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Lung cancer (LC) represents the second most frequent cancer in men and
women with more than 390, 000 cases/year in Europe. Among all solid cancers, it
is the most common cause of death with an estimated 342, 000 deaths/year. The
prognosis™ of LC largely depends on disease discovery at an early stage, when the
tumour™® is still localized. = Unfortunately, early LC is not associated with
symptoms®, and detection therefore is often by chance. Clinical practice has
shown that the available diagnostic* techniques (such as the various imaging
technologies or bronchoscopy™ including interventional biopsy™ procedures) have
limitations in reliably discriminating™ between cancer patients and healthy subjects.
Very recently, the US American National Lung Screening® Trial (NLST), a
randomized™® national trial involving more than 53,000 current and former heavy
smokers aged 55-74 years, compared the effects of two screening procedures for
LC —low-dose helical* computed tomography* (CT) and standard chest X-ray™* —
on LC mortality* and found 20% lower risk of dying from LC in patients

undergoing CT screening. However, currently no screening method is accepted to
0y

test for LC.
For almost three decades, research is conducted to develop sensor arrays™ and
pattern recognition technologies, commonly referred to as ‘electronic noses’ that

B
can detect and recognize odours® and flavours. It is hypothesized that these

devices® may be applicable in identifying volatile organic compounds™ (VOCs) that
are linked to cancers in their early stages and thereby making them potential non-
invasive®™ and inexpensive diagnostic tools for the medical community. Since their
first delineation® by Pauling et al.* in 1971, 3,481 different VOCs have been
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described in the human breath— most of them in picomolar concentrations (107!
mol/l or particles per trillion*). However, the metabolic* origin of tumour-
associated VOCs remains speculative. Despite important developments in
‘electronic sensing’ or ‘e-sensing’ technologies, their applicability in a clinical setting
is limited dﬁe to the fact that patients are required to not smoke and to fast before
breath samples can be taken. Other limiting factors are that an optimized™ sample
collection is necessary, that the instruments are very sensitive, the long durations
for sample analysis, as well as high risks of signal interference. Finally, it has
been shown that measuring VOCs with an electronic nose has not yet been
standardized and the set-up significantly affects the results. Therefore, it is
currently not possible to draw generally accepted conclusions.

Offside popular research paths, the medical community’s attention is every

(C—1)
now and then drawn to the phenomenon that dogs may detect cancer in patients

(Table 1). Recently, our group substantiated in a prospective clinical double-
(C—2)
blinded trial* the ability of specially trained sniffer* dogs to identify LC in the

breath sample of patients with a sensitivity* of 71% and a specificity* of 93%. In

contrast to e-sensing technologies, the analysis was rapid (<5 seconds/patient)
and interferencefree (no influence of smoking, diet, medication, secondary
disease). Therefore, dogs seem to be more reliable to identify LC from the breath
of patients than the current e-sensing devices. However, it is not clear on what
basis (single component, VOC pattern?) the dogs come to a decision. Therefore,

we propose a bimodal* bionic research approach by combining the state-of-the-art™®

electronic nose technologies and dog training to identify a VOC target for LC
screening.
Gl )

LC continues to represent a heavy burden for health care systems worldwide.
Epidemiologic studies™ predict that its role will increase in the near future. While
patient prognosis is strongly associated with tumour stage and early detection of
disease, no screening test exists so far. Acknowledging the existing limitations of
current analytical tools, not walking along the beaten track®, may be worthwhile to

identify an applicable screening test for LC.
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‘Bionics’ is the transfer of biological methods and systems found in nature to
théE)study and design of engineering systems and modern technology. Examples for
the successful transfer of technology are (i) the development of dirt*- and water-
repellent® paint (coating) from the observation that the surface of the lotus flower
plant* is practically unsticky for anything (the lotus effect); (ii) the hulls* of boats
imitating the thick skin of dolphins; (i) sonar, radar and medical ultrasound
imaging® imitating the echolocation® of bats. The outstanding sensitivity of the
canine olfactory system™ has been acknowledged by using sniffer dogs in military
and civilian service for the detection of a variety of odours. So, why not using them
for the detection of LC?

A PubMed search™ (limited to ‘human species’ and publications in German or
English) for the terms “sniffer dogs and cancer’ (5 results), ‘canine scent*
detection’ (13 results) and ‘canine olfaction’ (70 results) followed by an analysis of
the identified studies ultimately provides three case reports and eight studies
reportihg on the‘phenomenon of specially trained sniffer dogs identifying solid
tumours in patients (Table 1). Collectively, 449 patients with skin tumours (n=9),
or bladder* (n=36), breast* (n=94), lung (n=115), prostate® (n=116), ovarian*
(n=71), and other solid cancers (n=8) have been tested. Unfortunately, most

D)
findings have to be questioned due to numerous limitations in the study design and

data analysis. However, a recent study specifically addressed the existing
shortcomings and documented a moderate sensitivity (71%) and high specificity
(93%) for specially trained sniffer dogs to identify LC from a breath sample of
patients. This analysis confirms the existence of a stable marker (or scent
pattern) that is strongly associated with LC and independent from COPD*, but can
be reliably discriminated from tobacco smoke, food odours and potential drug
metabolites. Future studies of similar design are necessary to assess whether this
dog indication is specific for LC or whether it is linked to the presence of any form
of cancer (in the lung). To be applicable as a clinical screening test in patients
with pathological® chest CT findings, it has to be tested whether sniffer dogs can
discriminate benign lung lesions™ from LC.
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