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The Ability of Dogs to Detect Human Prostate Cancer Before and After 
Radical Prostatectomy

Abstract

Evaluation: The ability of highly-trained dogs’ olfactory system to detect prostate cancer specific volatile organic compounds (VOCs) 
in men after undergoing radical prostatectomy and the eventual biochemical recurrence (BCR) was assessed.

Materials and methods: One hundred-fourteen consecutivemen with clinical localized PCa undergoing radical prostatectomy be-
tween November 2011 and May 2013 were investigated. For each patient urine and serum samples were collected prior to radical 
prostatectomy, forty-five days and every six months during the successive follow-up (mean: 28 months; median: 28 months; range 19-
37 months). Two dogs were trained to sit when they detected PCa specific volatile organic compounds (VOCs) in the urine samples.

Results: Preoperatively, both dogs were able to detect PCa specific VOC’s in the urine samples of men with PCa with 100% accuracy. 
Forty-five days post-radical prostatectomy, 104 (91.2%) patients had a serum prostate-specific antigen (PSA) levels < 0.01 ng/ml, 
6 (5,2%) patients had a serum PSA levels > 0.01 but < 0.2 ng/ml and 4 (3,5%) patients had a serum PSA > 1 ng/ml. Forty-five days 
following surgery, neither dog detected prostate cancer specific VOC’s in the urine samples of the 104 men with a serum PSA level 
< 0.01ng/ml. Both dogs detected PCa specific VOC’s in samples collected from 2 out of 6 men with PSA levels > 0.01ng/ml and < 0.2 
ng/ml and both dogs were able to detect VOC’s in the samples each of the four men with PSA levels > 1ng/ml (i.e. persistent disease). 
During the successive followup 9 of 110 patients (8.1%) had BCR. Both dogs were able to detect PCa VOC’s in the urine samples of 7 
of these 9 patients (77.7%).

Conclusions: Highlytrained dogs are able to detect BCR in men who have previously undergone radical prostatectomy alone for PCa. 
Our understanding of the use of the canine olfactory system in PCa detection continues to evolve.
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The Ability of Dogs to Detect Human Prostate Cancer Before and After Radical Prostatectomy

Prostate cancer (PCa) is the fifth most common cancer in the world and the second most commonly diagnosed non-cutaneous 
cancer in men in the United States [1]. Prostate-specific antigen (PSA) is a widely used tumour biomarker for PCa [2]. Following radical 
prostatectomy, the PSA valuerepresents the gold standard for PCa follow-up. It is now accepted that any potential therapeutic strategy 
following biochemical recurrence (BCR) of PCa is based on rising serum PSA levels over time. Although a high degree of variability in 
the definition of BCR exists [3], a widely recognized definition of BCR is PSA of 0.2 ng/mL for patients who have previously undergone 
radical prostatectomy [3,4].

It is known that followingradical prostatectomy, serum PSA should decrease to lower levels (roughly, < 0.01 ng/ml) and remain con-
stant. Independent of tumour stage, it is a common practice to follow patients for evidence of recurrence with serial PSA measurements. 
Here we evaluate the ability of highly-trained dogs’ olfactory system to detect PCa recurrence in men who have previously undergone 
radical prostatectomy for PCa.

Over the past decade, various urine, blood, and tissue biomarkers have been proposed to replace PSA [5-8]. Among them, volatile 
organic compounds (VOCs) have been recognizedas a valid alternative diagnostic tool [9]. Therefore, the research to detect and identify 
some VOCs, which are a source of odours, as a way to develop new diagnostic methods, has been of great importance to medical sci-
ences. VOCs are molecules capable of volatilizing at room temperature and are the product of different metabolic pathways. VOCs can be 
detected by sophisticated biochemical techniques or using animals that have a highly sensitive sense of smell [9-14]. Since 2001, various 
studies have reported the detection of bladder, lung, skin, breast, and ovarian cancers and infectious diseases using a dog’s sense of smell 
[15,16]. Gordon., et al. [17] and Cornu., et al. [18] have extended the use of “detection dogs” to PCa. Recently, we establish the diagnostic 
accuracy, in term of sensitivity and specificity, in which a rigorously trained canine olfactory system could recognize PCa-specific VOCs 
in urine samples [15]. We analysed a series of 903 participants and found that two dogs achieved a sensitivity and specificity more than 
of 98.6% and 96.4%, respectively [15]. 

A total of 114 consecutive participants, with different grades and stages of prostate cancer, who underwent radical prostatectomy 
for PCa, were enrolled between November 2011 and May 2013. All patients were staged pre-operatively with either Choline-PET or ab-
dominal CT scan and bone scintigraphy. No patients enrolled in the study had clinical evidence of metastatic disease. For all patients, the 
clinical and epidemiological baseline characteristics including age, PSA, pathological stage, surgical margins and tumour volume were 
known (Table 1). The follow-up of patients consisted the analysis of serum PSA levels forty-five days after radical prostatectomy and then 
at 6-month intervals. The cut-off value in the definition of BCR was a PSA of 0.2 ng/mL [3,4]. The Ethical Committee of the Center treating 
the patients (Humanitas Clinical and Research Center, Rozzano, Milan, Italy) approved the study (n. CE ICH - 260/11). Each participant 
was informed about the study, questions were answered and signed consent was obtained. The entire study was conducted in collabora-
tion with the Italian Ministry of Defence’s, Military Veterinary Center (CEMIVET, Grosseto, Italy).

For each subject a urine sample (roughly, 15 ml) was collected prior toradical prostatectomy, as well asduring successive follow-up 
(45 days and every 6 months) in a sterile urine container and immediately stored at -20°C. These samples were then transported at 
controlled temperatures to the CEMIVET and stored at -20°C until used.

A professional team trained two three-year old female German Shepherd Explosive Detection Dogs, (Zoe, chip n. 961100000401699 
and Liu, chip n. 941000002579688). The team included 4 persons: a chief medical veterinary surgeon (LT), a head trainer and 2 handlers 
(PS, GL). We proceeded to the “evaluation phase” as previously described [15]. Both dogs tested all urine samples collected from patients 
before radical prostatectomy and during the follow-up.
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Both dogs detected PCa specific VOCs in the urine samples of men with PCa, pre operatively (Table 2). Forty-five days post-radical 
prostatectomy, 104 (91.2%) patients had a serum PSA levels < 0.01 ng/ml, 6 (5.2%) patients had serum PSA levels > 0.01 but < 0.2 ng/ml 
and 4 (3.5%) patients had a serum PSA levels > 1 ng/ml. Forty-five days following surgery, neither dog detected PCa specific VOCs in the 
urine samples of the 104 men with a serum PSA level < 0.01 ng/ml. Both dogs detected PCa specific VOCs in samples collected from 2 out 
of 6 men with PSA levels > 0.01 ng/ml and < 0.2 ng/ml and both dogs were able to detect PCa specific VOCs in the samples of all four men 
with PSA levels > 1 ng/ml (patients considered with persistent disease). During the successive follow-up (mean: 28 months; median: 28 
months; range 19-37 months) 9 of 110 patients (8.1%) had BCR. Both dogs were able to detect PCa specific VOCs in the urine samples 
of 7 of these 9 patients (77.7%). The patients that were not recognized by both dogs had not similar clinical characteristics. One patient 
was aged 60 years and had a pre-operatory serum PSA value 6.2 ng/ml, clinical stage T1c, Gleason score 3+4, pathological stage pT2cN0, 
tumour volume 45%, prostate volume 53 ml and negative surgical margins with a BCR 18 months after radical prostatectomy. The other 
patient was aged 56 years and had a pre-operatory serum PSA value 13 ng/ml, clinical stage T1c, Gleason score 4+3, pathological stage 
pT3bN0, tumour volume 17%, prostate volume 40 ml and positive surgical margins with a BCR 12 months after radical prostatectomy. 
The ability of dogs to anticipate the BCR was found in 2 out 7 patients.

Baseline clinical and histopathological characteristics were summarized using descriptive statistics (mean and standard deviation 
for continuous variables, and absolute frequencies for categorical variables, range). The statistical analysis was performed using Stata 
Statistical Software: Release 9, College Station, TX: Stata Corp LP.

Statistical analysis

Results



The Ability of Dogs to Detect Human Prostate Cancer Before and After Radical Prostatectomy
50

Citation: Gianluigi Taverna., et al. “The Ability of Dogs to Detect Human Prostate Cancer Before and After Radical Prostatectomy”. EC 

Veterinary Science 2.1 (2015): 47-51.

Here we have shown for the first time that highly-trained dogs are able to detect PCa BCR following radical-prostatectomy. The 
use of dogs for cancer detection emerged after the first case report in 1989 [15]. Recently, we demonstrated that a rigorously trained 
canine olfactory system can recognize PCa specific VOCs in urine samples with a sensitivity and specificity more than of 98.6% and 
96.4%, respectively [15]. Additionally, the dogs’ ability to recognize PCa specific VOCs was independent of the Gleason score, clinical 
and pathological stage, PSA, free-to-total PSA ratio, prostate health index, prostate and tumour volume, age of the patient and tumour 
topography. 

The nature and number of PCa specific VOCs the dogs are detecting in the urine samples of men with PCa is currently not known 
[2]. The recognition of PCa specific VOCs in urine from patients who have undergone radical prostatectomy and gone on to developed 
PCa metastases suggests that these VOCs depend on an active metabolic tumour process [15]. In the present study we found that both 
dogs detect each patient with persistent disease following radical prostatectomy.

The present study confirms that if a persistent cancer is present after radical prostatectomy it continues to produce PCa specific 
VOCs that are recognized by trained dogs. When the serum PSA level is less than or equal to 0.01 ng/ml the dog does not recognize the 
presence of cancer. An unanswered question remains. Why were the dogs only able to recognize 7 out of 9 patients with BCR? Ahypoth-
esis might be the different PCa metabolism, excessive VOCs dilution, or a simple mistake performed by two dogs. Our study was aimed 
to investigate whether VOCs were produced after radical prostatectomy and detected by ahighlytrained dogs’ olfactory system. The 
present study adds helpful information for the comprehension of the VOCs metabolism before and after radical prostatectomy. 

Forty-five days following surgery, neither dog detected prostate cancer specific VOC’s in the urine samples of men with a serum PSA 
level < 0.01 ng/ml and during the successive follow-up both dogs were able to detect PCa VOCs in the urine samples of 7 out of 9 patients 
(77.7%) with progressive biochemical relapse.

In conclusion, highly trained dogs were able to detect BCR in men who had previously undergone radical prostatectomy for PCa. 
Our understanding of the use of the highly trained canine olfactory system in PCa testing continues to evolve. Further studies will be 
fundamental to comprehend the biochemical nature and genesis of PCa specific VOCs. Accordingly with Robert R. Bahnson this future 
step encourages all of us to redouble our efforts to improve the detection of prostate cancer [2]. Clearly noninvasive olfactory diagnosis 
by trained canines would likely be less expensive and also have fewer complications. Furthermore, identifying the abnormal substance 
would open the door for therapeutic targets and provide an avenue for molecular imaging.

Conclusions
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