.00; Chi² = 62.25, df = 20 (P < 0.00001); I² = 68%

Test for overall effect: Z = 4.43 (P < 0.00001)

Events

542

71

584

753

354

41

3926

6271

350

67

157

542

394

46

1114

2670

33

5

9

49

58

4

55

213

9154

Total

653

85

704

908

427

49

4733

7559

557

106

250

863

627

73

1774

4250

136

20

36

205

242

15

230

884

12693

Events

526

64

626

827

399

42

4313

6797

340

71

197

567

409

47

1215

2846

34

2

16

82

81

4

79

298

9941

Total

653

85

704

908

427

49

4733

7559

557

106

250

863

627

73

1774

4250

136

20

36

205

242

15

230

884

12693

Weight

9.3%

3.2%

10.0%

10.5%

9.4%

2.8%

11.8%

57.1%

6.1%

2.2%

4.8%

7.7%

6.7%

1.5%

9.6%

38.7%

0.6%

0.0%

0.2%

1.1%

1.2%

0.1%

1.1%

4.3%

100.0%

M-H, Random, 95% CI

1.03 [0.98, 1.08]

1.11 [0.95, 1.29]

0.93 [0.89, 0.97]

0.91 [0.88, 0.94]

0.89 [0.84, 0.93]

0.98 [0.82, 1.16]

0.91 [0.90, 0.92]

0.94 [0.90, 0.98]

1.03 [0.94, 1.13]

0.94 [0.77, 1.15]

0.80 [0.71, 0.89]

0.96 [0.89, 1.03]

0.96 [0.89, 1.05]

0.98 [0.77, 1.25]

0.92 [0.87, 0.96]

0.94 [0.89, 0.99]

0.97 [0.64, 1.47]

2.50 [0.55, 11.41]

0.56 [0.29, 1.10]

0.60 [0.44, 0.80]

0.72 [0.54, 0.95]

1.00 [0.31, 3.28]

0.70 [0.52, 0.93]

0.72 [0.60, 0.85]

0.93 [0.90, 0.96]

Predicted Observed Risk Ratio Risk Ratio

M-H, Random, 95% CI

0.5 0.7 1 1.5 2

Under prediction Over prediction
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CPRs & cancer 

• Need to cumulative totality of evidence 

 

• Establish performance (discrimination & 
calibration) prior to implementation 

 

• Low prior (prevalence) settings, CPRs operate best 
at “ruling out” cancer 
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(2) Solutions to implementation 

• Cochrane register of CPRs in primary care 

 

• Implementation of CPRs with computer-based 
clinical decision support systems 
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Academic Emergency Medicine Family Medicine 

American Family Physician Family Practice 

American Journal of Medicine Journal of American Medical Association 

Annals of Emergency Medicine Journal of the American Board of Family Medicine 

Annals of Family Medicine Journal of Clinical Epidemiology 

Annals of Internal Medicine Journal of Family Practice 

Annals of Medicine Journal of Internal Medicine 

Annual Review of Medicine Lancet 

Archives of Internal Medicine Medical Care 

BMC Family Practice Medical Decision Making 

British Medical Journal Medicine 

British Journal of General Practice New England Journal of Medicine 

Canadian Family Physician Public Library of Science Medicine 

Canadian Medical Association Journal Primary Care 

Cochrane Database Systematic Reviews Scandinavian Journal of Primary Health Care 

30 journals included on the 
register 
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Search filter for CPRs in primary 
care 

 

• Manually searched 30 journals relevant to primary care for the 
year 2008 (‘reference standard’) 

 

• 7 individual electronic searches of the 30 journals (each filter 
treated as ‘diagnostic tests’) 

 

• Test accuracy analysis: Sensitivity and specificity 

 

• Aim: to maximise sensitivity  



Database Filter name Filter search string 

PubMed Haynes Broad Filter 

(HBF) 

(predict*[tiab] OR predictive value of tests[mh] OR scor*[tiab] OR observ*[tiab] OR 

observer variation[mh]) 

PubMed Haynes Narrow Filter 

(HNF) 

(validation[tiab] OR validate[tiab]) 

EBSCO host McGrath/Murphy 

Broad Filter (MMBF)  

((predict* N3 rule* OR predict* N3 model OR predict* N3 models) OR (decision* N3 

rule*) OR (TX validat*)) 

EBSCO host McGrath/Murphy 

Narrow Filter 

(MMNF) 

  

((predict* N3 rule* OR predict* N3 model OR predict* N3 models) OR (decision* N3 

rule*)) 

PubMed Teljeur/Murphy 

Inclusion Filter 26 

item (TMIF-26)  

"clinical prediction" OR "clinical model*" OR "clinical score*" OR "decision rule*" OR 

"diagnostic accuracy" OR "diagnostic rule*" OR "diagnostic score*" OR "diagnostic 

value" OR "predictive outcome*" OR "predictive rule*" OR "predictive score*" OR 

"predictive value" OR "predictive risk*" OR "prediction outcome*" OR "prediction 

rule*" OR "prediction score*" OR "prediction value*" OR "prediction risk*" OR "risk 

assessment" OR "risk score*" OR "validation decision*" OR "validation rule*" OR 

"validation score*" OR (derivation AND validation) OR (sensitivity AND specificity) OR 

(symptoms AND signs) 

PubMed Teljeur/Murphy 

Inclusion Filter 22 

item (TMIF-22)   

(clinical[tiab] AND predict*[tiab]) OR (clinical[tiab] AND model*[tiab] ) OR 

(clinical[tiab] AND score*[tiab]) OR (decision [tiab] AND rule*[tiab]) OR (derive*[tiab] 

AND validat*[tiab]) OR (diagnos*[tiab] AND accura*[tiab]) OR (diagnos*[tiab] AND 

rule*[tiab]) OR (diagnos*[tiab] AND score*[tiab]) OR (diagnos*[tiab] AND value[tiab]) 

OR (predict*[tiab] AND outcome*[tiab]) OR (predict*[tiab] AND rule*[tiab] OR 

(predict*[tiab] AND score*[tiab] ) OR (predict*[tiab] AND validat*[tiab]) OR 

(predict*[tiab] AND value*[tiab]) OR (risk*[tiab] AND assessment*[tiab]) OR (risk[tiab] 

AND score*[tiab]) OR (sensitivity[tiab] AND specificity[tiab]) OR (symptoms[tiab] 

AND signs[tiab]) OR (validat*[tiab] AND decision*[tiab]) OR (validat*[tiab] AND 

rule*[tiab]) OR (validat*[tiab] AND score*[tiab]) OR (predict*[tiab] AND risk*[tiab]) 

PubMed Teljeur/Murphy 

Exclusion Filter 

(TMEF)  

(allele OR amino OR animal OR apoptosis OR chromosome OR congenital OR dental 

OR dna OR endogenous OR endothelial OR epithelial OR mammalian OR mice OR 

molecule OR molecular OR mouse OR mutate OR mutation OR necrosis OR 

pathogenesis OR phosphorylation OR polymorphism OR receptor OR signal OR species 

OR tissue OR tumor OR tumour OR tyrosine OR vitro) 



Results 

Filter name N 

articles 

retrieved 

N CPRs 

retrieved 

Sensitivity (%) Specificity (%) 

 

Haynes Broad Filter 
 

1251 

 

31 

 

76 

 

81 
Haynes Narrow Filter 89 12 29 99 

McGrath/Murphy Broad Filter 264 23 56 96 

McGrath/Murphy Narrow Filter 63 16 39 99 

Teljeur Murphy Inclusion Filter-26 item 2432 39 95 62 

Teljeur/Murphy Inclusion Filter-22 item 693 34 83 90 

Teljeur/Murphy Exclusion Filter 3589 24 59 43 

Manual ‘reference standard’ search retrieved 6344 articles, 41 of which were 

CPRs 
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MEDLINE versus  the final search filter applied 
to 30 primary care journals (1966 – 2008) 

N
u

m
b

er
 o

f 
ar

ti
cl

es
 i

n
 P

u
b

M
E

d
 

Year of publication  
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Register of CPRs (n=745 studies) 
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CPRs clinical domains 
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Quality assessment CPRs- 
derivation 
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Quality assessment CPRs- 
validation 
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Quality assessment CPRs- 
impact analysis 
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Registry 
1 

2 

3 

4 

5 

6 



Search 
other 

databases 

• Embase 

• Cochrane 

• Medion 

• LILACS 

Expert 
contact 

• Author’s databases 

• Published  

• Unpublished 

Secondary 
sources 

• Evidence Based 
Medicine (BMJ ) 

• Rational Clinical 
Examination (JAMA) 

Register 

Ongoing Work 



Division of Population Health Sciences 

 

Implementation of evidence 
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Clinical decision support system 

• Clinical decision support system (CDSS) 

– Systems that are designed to improve clinical 
decision making 

• Key points 

– Integrated with the electronic patient record 

– Available at the point of care 

– Computerised knowledge base 

– Provide patient-specific content 
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Implementation 

Clinical Domain : Pharyngitis  

CPR : Centor Score 

• CDSS based on Bayesian reasoning 

– Reasoning engine   
• Software Algorithm  

• Combining Clinical Prediction Rules in registry to patient data 

– Communication mechanism   
• Input : Electronic Patient Record 

• Output : Diagnostic and therapeutic recommendations 
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Conclusions 

• Cancer diagnosis requires more CPRs developed 
and validated in community settings 

• Evidence should be synthesised in the same way as 
RCTs 

• Solutions to implementation 

– Cochrane Register of CPRs in primary care 

– Computer based clinical decision support systems 
(CDSSs) of CPRs 

 

 


