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Comparison of scent detection studies 
(Moser and McCulloch, 2010) 

Willis et al. 
(2004) 

Pickel  et al. 
(2004) 

McCulloch et al. 
(2006) 

Horvath et al. 
(2008) 

Gordon et al. 
(2008) 

 

Tumor 
 type 

 

Bladder Melanoma Lung Breast Ovarian breast prostate 

Odour 
source 

 

Urine Melanoma 
lesions 

Breath Tumor tissue Urine 

sensitivity 41% 75-85% 88% 99% 100% 22% 17% 



Epidemiology of cancer diseases in Poland (2007) 

(http://epid.coi.waw.pl/krn/) 

Morbidity >120 000  new cases 

Mortality > 100 000 

 

Men ( ca. 64 000 new cases / year) 

 

 

Lung cancer   - 15 157     (23,6 %) 

Prostate           -   7 154     (10,1 %) 

Colon               -   4 098      (6,3 %) 

 

…………. 

 

13. melanoma    -    998     ( 1,5 %)   

 

Women ( ca. 63 000new cases/year) 

 

 

Breast cancer         - 13 322       (21,5 %) 

Lung cancer             -   5 075        (8,1 %) 

Corpus uteri              -  4 376        (7,0 %) 

Skin                           -  4 306        (6,9 %) 
(other than melanoma) 

…………. 

 

 

15. melanoma    -   1103     ( 1,7 %)   

cancer analyzed in the study 



Early diagnosis of cancer  is a precondition of efficient 

therapy 

 

• Screening tests are based particulary on imaging such as X-ray, USG, 
CT, PET. 

 

 

• Final diagnosis is obtained on the basis of a biopsy and histopathology 
examination. 

 

 

• Existing noninvasive screening methods such as blood and urine 
analysis could be supplemented by innovative methods such as  
exhaled breath analysis as an alternative to imaging. 

 



Lavoisier, France XVIII century 

Breath testing (Menssana Research)   

 

„Breath tests in medicine”  Michael Phillips  

Scientific American July 1992, 74 -79 

 



Identified breath biomarkers of cancer  
( Phillips et al., 2006; Poli et al., 2005; Smith et al., 2003; Wehinger et al., 2007)   

Class                                Compounds 

• Alcohols 

• Aldehydes 

• Ketones 

• Hydrocarbons 

 

 

 

 

 

• Esters 

• Heterocykles 

 

• 2- Propanol 

• Formaldehyde; acetaldehyde; heptanal; hexanal 

• 1-Phenylethanone 

• Benzene; toluene; stryene; xylenes isomers; 

trimethylbenzenes isomers; propylbenzene; 

ethylbenzene; 2-Methylheptane; 3-

methylononane; 3-methylooctane; 2,4-

dimethylheptane; pentane; heptane; octane; 

decane; undecane; methylcyclopentane; 

isoprene; 1-hexene; 1-heptene; cyclohexane; 1-

methyl-2-pentylcyclopropane 

 

• 2, Isopryl myristate 

• 3-Dihydro-1-penthyl-4(1H)-quinazoline 

 



 

 

a,b,c-number of cases 

 

 

Sensitivity =  a / (a+c)  

Specyficity =  d / (b+d)  

 

 
Detection sensitivity and specificity 

 

disease         no disease 

Test 

outcome 

  
positive 

 
 
 

 (a) 
  true positive 

    (b) 
false positive  

negative  (c) 
false negative  

    (d) 
  true negative 



Sensitivity and specificity of lung and breast cancer detection on the 

basis of  VOCs analysis by gas chromatogrphy / mass spectrometry 
(Phillips et al. 1999, 2003) 

      

    Lung cancer 
 
  Sensitivity  71,7%                   Specificity  66,7% 
 
 
 
 
 
    Breast cancer 
  
  Sensitivity  88,2%                   Specificity   73,8% 



Rationale 

• Cancer tissue emits specific compounds which circulate in the blood 

and are exhaled with the breath, excreted with sweat or urine and 

can be regarded as markers of cancer diseases (Phillips i wsp. 

1999, 2003, 2006;Yamada i wsp. 1992). 

 

 

 

• Dogs are able to distinguish between breath samples of donors with 

cancer diseases from those of healthy people. 

 

 

 



Aims 

 

• Training of dogs to detect odour markers of lung and breast cancer 

as well as melanoma 

 

• Statistical analysis of dogs’ indications: 

 True positive 

 False positive 

 False negative 

 

• Analysis of factors influencing indications made by dogs 

 

• Attempt to detect early stages of cancer diseases 



Dogs 

• Court – Labarador retriever 
 

 

 

 

 

• Cygun –mix    
 

 

 

 

 

 

• Gromit – mix  
 
 
 

 

 

 

 

 

Ethical clearance to conduct this research project was obtained from The 3rd Local 
Ethical Commission for Animal Experimentation in Warsaw, Poland.  

 

 

Dogs 



„Pattern” samples 
collected from  patients with cancer 

confirmed, before any treatment, recuited 

from 3 of Warsaw’s hospitals  

• Lung cancer    – 80 persons 

• Breast cancer  – 57 persons 

• Melanoma       – 45 persons 

 

„Control” samples 
collected from healthy (self 

declared) volunteers 

 

 

•  350 persons 

Donors of breath samples 

In order to follow ethical requirements, all breath sample donors were informed 

 about aim of the study 

 

The experimental procedure was approved by the Ethical Commission  

concerning the participating hospitals  

 

 

 

 



Breath samples 

PCV tube 

          Taking breath samples 

 

Breath samples prepared for sniffing by dogs 



 
Questionaires requested from breath sample donors  

 

• Date of collection 

• gender 

• Age 

• Tumour location, stage 

                                                          (only for pattern samples) 

• Other diseases (if any) 

• Medications 

• Last meal 

• Smoking 

 

• Place of sample collection (in or outside hospital) 



 
 

 

Dogs ‘ training procedure 

 
         B – blank sample,      F – food scent, P – pattern sample,  

         D – control sample,      T – test sample 

Phase I B B FP B B 

Zero  trial B B B B B 

Phase II B P B B B 

Phase III D D D P D 

Working phase D D D D P 

Double blind trial T D D D D 



Number of trials in consecutive training phases 

 
Phase 

 
Number of trials 

 
I 

 
333 

 
II 

 
1503 

 
III 

 
306 

 
working phase (including double 

blind trials) 

 
4273 



 

Dog’s work in the lineup 
 



Responses of dogs at work in the scent lineup 

•Correct responses 

 

 Indication of the stand with pattern sample  (true positive) 

 No indication of the control sample               (true negative) 

 

 

 

• Mistakes 

 

No indication of the pattern sample    (false negative) 

Indication of  a control sample             (false positive) 



 

Callculation units  
 

 

 

• Trial - comparison of all stands in the lineup and choosing of 

appropriate sample 

Any false indication results in declaring the trial a mistake 

20% of correct indications may be by chance 

 

 

 

• Each of the stands (response YES  or  NO) 

        50% of correct indications may be by chance 

 



 

 

a,b,c-number of cases 

 

 

Sensitivity =  a / (a+c)  

Specyficity =  d / (b+d)  

 

 
Detection sensitivity and specificity 

 

disease         no disease 

dog’s 
indication 

  
positive 

 
 
 

 (a) 
  true positive 

    (b) 
false positive  

negative  (c) 
false negative  

    (d) 
  true negative 

ROC 

(Receiver Operating Characteristic) 

 



Results of working phase:   

  Percentage of correct trials for a particular cancer  

   (trial as a unit for calculation) 

indication by chance
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  Sensitivity and specificity for a particular cancer  
(the stand in the lineup as a calculation unit) 



  ROC  cuvres and area under cuvres (AUC) for particular cancer 
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Dogs’ indication in a double blind trials  

 (the stand in the lineup as a calculation unit)                      
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Factors influencing indications made by dogs 
(logistic regression) 

 

factor                                      pattern samples                   control samples 

                                                      odds ratio          P                    odds ratio        P 

non smoker                                                                                      

current smoker                                  0,63           0,000                  1,01             0,740 

 

woman                                                                                             

man                                                    0,60           0,000                  1,06             0,213 

 

Milk free diet                                                                                      

Diet with milk                                      0,58          0,000                  1,25            0,001 

 

meat free diet                                                                                     

meat diet                                             0,64          0,000                  1,26           0,000 

 

Place of sample collection  

outside hospital                                                                                 

in hospital                                             2,92         0,001                   5,19           0,000 

 

after meal                                                                                          

on empty stomach                               1,11         0,596                    1,51          0,000 



• Relatively high detection sensitivity and specyficity of pattern samples; 

 

 

• Easy, non-invasive and cheap sampling;  

 

 

• Relatively easy training of dogs;  

 

 

• Sampling and  testing separation; 

 

 

• Possiblity of detection after long storage of samples in contrast to 
chemical methods such as  GC/MS, which require rapid analysis. 

Advantages of canine detection of cancer 



Disadvantages  of canine detection of cancer 

• Possible variation of sensitivity and specyficity depending on  a 

dogs motivation, wrong or insufficient conditioning, odour 

contamination and a number of other factors; 

 

• It is not known which chemical compound the dogs detect or what 

odour influences the dogs indication; 

 

• Necessity of systematic control of a dogs performance. 



Conclusions 

• Trained dogs can distuinguish breath samples from patients with 

diagnosed cancer diseases from those taken from healthy 

volunteers; 

  

• In the course of the project there were no cases of new malignances 

among control persons so it is still not clear whether dogs can 

distuinguish a breath sample on the basis of odour markers in the 

early stages of cancer disease before a medical diagnosis.  

 

• At this phase using dogs as a independent screening method may be 
premature due to some of the problems mentioned above. 
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