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Can dogs smell lung cancer? First study using exhaled breath and
urine screening in unselected patients with suspected lung cancer
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Abstract

Background. On the basis of our own experience and literature search, we hypothesised that a canine olfactory test may
be useful for detecting lung cancer in an unselected population of patients suspected to have lung cancer. Material and
methods. We conducted a prospective study of 93 patients consecutively admitted to hospital with suspected lung cancer.
Exhaled breath and urine were sampled before the patients underwent bronchoscopy. The canine olfactory test was per-
formed in a double-blinded manner. Sensitivity and specificity were outcome measures. Results. With 99% sensitivity, the
olfactory test demonstrated that dogs have the ability to distinguish cancer patients from healthy individuals. With an
intensified training procedure, the exhaled breath and urine tests showed sensitivity rates of 56-76% and specificity rates
of 8.3-33.3%, respectively, in our heterogeneous study population. Conclusion. Although the olfactory test appears to be
a promising tool for the detection of cancer, the main challenge is to determine whether the test can sufficiently discrimi-
nate between patients at risk, patients with benign disease, and patients with malignant disease. We need to gain a deeper
understanding of this test and further refine it before applying it as a screening tool for lung cancer in clinical settings.

Lung cancer is the number one cause of cancer
death in industrialised countries [1], and is an
emerging global challenge, given the increase in
smoking behaviour worldwide. Early detection fol-
lowed by surgical resection of lung tumour produces
the best long-term survival or cure. However, as this
is applicable only in 15-20% of the lung cancer
population, early screening detection programmes
that enhance expensive modern imaging modalities
are strongly warranted [2]. Computed tomography
(CT) screening have recently shown a long desired
reduction in mortality, but no convincing evidence
on the cost-effectiveness of radiological screening
has been produced, and so far it is unknown [3].
Behavioural risk factor interventions like smoking
cessation have, so far, been the most effective
methods in fighting lung cancer.

Much effort has been exerted worldwide in the
development of simple, inexpensive screening tools
for detecting lung cancer at an early, curable stage.
During the last three decades, the utility of chroma-
tography methods or so-called “electronic nose”
methods for detecting cancer have been studied
intensively; however, these methods have yet to meet
clinical expectations [4-6]. Novel approaches for
detection have begun to be explored.

Dogs have an extremely acute sense of smell,
enabling them to discriminate between virtually
innumerable scent qualities. This “PET scan” has
been used widely in civilian rescue services and at
crime scenes to enhance detection of humans and
contraband [7,8]. The olfactory test (i.e. dogs’ ability
to discriminate scents) has emerged as a promising
tool for the screening and early detection of different
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kinds of cancer in humans [9-13].1In 2006 McCulloch
et al. evaluated an olfactory test for detecting lung
cancer in which exhaled breath was “analysed” by
ordinary household dogs. The test had sensitivity and
specificity rates of 99%, and the results were inde-
pendent of the clinical stage of disease [10]. Horvath
et al. showed that trained dogs could detect ovarian
carcinoma by sniffing tumour tissue and blood sam-
ples. The sensitivity rate was 100% for both sample
types, and the specificity rate was 95% and 98%,
respectively [11]. Cornu et al. reported that trained
dogs could detect prostate cancer by sniffing urine,
at sensitivity and specificity rates of 91% [12].These
studies demonstrate that dogs are capable of dis-
criminating patients with cancer from presumptive
healthy people.

In 2012 Ehmann and colleagues used dogs to
assess the exhaled breath of healthy people, COPD
patients, and lung cancer patients [13], making the
test more challenging. Although the test’s sensitivity
rate decreased to 70%, it still had a high specificity
rate of 93%. The authors concluded that a stable
marker or scent pattern associated with lung cancer
probably exists and that this scent signature is likely
not present in COPD. In addition, they observed that
the dogs were able to discriminate tobacco smoke,
food odours, and potential drug metabolites [13]. As
with McCulloch et al., Ehmann et al. proposed
further studies to address the following question:
Can sniffer dogs discriminate benign lung lesions
from lung cancer?

With the aim of using scent dogs as a screening
tool in the clinic, we hypothesised that dogs can dis-
criminate patients with malignant disease from those
with different benign conditions. To test this hypoth-
esis, we conducted a clinically relevant study of unse-
lected patients admitted to hospital with suspected
lung cancer. At the time of inclusion in our study,
none of the patients were healthy.

At the Trondheim School of Dog Behaviour,
teachers and handlers have a special interest in train-
ing and using behavioural modification techniques
for dogs. Besides having olfactory test programmes
for different purposes, this group is particularly
interested in the detection of cancer, especially lung
cancer. Thus, an olfactory test was developed. On the
basis of our own pilot experience with the test method
and knowledge from the literature, we conducted the
present study.

Material and methods
Subjects

The study population included 93 consecutive
patients with suspected lung cancer, all benign or

malignant lung disease; none were healthy at the time
of inclusion. Patients that were unable to perform the
exhaled breath test were not included. Patients test-
ing negative for malignant lung disease were followed
up for three years in order to detect any future occur-
rence of cancer. The study was performed between
June 2006 and January 2009.

Diagnosis of lung cancer

The diagnosis of lung cancer was based on the clas-
sification system established by the World Health
Organization. Diagnosis was histologically verified
from biopsy or cytology specimens [14]. Confirmed
malignant diagnoses were categorised into four
groups: 1) non-cancer; 2) small-cell lung cancer
(SCLCQC); 3) non-small cell lung cancer (NSCLC);
and 4) non-lung cancer (pulmonary carcinoid,
mesothelioma or lung metastasis from other primary
neoplasms). We used the term “not confirmed” for
tumours that clinically and radiologically deter-
mined to be lung cancer and treated as such, but
were not histologically verified for various reasons.

Sampling of exhaled breath and urine

Both exhaled breath and urine used for the olfactory
test were collected from the subjects before perform-
ing bronchoscopy and at least four hours after oral
intake or tobacco smoking (range 4-12 hours). The
patients exhaled air (three forced expirations) through
sterile exhalation filters (Breating Filter Allegro ID
547468, Allegro Medical Inc, US), and the filters
were transferred to cool storage in specially cleaned
and sealed containers. The filters were placed into
these containers at room temperature one hour
before the olfactory test.

Urine (10 ml) was collected, stored in cryotubes,
and stored at —20°C. Urine samples were thawed to
room temperature one hour before the olfactory test.
Both the exhaled air containers and thawed urine
(1-2 droplets in sterile a cryotube) were immediately
put into separate specially sealed glass containers to
eliminate possible mixing of different odour com-
pounds. The containers were labelled with a code
number with reference to the patient, date of test,
and type of test material.

Finally, the exhaled breath and urine samples
were transported to the laboratory at Trondheim
School of Dog Behaviour for scent dog testing.
Exhaled breath samples were stored at room tem-
perature in the specially sealed containers, and the
urine was frozen at —20°C. Trained laboratory staff
let the dogs perform the olfactory test as soon as the
exhaled breath samples arrived. The olfactory test
took place no later than 2-4 weeks after sampling;



for urine samples, the test took place within hours
after thawing the frozen samples. Urine samples
were thawed up and the olfactory test was performed
(first urine test, after basic training), and re-frozen
before it was thawed up again for the second urine
test (after intensified training) 6—30 months after the
time for collection (June—-November 2009), depen-
dent on the time of inclusion and the time interval
to test performance. Even though it was not the
scope of this study, the test quality in terms of dura-
bility was tested both for exhaled breath (contami-
nated filters) and urine. The sensitivity was kept at
99% at intervals of 6, 12, 18, and 24 months, using
the same positive control and study material. There
was complete agreement among the repeated test
results for all available dogs (data not shown).

Positive control (lung cancer tumours)

Lung cancer tissue from preoperative tumour biop-
sies or resected lung tumours was used as positive
control samples for training the dogs. Dogs were
exposed to particles of the actual tumour or to a
scent imprint (contamination) on sterilised cotton
wool pads. The positive control was either smaller
cutting particles of few millimetres (fresh parts of
the tumour) which were put into a metal net for 15
minutes in a sealed container with cotton wool pads,
or succulent imprints from sections of the same lung
tumour adapted on a sterile cotton wool pad. Both
types of tumour materials were found to be equally
effective when pilot tested in our laboratory (sensi-
tivity 99%). The test material was the same for all
dogs participating in a test period for a defined
patient group and period. We had access to two lung
tumours, a small cell lung cancer and a non-small
cell lung cancer. Only one of them was used for
training and testing, including all the dogs, for a
specific group of patients and period. Tumour tissue
was frozen at —28°C. Whenever the tumour tissue
was needed, it was brought to room temperature
within one hour in order to obtain “fresh” material
for positive test training. The positive control mate-
rial was used only once.

Urine from patients with known lung cancer was
also collected and tested as a positive control. Urine
had the same 99% sensitivity as exhaled breath and
was used in the training period before the first and
second olfactory urine test of the subject population.

Negative control

Exhaled breath and urine samples from 20 presum-
ably healthy young persons were used as control test
material for training the dogs. The samples were
prepared using the same equipment and procedure
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as positive test samples taken from lung cancer
patients.

Training of dogs

Training was conducted at the Trondheim School of
Dog Behaviour using an established procedure for
scent training of dogs, and the training did not vary
among the dogs. Firstly, the dogs learned the odour
signature (identified tumour odour at low concen-
trations). Secondly, the dogs learned to discriminate
odour qualities (i.e. between tumour odour and
healthy odour). The dogs, however, were not trained
to distinguish extraneous odours. In order to main-
tain olfactory test sensitivity at 99% for both exhaled
breath and urine samples, dogs underwent at least
two training sessions per week for the duration of
the study.

Positive (lung tumour tissue) and negative con-
trol samples were placed randomly in roundels con-
taining six holders. The number of control samples
in the roundels varied from 0—6 samples. If the dogs
were used in between the two training sessions for
tasks other than those involving our study, they were
trained for at least four weeks before the next test
session. This was necessary in order to maintain
olfactory test sensitivity at 99%.

Interim analysis of the first 46 patients indicated
that accuracy rates were low. Consequently, we
decided to intensify training by increasing the num-
ber of weekly training sessions to four per week for
each dog.

The olfactory test

Exhaled breath or urine samples from the subjects
were randomly placed in a roundel. The exhaled
breath and urine samples were tested separately.
Thus, the roundel consisted of samples from patients
with either cancer or other lung diseases. The num-
ber of cancer samples in the rondels varied from 0-6
samples. The dogs were kept in separate rooms until
the test was performed. For the test, each dog was
allowed to pass by the test containers. The dog’s
behaviour was observed by an experienced dog
trainer, who was positioned 3—4 m away or behind a
screen. Both the trainer and dogs did not know what
was in the containers. Hence, the test was double
blind. Further, the study was randomised, as pro-
spective inclusion of patients with lung cancer or
benign condition led to a random number and place-
ment of cancer and benign samples in the roundel.
A positive test was manifested in a variety of
ways, some dogs stopped and remained standing
over the sample (eyeing it, scratching it with one
paw, or freezing), while others either sat or lay down
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in front of it (Figure 1). A negative test response was
manifested differently: The dogs just passed by the
samples without making any particular sign. Each
dog had a unique marking behaviour. The unique
behaviour pattern or response, either it was on the
positive or the negative test, was more the result of
a natural response pattern expressed by each of the
dogs than a consequence of a specific learning pro-
cedure for each dog. The response pattern was well-
known by the experienced dog trainer. Search mode:
the dog moved in steady pace forward with fixed
sniffing pattern. Indications (either negative or pos-
itive): negative, the dog passed the test sample with-
out change of pace, and positive, the dog stopped
forward movement and displaying specific fixed
indication behaviour.

The test was video-taped and controlled to assure
that the correct reaction was registered. The handlers
were convinced that the interpretations on-site dur-
ing test conditions and the interpretations of the vid-
eos were correct, and both were unanimous. If two
or more dogs displayed a positive test response, the
sample was regarded positive for lung cancer, and if
two or more dogs displayed a negative test response,
the sample was regarded negative for lung cancer.

Dog characteristics

The dogs were named Kaos, Jippi, Tassen, and Froya
(Figure 1), and their characteristics are listed in
Table I. Initially, the study used three dogs. However,
one of the dogs, Tassen, became sick 2.5 years into
the study. Thus, a new dog, Froya, was trained to
replace the sick dog. This delayed the study for
approximately six months.

Endpoints

The primary outcome measures were the sensitivity
and specificity of a dog’s ability to detect lung cancer
from exhaled breath or urine samples taken from
patients with suspected lung cancer compared to the
confirmed histopathological diagnosis. We also com-
pared the results of the olfactory breath test and the
olfactory urine test.

The present study aimed to evaluate the olfactory
test as a proof-of-principle study in a clinically
meaningful setting and to compare it to standard
diagnostic methods.

Statistics

The statistical software SPSS WP 17 (SPSS Inc.,
2008) [15] was used for descriptive statistics and for
calculating frequencies, and sensitivity and specificity
rates. Sensitivity (true-positive rate) was calculated
as the proportion of cancer samples correctly identi-
fied by the dog, and specificity (true-negative rate)
was calculated as the proportion of control samples
found by the dog to be negative for cancer. Sensitiv-
ity and specificity were used to describe the accuracy
of the tests. The use of binominal probability distri-
bution led to the ordinary definition of sensitivity as
a/(a+ ¢) and specificity as d/(b +d).

Ethical considerations

The Regional Ethics Committee for Research in
Medicine approved the study, which included writ-
ten and spoken informed consent from the subjects.
The dogs were handled with good care in agreement

(B)

(C)

(D)

Figure 1. Olfactory test showing the different dogs’ marking behaviour. Shown is a plank or roundel containing a random order of positive
(tumour) and negative samples (no tumour). A, Jippi; B, Froya; C, Kaos; and D, Tassen.



Table I. Characteristics of the four dogs.
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Kaos Jippi Tassen Froya
Breed Belgian shepherd Border collie Hard hair Rottweiler
dachshund
Gender Male Male Male Female
Age (yrs) 8 4 8 3

Previous experience Scent tracking,
missing people,

BAD, EP

Scent tracking, EP

Scent tracking Scent tracking

BAD, behaviour alteration dog; EP, environmental pollutants.

with the Helsinki convention for the use and care of
research animals, in a certified training centre with
well-trained personnel.

Results
Demographic data of the study population

Characteristics of the malignancy, smoking habits,
concomitant disease, and lung function (Tables II
and III) confirm that the study population was
representative for our population. During the study
93 unselected patients with pulmonary infiltrates and
suspected lung cancer were enrolled. The study pop-
ulation was a heterogeneous population in terms of
lung disorders.

The median subject age was 70 years (range
44-89 years) for the cancer group and 67 years
(range 44-84 years) for the non-cancer group. The
overall prevalence of cancer diagnosis (lung cancer
and lung metastasis from other solid tumours) was
67.7% (63 of 93 patients). Of these, 59 (63.4%) had
lung cancer and four (4.3%) experienced lung metas-
tasis from other solid tumours (glioblastoma, n=1;
uterine cancer, n= 1; and urinary bladder cancer,
n=2). The spirometry results showed FVC 3.5
(=1.1) L (SD)/87.8 (17.9) % predicted and FEV1
2.2 (£0.7) L (SD)/72.7 (17.5) % predicted (SD) for
the patients with malignancy in lung, and FVC 3.7
(=1.2) L (SD)/83.1 (14.3) % predicted (SD) and
FEV1 2.3 (x1.1) L (SD)/67.7 (23.1) % predicted
(SD) in the group with no malignancy in lung.

Other extrapulmonary solid cancers were found
in eight subjects (13.8%) in the lung cancer group
and in one subject (3.3%) in the non-cancer group
(Table II). Other concomitant diseases were almost
equally distributed in both groups. All included
subjects were able to sufficiently perform the exhaled
breath test. In order to follow the test procedure for
different groups of patients during the study period,
the Table IV shows a structured presentation of the
specific patient population that was tested with
the specific test material along the time course of
the study.

Exhaled breath test

Interim analysis of the first 46 patients was per-
formed in order to evaluate the olfactory breath test
and in order to refine the study protocol if neces-
sary. The prevalence of lung cancer in this group
was 71%. Prior to testing, the dogs had undergone
an ordinary (maintenance) training session. The
results of the exhaled breath test for each dog (Kaos,
Jippi, Tassen), as well as the overall results, is pre-
sented in Table V. Sensitivity and specificity for
NSCLC were 70% and 8.3%, respectively; and sen-
sitivity and specificity for SCLC were 55.6% and
8.3%, respectively.

After the interim analysis, we decided to continue
the study with another 29 patients, which resulted in
nearly the same results as with the first 46 patients
(data not shown). As these results were below our

Table II. Characteristics of the malignancy in the study
population.

Malignancy No malignancy
in lung in lung
Parameter n % n %
Patients (total n=93) 63 67.7 30 32.3
Patients with LC 59 63.4
NSCLC 40 67.8
SCLC 13 22.0
Carcinoid 2 3.4
Unconfirmed (LC) 3 5.1
Mesothelioma 1 1.7
Lung metastasis (not LC) 4 4.3
Co-cancer 8 (of 59) 13.5 1 (of 30) 3.3
Breast cancer 1 1.7
Colon cancer 1 1.7
Prostate cancer 3 5.1
Urine bladder cancer 1 1.6 1 3.3
Pancreatic cancer 1 1.6
Lip cancer 1 1.6
Clinical stage of LC 59 100.0
Stage 1 14 23.7
Stage 11 5 8.5
Stage III 17 28.8
Stage IV 23 39.0

LG, lung cancer; NSCLC, non-small cell lung cancer; SCLC,
small cell lung cancer.
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Table III. Smoking history and concomitant disease in the study
population.

Malignancy in No malignancy in

lung lung
Parameter n % n %
Smoking history 63 100.0 30 100.0
Never 4 6.3 7 22.6
Former 29 46.0 8 25.8
Current 27 42.9 15 48.4
Not known 3 4.8 1 3.2
Concomitant disease 33 (of 63) 52.4 16 (of 30) 53.3
COPD 17 27.0 7 23.3
CAD 11 17.5 6 20.0
Inflammatory disease 2 3.2 2 6.7
Asthma 0 - 1 3.3
Other 3 4.8 1 3.3
None 30 47.6 19 46.7

CAD, coronary artery disease; COPD, chronic obstructive pul-
monary disease.

expectations, we decided to train the dogs more
intensively and to aim for an “intensive training”
effect in the next round of analyses. At this point,
Tassen became ill and had to be replaced with Froya.
After the intensive training, the last 40 patients were
tested (Table V). Lung cancer prevalence in this
group was 73%. Sensitivity and specificity for
NSCLC were 60% and 33.3%, respectively; and sen-
sitivity and specificity for SCLC were 100% and
33.3%, respectively. After intensive training, improve-
ment was observed only for the SCLC group.

Urine test

Urine testing (Table V) was performed after all the
exhaled breath samples were tested and in the same
manner as with the exhaled breath test. The first
urine test was done after ordinary training. The
urine of only 77 of the 93 patients was tested, as 16
patients were unable to deliver the required sample
volume of urine for two consecutive tests. The lung
cancer prevalence in this group was 71%. The test
panel consisted of three dogs, Kaos, Froya, and

Jippi. Analysing the olfactory test results for NSCLC
specifically overall sensitivity and specificity were
65.7% and 25%, respectively; and the overall sensi-
tivity and specificity for SCLC were 90% and 25%,
respectively.

After the dogs underwent intensive training, a
second urine test was performed using samples from
the same 77 patients (Table V). Sensitivity and spec-
ificity for NSCLC were 60% and 29.2%, respectively;
and sensitivity and specificity for SCLC were 80%
and 29.2%, respectively.

Discussion

To the best of our knowledge, the present study is
the first to use the olfactory test to detect lung cancer
in unselected patients suspected to have lung cancer.
Previous reports have shown that the olfactory test
does well in discriminating cancer patients from pre-
sumptive healthy people. However, recent studies
have shown that it is less valuable in patients with
comorbidities like COPD [13].

In our laboratory, olfactory pilot tests had an
accuracy level of 99% for both exhaled breath and
urine when used to discriminate cancer patients
from presumptive healthy individuals, hence con-
firming that our test worked. The olfactory test dem-
onstrated that the dogs were able to determine
whether a person was sick or healthy (training con-
ditions). The dogs, however, could not sufficiently
discriminate between malignant and benign condi-
tions with the current training protocol. The exhaled
breath test had a sensitivity rate that varied from
56% to 76% across the different dogs and a specific-
ity rate that varied from 8.3% to 33.3%. These
results indicate that this test, as currently developed,
is inappropriate for in-clinic use, especially because
of its inability to rule out lung cancer (i.e. false neg-
atives). This rather low sensitivity is consistent with
the results of the Ehmann study (which reported a
sensitivity of 70%) that included cancer patients,
COPD patients, and healthy individuals. Taken

Table IV. Table showing structured presentation of the specific patient population that was tested with
the specific test material along the time course of the study.

Patients (n=93)

Ordinary training (year 2007)

Intensified training (year 2008)

Patients tested 1st test period

Interim analysis

2nd test period

1-46 (n=406) First EBT
47-76 (n=29) X
54-93 (n=40) Second EBT
3rd test period (year 2009)
n="77 Ordinary training Intensified training
First UT Second UT

EBT, exhaled breath test; UT, urine test.



Table V. Table summarizing all olfactory test results: First exhaled
breath test (First EBT) and detection of lung cancer after basic
training: results for each dog and overall results for the first 46
patients. Second exhaled breath test (Second EBT) and detection
of lung cancer after intensified training: the last 40 patients. First
and second urine test (First UT and Second UT) and detection
of lung cancer after basic training and intensified training,
respectively: results of samples for 77 patients.

Kaos Jippi Tassen Froya Ovwerall

First EBT

Sensitivity (%) 67.6 61.8 67.6 64.7
Specificity (%) 16.7 8.3 16.7 8.3
Second EBT

Sensitivity (%) 76.0 64.0 56.0 56.0
Specificity (%) 33.3 33.3 53.3 33.3
First UT

Sensitivity (%) 66.0 69.8 64.2 73.6
Specificity (%) 41.7 29.2 20.8 25.0
Second UT

Sensitivity (%) 49.1 64.2 71.7 64.2
Specificity (%) 33.3 37.5 20.8 29.2

together, these comparable sensitivity results may
indicate that the olfactory test is more likely to dis-
criminate sick patients from presumptive healthy
people, but not patients with benign disease from
patients with malignant disease.

The performance gap in the olfactory test’s abil-
ity to distinguish between cancer and healthy states
and between malignant and benign conditions pres-
ents challenges for using this test in clinical contexts.
There are several possible explanations for this per-
formance difference. The specificity of the “odour
signature” associated with different conditions, other
than those associated with healthy people, may be
low. Also, samples may contain innumerable “spe-
cific scent qualities” that are associated with the
tumour and the host (e.g. scents associated with
food, medication and tobacco smoking). Thus,
numerous unknown variables could differentially
contribute to performance in the two situations. The
odour signature from different cancers may most
probably appear differently, but one could also think
of the possibility of different scent qualities based on
the different histological subgroups in lung cancer
or within the group of NSCLC. We may be sceptic
to what would happen if the dogs were trained with
SCLC (positive control) and the actual patient had
NSCLC, or similarly what if an adenocarcinoma
positive test was used in a person with squamous
cell carcinoma. Still we do not know whether histo-
pathological subgroups have a selection of common
scent qualities or whether there are specific scent
markers for lung cancer in general. There may also
be strong and disturbing “non-malignant odours”
that may suppress the sense of “malignant odours”.
At the present time there are sparse knowledge
and experience to provide qualified answers these
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questions. The dogs’ ability to scent cancer may even
be too good, so that the dogs may register too many
odours or qualities of cancer, hence they may be
difficult to be distinguished. This will be further
complicated when best reproducibility is required
and warrants highly qualified maintenance training.
Another challenge for the olfactory test is how to
maintain the “in-house” level of accuracy. The
dog is a living creature that gets hurt and may be
influenced by intercurrent infections or allergies,
which may reduce the quality of the olfactorial test
conditions.

Although the exhaled breath test conducted after
intensified dog training and the first urine test showed
slightly higher specificities, it was still not clinically
useful. A training effect must be carried out under
comparable experimental conditions before and after
training, which may not have been the case in this
study. We had access to both NSCLC and SCLC,
which we used as positive control samples during the
dogs’ training. Either NSCLC or SCLC samples
were presented to the dogs randomly (either one or
the other) as “lung cancer positive control”. That
may explain the small differences in test results before
and after training when comparing NSCLC and
SCLC.

The more specific the positive test is for lung can-
cer, the better the test will work. Ideally, the only
difference should be the only single molecule that
alone may characterise the specific condition and be
detected by the dog. At the moment, a selective pos-
itive test for lung cancer does not exist. As more
refined technical instruments continue to be devel-
oped for laboratory use, these advanced instruments
may soon be able to detect and sort out volatile
organic compounds (VOCs) unique to specific can-
cers. But the issue of economic feasibility remains
with future diagnostics.

If certain VOCs specific for a condition of interest
(chemical signatures) are also water soluble, theo-
retically, they could be detected and identified in
exhaled breath condensate (EBC) or urine by using
mass spectrometry and colorimetric methods [16,17].
A variety of techniques have been used to analyse
different compounds in EBC. For instance, chemi-
luminiscence has been used to detect NO, cytokines,
DNA, and oxidative stress markers, and gas chroma-
tography or mass spectrometry has been used to
analyse VOC. The latter, which has been referred to
“an electronic nose for molecule detection” is at
present a hot topic. Regardless, it is still difficult to
find the needle in the haystack when dealing with
lung cancer diagnosis [18,19].

Other approaches are now being explored. Nan-
otechnology methods employing arrays of sensors
based on gold nanoparticles have the capacity
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to rapidly differentiate the exhaled breath of lung
cancer patients from that of healthy individuals with
86% accuracy [20,21]. Mice have recently been
shown to have the ability to detect minute differ-
ences in the urinary odour of mice with cancer and
healthy mice at accuracy values ranging from 94%
to 100% [22].

The recent mini-review by Lippi and Cervellin
discusses theoretical and practical difficulties related
to the olfactory test [23]. It is difficult to compare
different olfactory test studies because performance
varies across different test dogs within the same study
and between different studies; because different
modalities are used to train the dogs; and because
different types of cancer are investigated. Another
problem associated with olfactory test research is
that organ- and/or cancer-specific signatures may
exist but may be masked by confounding and
overlapping biochemical signals from inflammatory
diseases, diet, and pharmaceuticals. Furthermore,
they emphasised that the promising historical results
were based on the discrimination of presumptive
healthy people from cancer patients.

Lippi and Cervellin argue for more studies com-
paring patients with suspected lung cancer. The pres-
ent study responds to this call, producing initial
results to evaluate. The olfactory test method has
shown to be promising in a large number of studies
over a long period of time. It is our opinion that this
method should be a topic for thorough research, as
a deeper understanding at the molecular level and at
the practical test level is necessary if the test is to be
used successfully for clinical applications. The first
step may be a more specific characterisation of
tumours in terms of their specific scent qualities,
specific molecules, or scent signatures, which can
be further studied with the olfactory test or the
electronic nose, or both [24].

In conclusion, the olfactory test concept holds
promise for use in the detection of cancer at an early
stage. However, in the present study it failed to meet
the level of specificity needed for in-clinic applica-
tions. Thus, we need to gain a deeper understanding
of the olfactory test and to make specific refinements
before it can be used as a clinical screening tool for
lung cancer. Future research should focus on identi-
fying the specific scent signatures of tumours and
hosts, a necessary step for both the “electronic nose
approach” and the olfactory test using hypersensitive
domestic animals.
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