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Simple Summary: Sniffer dogs can diagnose lung cancer. However, the diagnostic yields of different
samples and training methods for lung cancer remain undetermined. Six dogs were trained in three
stages with the aim of improving the diagnostic yield. The findings showed the dogs had a very
low response rate to urine target samples in the first and second stages training. Using exhaled air
samples for training them to recognize exhaled samples, the diagnosis rate in lung cancer patients
was 71.3% to 97.6% (mean 83.9%), whereas the false positive rate of lung cancer in the healthy group
was 0.5% to 27.6% (mean 7.6%). The sensitivity and specificity of using exhaled breath target training
(91.7% and 85.1%) were higher than using lung cancer tissue training (50.4% and 50.1%). Additionally,
sniffer dogs diagnose lung cancer, independent of staging, pathologic type, and tumor location. Using
sniffer dogs to screen human lung cancer may have clinical potential.

Abstract: Introduction: Sniffer dogs can diagnose lung cancer. However, the diagnostic yields
of different samples and training methods for lung cancer remain undetermined. Objective: Six
dogs were trained in three stages with the aim of improving the diagnostic yield of lung cancer by
comparing training methods and specimens. Methods: The pathological tissues of 53 lung cancer
patients and 6 non-lung cancer patients in the Department of Thoracic Surgery of Kaohsiung Chang
Gung Hospital were collected, and the exhaled breath samples and urine samples were collected.
Urine and exhaled breath samples were also collected from 20 healthy individuals. The specimens
were sent to the Veterinary Department of Pingtung University of Science and Technology. Results:
The dogs had a very low response rate to urine target samples in the first and second stages of
training. The experimental results at the second stage of training found that after lung cancer tissue
training, dogs were less likely to recognize lung cancer and healthy controls than through breath
target training: the response rate to exhaled breathing target samples was about 8-55%; for urine
target samples, it was only about 5-30%. When using exhaled air samples for training, the diagnosis
rate of these dogs in lung cancer patients was 71.3% to 97.6% (mean 83.9%), while the false positive
rate of lung cancer in the healthy group was 0.5% to 27.6% (mean 7.6%). Compared with using
breathing target samples for training, the diagnosis rate of dogs trained with lung cancer tissue lung
cancer was significantly lower (p < 0.05). The sensitivity and specificity of lung cancer tissue training
(50.4% and 50.1%) were lower than the exhaled breath target training (91.7% and 85.1%). There is no
difference in lung cancer diagnostic rate by sniff dogs among lung cancer histological types, location,
and staging. Conclusion: Training dogs using breathing target samples to train dogs then to recognize
exhaled samples had a higher diagnostic rate than training using lung cancer tissue samples or urine
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samples. Dogs had a very low response rate to urine samples in our study. Six canines were trained
on lung cancer tissues and breathing target samples of lung cancer patients, then the diagnostic rate
of the recognition of exhaled breath of lung cancer and non-lung cancer patients were compared.
When using exhaled air samples for training, the diagnosis rate of these dogs in lung cancer patients
was 71.3% to 97.6% (mean 83.9%), while the false positive rate of lung cancer in the healthy group
was 0.5% to 27.6% (mean 7.6%). There was a significant difference in the average diagnosis rate of
individual dog and overall dogs between the lung cancer group and the healthy group (p < 0.05).
When using lung cancer tissue samples for training, lung cancer diagnosis rate of these dogs among
lung cancer patients was only 15.5% to 40.9% (mean 27.7%). Compared with using breathing target
samples for training, the diagnosis rate of dogs trained with lung cancer tissue lung cancer was
significantly lower (p < 0.05). The sensitivity and specificity of lung cancer tissue training (50.4% and
50.1%) were lower than the exhaled breath target training (91.7% and 85.1%). The diagnostic rate
of lung cancer by sniffer dogs has nothing to do with the current stage of lung cancer, pathologic
type, and the location of tumor mass. Even in stage IA lung cancer, well-trained dogs can have a
diagnostic rate of 100%. Using sniffer dogs to screen early lung cancer may have good clinical and
economic benefits.

Keywords: detection dog; lung cancer; breathing target samples

1. Introduction

Lung cancer is the leading cause of cancer mortality. Early detection and surgical
removal of lung tumors is the best action for long-term survival or cure, but it is only
suitable for 15% to 20% of lung cancer populations [1]. When the disease is discovered at an
advanced stage, treatment results are usually unsatisfactory breathing target samples [2];
often, lung cancer develops asymptomatically and makes early diagnosis difficult. Further-
more, existing screening methods cannot effectively distinguish between individuals who
have lung cancer and those who do not [3]. Breath sampling may provide a potentially
useful method because evidence demonstrates that unique chemical characteristics can be
detected in the lungs of patients with lung cancer and that exhaled respiratory biomarkers
can help with clinical decision making [4,5].

Dogs have an extremely sensitive sense of smell and can distinguish an array of
odors. In fact, the resolution capacity of dogs’ olfaction is higher than the best current
technologies [6]. There are already many applications of dog detection [7], including
the uncovering of abiotic substances for narcotic blasting explosives, land mines, arson
materials, pirated discs, DVDs, and illegal currency, among others. Biological uses include
many ecological conservation projects to assist wildlife research or pest control, such
as the search of wild animal waste and the search for animal bodies, individuals, alien
species, and pests. Search-and-rescue and cadaver-detection dogs are also widely used
in human-related detection. For human diseases, dogs are trained to detect signs of
epileptic seizures and cancer [8-20]. Cancer detection by a dog was first proposed by
Williams in 1989, and it is believed that dogs can detect the odor emitted by malignant
tumors [11]. An early study published in 2006 on the detection of lung and breast cancer
investigated this phenomenon [14]. Samples were taken from 55 lung cancer patients,
31 breast cancer patients, and 83 healthy patients. The gas exhaled by these patients
contained a substance that was not detected by the instrument used. Canine detection
was subsequently performed using a double-blind test. The sensitivity and specificity of
the lung cancer group reached 0.99, while those of the cancer group were 0.88 and 0.98,
respectively. The sensitivity and specificity of the two cancers in each cancer stage were
similar; hence, the detection efficiency of the dogs was very high [14]. In another study
from 2011, two German wolves, one Australian Shepherd, and one Labrador were used.
Two hundred and twenty volunteers provided breath samples for testing, and the dogs
were trained to sniff test tubes in a positive and encouraging manner. The test tube was



Cancers 2023, 15, 1234

30f12

touched to the snout, and each sample was used only once. The detected diseases were
lung cancer and chronic obstructive pulmonary disease, with a sensitivity of 71% and a
specificity of 93% [17].

Following these studies, researchers have expanded on canine detection of suspected
lung cancer in non-selective patients to include their urine and exhaled gases [18]. The
use of canine detection for lung cancer screening has shown significant potential and has
been the subject of clinical studies in the recent years [20,21]. A multidisciplinary approach,
involving surgeons, radiation oncologists, pulmonologists, and oncologists, is required to
optimize the survival and quality of life of patients with lung cancer [22]. At present, the
samples provided for dog olfactory training are mainly lung cancer tissue and exhaled gas
samples. However, the diagnostic yields of different samples and training methods for
lung cancer remain undetermined. This study aims to find better training methods and
samples to improve the diagnosis rate of lung cancer.

2. Material and Methods
2.1. Study Design

We collected specimens from study participants, including lung cancer patients, non-
lung cancer patients, and healthy volunteers, from the Department of Thoracic Surgery,
Chang Gung Hospital, Kaohsiung, Taiwan. The samples included pathological tissue, ex-
haled breath samples, and urine samples, and were frozenly transported to the Department
of Veterinary Medicine, Pingtung University of Science and Technology, Taiwan. Healthy
controls only sent urine and exhaled breath samples to the study center. Six dogs were
trained in three stages with the aim of improving the diagnostic yield of lung cancer by
comparing training methods and specimens. The study was conducted from 3 May 2016 to
31 July 2017.

2.2. Study Participants

The study enrolled a total of 79 subjects, including 53 patients with lung cancer,
6 patients with benign lung diseases, and 20 healthy controls. The diagnosis of lung cancer
patients was confirmed by preoperative clinician judgment, imaging studies, bronchoscopic
biopsy pathology report, and postoperative pathology report. Non-lung cancer benign
patients are clinically unconfirmed before operation but confirmed by pathology report
after operation. The healthy controls were volunteers aged 18 to 35 years old, who had
normal chest radiography, no history of smoking, and no clinical history of malignancy.

2.3. Target and Non-Target Samples

Target samples included lung cancer tumor tissues, breathing target (BT), and urine
target (UT) samples. Non-target samples included breathing non-target and urine non-
target samples. Breathing non-target samples were collected from either healthy controls
(BNT) or patients with a confirmed diagnosis of non-lung cancer (BTN). Urine non-target
samples were also collected from healthy controls (UNT) or patients with a confirmed
diagnosis of non-lung cancer (UTN). Five exhaled breath samples and five urine samples
were collected from each enrolled subject, respectively.

2.4. Preparation of Lung Cancer and Non-Lung Cancer Tissue Samples

In this study, we used the freeze-drying method on the lung cancer and non-lung
cancer tissue samples to prevent deterioration from high temperature exposure. The raw
tissues were directly freeze-dried to eliminate the moisture of the lung samples. Alcohol- or
formalin-fixed specimens were not used to avoid affecting the smell of the detection dog.

2.5. Preparation of Exhaled Breath and Urine Samples

Both exhaled breath and urine used for the olfactory test were collected from partic-
ipants at least eight hours after oral intake or tobacco smoking. A filter paper roll was
placed in an air collection tube, of diameter 12 mm and length 7 cm, to collect the exhaled
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gas of the patient. The lid was screwed tightly, stored in a refrigerated environment at
4 °C, and transported to the dog detection center. These filters were placed into the tubes
at room temperature one hour before the olfactory test. Additionally, 10 cc of urine was
collected, placed in a freezing tube, and stored at —20 °C for refrigerated transportation
to the detection dog center. Urine was thawed one hour before the olfactory test and
immediately placed in a separate, specially sealed glass container to prevent different
odorous compounds from mixing.

2.6. Dog Training

Dog training was conducted at the Department of Veterinary Medicine, Pingtung
University of Science and Technology, Taiwan. An established procedure was used to train
the dogs; there were no training differences between them. Dogs were trained by a team
including a veterinarian and 3 helpers. The selected six dogs are all well-trained, and they
have all been involved in the detection of brown root disease of road trees or anti-drug
work. The first stage of training for lung cancer identification took about 4 to 6 months.
Lung cancer detection in six dogs begins after about four months of training. Considering
the quality of specimen storage, our specimens are sent to Ping University of Science and
Technology one after another with the collection of cases, not at one time. Most of the
specimens delivered earlier are used to train dogs, and the specimens that arrive later are
used in the detection of lung cancer.

2.7. Training Method

Unmarked target (lung tumor tissue) and non-target (control) samples were randomly
placed in unlabeled jars. The test was video recorded, and a technical check to ensure
accurate recording was first carried out. After the target was in position, the dog leader
brought out the dog for detection. If there was a reaction to the target, a positive response
was recorded; otherwise, a negative response was recorded. Response to non-targets was
recorded as a false positive. Dogs were trained to sit down as a reaction and were given a
food reward if the reaction was positive (Figure 1). To maintain the high sensitivity of the
olfactory test, the dog was trained at least twice a week for the duration of the study.

—agipr-

Figure 1. Dogs training. The target was randomly placed in a jar, and the dog leader brought the
dog forward for detection. If there was a reaction to the target, a positive response was recorded;
otherwise, a negative response was recorded. Response to non-targets was recorded as a false positive.
Dogs were trained to sit down as a reaction and given a food reward if the reaction was positive.
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2.8. First Stage of Training

At this stage, all six dogs learned the smell of lung cancer. Training using three
different target samples (tumor tissue, exhalation breath, and urine) was completed for the
cognitive association of lung cancer odor and was ready for follow-up tests.

2.9. Second Stage of Training

The purpose of the experiment at this stage was to observe the canine response rate
to the target and non-target breath /urine samples after receiving detection training using
lung cancer tissue. We led the dogs to identify the BT and UT, and later, to recognize TNT,
BNT, and UNT samples; we recorded these results accordingly.

2.10. Third Stage of Training

The purpose of the experiment at this stage was to observe the canine response rate
to the target and non-target breath /urine samples after receiving training using breathing
target samples.

2.11. Ethical Issue

The study was approved by the Chang-Gung Memorial Hospital review board (IRB
#105-1513C) on 3 May 2016. Written informed consent was obtained from each patient.
The 6 dogs used were of the Miglu breed. The dogs were service dogs in-training. They
were all trained detection dogs that were already performing tasks. They were originally
used for insect detection. We obtained verbal consent from the trainer team prior to this
study. During this experiment period, only the target items were added. There is no drug
administration or invasive harm to the body in this study. These dogs are cared for by the
Department of Veterinary Medicine of Pingtung Institute of Technology. They are cared
for by the dedicated persons and provided with excellent housing and eating conditions.
General medical care is taken care of by veterinarians. In addition, for this research, we
have provided some funds to the trainer team for dog housing conditions, enrichment
activities, and general medical care. The patients’ samples were sent from the hospital to
the school, and the school completed the study. The dogs remained in school to perform
their original task after this study.

2.12. Statistical Analysis

We use Statistical software SPSS WP 17 (SPSS Inc. (Chicago, IL, USA), 2008) for de-
scriptive statistics and frequency calculations. Sensitivity and specificity were used to
describe the accuracy of the tests. The sensitivity (true positive rate) was calculated as
the proportion of cancer samples correctly recognized by the dog, and the specificity (true
negative rate) was calculated as the ratio of the number of cancer samples detected to the
total number of individuals in the cancer negative control group. Using the binomial prob-
ability distribution and a conventional two-by-two (2 x 2) table, sensitivity was generally
defined by the equation a/(a + c) and specificity was defined by d/(b + d). The individual
and total average lung cancer diagnostic rate of 6 dogs trained using exhaled breathing
target samples between lung cancer group and healthy subjects group and comparison of
the diagnostic rate between training dogs using breathing target samples then the recog-
nition of exhaled gases samples and training dogs using lung cancer samples then the
recognition of exhaled gases samples in lung cancer group use t-test. A p value < 0.05 was
considered significant.
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3. Results
3.1. The Characteristics of Participants

Table 1 shows the characteristics of participants enrolled in the study. The 79 total
subjects included 53 lung cancer patients (67.1%), 6 non-lung cancer patients (7.6%), and
20 healthy controls (25.3%). Of the lung cancer patients, 46 had adenocarcinoma. Pathology
of non-lung cancer subjects (N = 6) included anthracosis (N = 1), fibrosis (N = 1), necrotizing
granulomatous inflammation (N = 2), pulmonary chondroid hamartoma (N = 1), and
chronic inflammation (N = 1), which also ruled out malignancy clinically.

Table 1. Characteristics of enrolled participated subjects in the study.

Lung Cancer Non-Lung Cancer Healthy Controls
N (53) N (6) N (20)
Total subjects (N =79) 53 (67.1%) 6 (7.6%) 20 (25.3%)
Age (years £ SD) 633 £9.5 56.6 £ 6.3 292 £25
Gender
Male 31 (55.4%) 1 (16.7%) 8 (40%)
Female 24 (44.6%) 5 (83.3%) 12 (60%)
Lung cancer (N = 53)
Adenocarcinoma 46 (58.2%)
Squamous cell carcinoma 5 (6.3%)
Small cell lung cancer 1 (1.3%)
Spindle cell carcinoma 1(1.3%)
Staging of lung cancer
Stage I 28 (35.4%)
Stage II 10 (12.7%)
Stage III 10 (12.7%)
Stage IV 5 (6.3%)
Location of tumor
RUL 16 (30.2%) 2 (33.2%)
RML 1(1.9%) 1 (16.7%)
RLL 8 (15.1%) 1 (16.7%)
LUL 21 (39.6%) 1 (16.7%)
LLL 7 (13.2%) 1 (16.7%)

Pathology of non-lung cancer subjects (N = 6) including anthracosis (N = 1), fibrosis (N = 1) necrotizing granu-
lomatous inflammation (N = 2), pulmonary chondroid hamartoma (N = 1), and chronic inflammation (N = 1),
which also ruled out malignancy clinically. RUL: right upper lobe; RML: right middle lobe; RLL: right lower lobe,
LUL: left upper lobe; LLL: left lower lobe.

3.2. Results of the Second Stage Training

Table 2 shows the individual and total average lung cancer diagnostic rates of the
dogs trained using lung cancer tissue samples; the rates of discriminating lung cancer and
non-lung cancer using exhaled gas and urine samples were also reported. The rate of lung
cancer diagnosis through the recognition of exhaled gases ranged from 15.5% to 40.9%
(average range), with an average of 27.7% in lung cancer patients. Using exhaled gases,
lung cancer recognition after tissue training had a sensitivity of 50.4% and a specificity
of 50.1%. Figure 2 shows individual canine response rates to exhaled breath (Figure 2A)
and urine samples (Figure 2B) collected from patients with a confirmed diagnosis of lung
cancer, from patients with a confirmed diagnosis of non-lung cancer, and from healthy
controls after using lung cancer tissue training. The experimental results at the second stage
of training found that after lung cancer tissue training, dogs recognize lung cancer and
healthy controls more than through breath training: the response rate to exhaled breathing
target samples was about 8-55%; for urine target samples, it was only about 5-30%.
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Table 2. The individual and total average lung cancer diagnostic rate of six dogs using lung cancer
samples training and then the recognition of exhaled gases and urine samples in lung cancer and

non-lung cancer patients groups was compared in the second stage training.

Dog A Dog B Dog C Dog D Dog E Dog F Average
BT (N = 14) (%) 28.9 40.9 32.0 33.4 15.9 15.5 27.7
BTN (N = 12) (%) 35.4 38.6 35.9 29.9 6.6 16.8 27.2
BNT (N =71) (%) 0.9 0.8 2.1 1.9 0.9 3.5 1.7
UT (N =13) (%) 15.9 23.7 30.9 17.8 11.7 17.4 19.5
UTN (N =9) (%) 7.8 8.2 14.3 16.3 2.0 16.1 10.8
1 1.2 2.16 4.06 1.06 4.6 2.3

UNT (N = 68) (%)

Breathing Target (BT): exhaled breathing samples collected from the patients with confirmed diagnosis of lung
cancer. BTN: exhaled breathing samples collected from the patients with confirmed diagnosis of non-lung cancer.
Breathing Non-target (BNT): exhaled breathing samples collected from healthy controls. Urine Target (UT): urine
samples collected from the patients with confirmed diagnosis of lung cancer. UTN: urine samples collected from
the patients with confirmed diagnosis of non-lung cancer. Urine Non-target (UNT): urine samples collected from

healthy controls.
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Figure 2. (A) Individual canine response rates after using lung cancer tissue samples training.
Individual canine response rates to exhaled breath collected from patients with a confirmed diagnosis
of lung cancer, from patients with confirmed diagnosis of non-lung cancer, and from healthy controls
after using lung cancer tissue samples training. (B) Individual canine response rates after using
lung cancer tissue samples training. Individual canine response rates to urine samples collected
from patients with a confirmed diagnosis of lung cancer, from patients with confirmed diagnosis of
non-lung cancer, and from healthy controls after using lung cancer tissue samples training.
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3.3. Results of the Third Stage of Training

Table 3 shows that the individual and total average lung cancer canine diagnostic
rates were significantly different between the lung cancer patients and the healthy subjects
when training dogs with exhaled breathing target samples. The average positive rate
of detecting lung cancer was between 71.3% and 97.6% when using samples from lung
cancer patients, a range much higher than the average false-positive rate of 0.5% to 27.1%
when using samples from healthy controls. The sensitivity and specificity using exhaled
breathing target samples was 91.7% and 85.1%, respectively. Figure 3 depicts the individual
canine response rate (N = 6) to exhaled breathing samples from cancer patients and healthy
controls after training using this sample method. Although there were mild differences
between individuals, the detection rate was not related to tumor location, lung cancer
staging, or pathology type. Table 4 shows that training dogs using exhaled breathing target
samples had a higher diagnostic rate for lung cancer than training dogs using lung cancer
samples in diagnosed patients. The sensitivity and specificity in dogs trained using exhaled
breathing target samples (91.7% and 85.1%, respectively) were higher than those in training
dogs using lung cancer samples (50.4% and 50.1%, respectively). The diagnostic rate of lung
cancer by sniffer dogs has nothing to do with the current stage of lung cancer, pathologic
type, and the location of tumor mass. The average diagnosis rate of each sniffer dog for
47 BT samples (stage IA) is lower than those of other patients, 13.3% in dog E, 40% in dog D,
and 46.7% in dog F, but it can still be achieved in dog A and B at 86.7%. In the BT samples
of other patients, dog A has a lung cancer diagnosis rate of 100% regardless of stage IA,
ITA, IIIB, or different locations (Table 5).

Table 3. The individual and total average lung cancer diagnostic rate of six dogs trained using
exhaled breathing target samples are significantly different between the lung cancer group and

healthy subjects group.
Dog A Dog B Dog C Dog D Dog E DogF Average
BT (N =11) (%) 97.6 % 85.4 % 86.7 * 794 % 83.2% 71.3% 83.9 %
BNT (N = 13) (%) 41 21 8.7 2.6 0.5 27.7 7.6

100.0%
00.0%
80.0%
70.0%
60.0%
50.0%
40.0%
30.0%
20.0%

10,0%

0.0%

&

]

* BT vs. BNT, p < 0.05. Breathing Target (BT): exhaled breathing samples collected from the patients with confirmed
diagnosis of lung cancer. Breathing Non-target (BNT): exhaled breathing samples collected from healthy controls.
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Figure 3. Individual canine response rates after using breathing target training. Individual canine
response rates to exhaled breathing samples collected from patients with a confirmed diagnosis of
lung cancer and from healthy controls after using breathing target training.



Cancers 2023, 15, 1234

9of 12

Table 4. Training dogs using exhaled breathing target samples has a higher diagnostic rate for lung
cancer than training dogs using lung cancer samples in lung cancer group.

A B C D E F Average
BT ! (N =11) (%) 97.6* 85.4* 86.7 * 79.4 % 83.2* 71.3 % 83.9*
BT 2 (N = 14) (%) 28.9 40.9 32.0 334 15.9 15.5 27.7

*BT ! vs. BT 2, p < 0.05. Breathing Target (BT): exhaled breathing samples collected from the patients with
confirmed diagnosis of lung cancer. BT !: Training dogs using breathing target samples then the recognition of
exhaled gases samples in lung cancer group. BT 2: Training dogs using lung cancer samples then the recognition
of exhaled gases samples in lung cancer group.

Table 5. The relationship between the diagnostic rates of lung cancer by sniffer dog using BT and
lung cancer stage or tumor mass.

Sample Lung Cancer Stage Location Dog A Dog B Dog C Dog D Dog E Dog F
33 BT Adenocarcinoma (IIIB) RUL 100% 91.7% 91.7% 100% 100% 91.7%
41 BT Adenocarcinoma (IA) LUL 100% 91.7% 77.1% 83.3% 100% 66.7%
42 BT Squamous cell carcinoma (IA) LUL 100% 80.0% 80.0% 86.7% 80.0% 53.3%
43 BT Adenocarcinoma (IIIA) RUL 100% 75.0% 83.3% 58.3% 83.3 58.3%
44 BT Adenocarcinoma (IA) LUL 100% 100% 83.3% 75.0% 100% 66.7%
45 BT Adenocarcinoma (IA) LLL 100% 87.5% 91.7% 83.3% 92.7% 93.8%
46 BT Adenocarcinoma (IIA) LUL 100% 86.7% 86.7% 80.0% 80.0% 80.0%
47 BT Adenocarcinoma (IA) RLL 86.7% 86.7% 66.7% 40.0% 13.3% 46.7%
48 BT Adenocarcinoma (IA) LLL 86.7% 80% 80.0% 86.7% 86.7% 86.7%
49 BT Adenocarcinoma (IA) RUL 100% 93.3% 86.7% 86.7% 93.3% 66.7%
50 BT Adenocarcinoma (IIIB) LUL 100% 66.7% 93.3% 93.3% 86.7% 73.3%

Breathing Target (BT): exhaled breathing samples collected from the patients with confirmed diagnosis of lung
cancer. RUL: right upper lobe; RML: right middle lobe; RLL: right lower lobe, LUL: left upper lobe; LLL: left
lower lobe.

4. Discussion

The experimental results at the second stage of training found that after lung cancer
tissue training, dogs were less likely to recognize lung cancer and healthy controls than
through breath training: the response rate to exhaled breathing target samples was about
8-55%; for urine target samples, it was only about 5-30%. Furthermore, the dogs had a very
low response rate to urine target samples in the first and second stages training. Therefore,
our study demonstrated training dogs using exhaled breathing target samples had a higher
diagnostic success rate for lung cancer than training dogs using lung cancer samples. The
sensitivity and specificity in dogs trained using exhaled breathing target samples (91.7%
and 85.1% respectively) were higher than those in training dogs using lung cancer samples
(50.4% and 50.1%, respectively). Using this method, there is no difference of lung cancer
diagnostic rate by sniff dogs among lung cancer histological types, locations, and cancer
stages. It is interesting that some smart well-trained dogs can diagnose lung cancer at
different stages and even stage IA, even reaching 100%.

Training dogs using exhaled breathing target samples had a higher diagnostic success
rate for lung cancer than training dogs using lung cancer samples. There are some reasons
for this difference as follows: we used a drying method, and not chemical treatment, to
preserve lung tissue samples in this study, as chemicals may interfere with canine odor
detection. Although lung cancer tissue samples contain dense cancer cells, storing the
samples dry may prevent the necessary evaporation of important volatile components,
eliminating the ability of the dog to detect the odor. In contrast, frozen filter strips contain
the components of the gas that are blown out of the patient’s underlying disease and
can release the volatile component into the container when it melts at room temperature.
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Volatile organic compounds (VOCs) are very important to the differentiation of underlying
disease by detecting dogs. Horvath et al. have demonstrated that exhaled biomarkers
contain both volatile and nonvolatile molecules. The profile of VOCs in patients with
lung cancer was different from those in control subjects in their study [5]. Chen et al.
found that 11 characteristic VOCs were present in higher amounts in lung cancer patients
than in control subjects, which included chronic bronchitis patients as well as healthy
subjects [21]. They also found that tumor cells and cancer-type VOC profiles that appeared
macroscopically normal in lung tissue samples were confirmed after 10 days post-cell
cultivation. They considered that profound changes occur during the initial stages of
carcinogenesis by altering VOC production/elimination in the tumor microenvironment;
therefore, VOC analysis may detect lung cancer at the earliest stages.

Using exhaled breathing target samples to train dogs has some advantages when
compared with using lung cancer tissue or urine samples. Exhaled breath samples are easy
to obtain, while lung cancer or other body tissue samples are more difficult to acquire and
so may have limited sample sizes. The current method of preserving exhaled air is by using
filter paper, but we look forward to a better storage method in the future. Lung cancer
tissue samples were stored using a dry method in this study. If stored with chemicals, the
odor of chemicals might affect the dogs’ olfactory training. In addition, exhaled breath
and gas sampling is completely noninvasive, hence it is more in line with the possibility of
large-scale clinical screening for lung cancer [5].

Furthermore, the use of urine samples for training dogs to detect lung cancer has
previously been reported [18,23]. Exhaled gas from cancerous lungs contains specific
substances, which are theoretically feasible for dogs to recognize through exhaled breath
samples. However, whether lung disease or different stages of lung cancer cause specific
substances in the urine needs to be further explored. In our study, dogs had a lower response
rate to urine target samples when compared with exhaled breathing samples in the second
stage of training, so we did not use urine for subsequent training stages. In addition, the
urine composition may be affected by food, drugs, or underlying diseases, as well as the
external environment and time duration. For large-scale lung cancer screening and clinical
practice, urine samples are less convenient and effective than exhaled gas samples.

There is a lot of room for future development in the diagnosis of lung cancer via
canine detection. Using trained dogs to diagnose lung cancer as a clinical screening tool
is cost-effective and allows for the diagnosis and treatment of lung cancer patients at
an early stage [18-20]. However, while canine detection is used in a large number of
lung cancer screening tools, further confirmation is required through imaging studies,
pathological examination, or cytological study. A study by Hackner et al. revealed final
positive and negative predictive values of 30.9% and 84.0%, respectively, which were lower
than those reported in other studies. These low results were explained by the lack of a
positive response from the dog and operator, which was thought to cause higher levels
of canine stress [24]. Nevertheless, many scholars recognize that the diagnosis of lung
cancer by dogs has a high accuracy rate. Until a sensitive and effective electronic nose is
invented, future canine-related research will continue [25,26]. In addition, we look forward
to utilizing further scientific research methods to identify unique substances exhaled by
lung cancer patients and to invent clinically applicable instruments able to detect them.
In one study, gas chromatography-mass spectrometry (GC-MS) was used to analyze and
compare exhaled gas with the result from canine detection [27]. In their study, the authors
found that there was a positive correlation between dog indications and the ethyl acetate
and 2-pentanone content of breath (r = 0.85 and r = 0.97, respectively). Rudnicka et al.
also describe the names of particular volatile organic compounds that potentially serve as
biomarkers of lung cancer and of course proves that dogs can be used to detect such disease
with overall sensitivity of canine scent detection about 86%, and specificity about 72% [28].
Additionally, canine detection may be applied before and after lung cancer surgery. In this
case, dogs can recognize the disappearance of tumors after surgery and may be utilized for
complete assessment of surgery or follow-up.
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There are several strengths to using dogs to diagnose lung cancer. First, large-scale
community screening is available for early diagnosis and early treatment of lung cancer.
Second, the procedure is simple and convenient. Third, this method may reduce medical
expenses. However, there are also some disadvantages or limitations. First, although
this study attempted to maintain the integrity of the original taste of the samples, during
the implementation process, the canine diagnosis may be affected by the pollution of the
surrounding environment. Second, the public lacks confidence in using dogs to diagnose
lung cancer, and more medical consensus needs to be established [29,30]. Third, different
dogs have different diagnostic sensitivities for lung cancer. Dogs need to be certified.
Forth, dogs may have emotions, and the consistency of daily on-duty diagnosis needs to
be considered [29]. Therefore, after the dog is diagnosed, it is still necessary to follow the
current medical process to diagnose lung cancer.

5. Conclusions

Training dogs using breathing target samples to train dogs then to recognize exhaled
samples had a higher diagnostic rate than training using lung cancer tissue samples or
urine samples. Using this method, sniffer dogs diagnose lung cancer, independent of lung
cancer stage, pathologic type, and tumor location. Dogs had a very low response rate to
urine samples in our study.
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1.  Spiro, S.G.; Navani, N. Screening for lung cancer: Is this the way forward? Respirology 2012, 17, 237-246. [CrossRef]

2. Mountain, C.F. Revisions in the international system for staging lung cancer. Chest 1997, 111, 1710-1717. [CrossRef]

3.  National Lung Screening Trial Research Team. Reduced lung-cancer mortality with low-dose computed tomographic screening.
N. Engl. ]. Med. 2011, 365, 395-409. [CrossRef]

4.  Pauling, L.; Robinson, A.B.; Teranishi, R.; Cary, P. Quantitative analysis of urine vapor and breath by gas-liquid partition
chromatography. Proc. Natl. Acad. Sci. USA 1971, 68, 2374-2376. [CrossRef]


http://doi.org/10.1111/j.1440-1843.2011.02114.x
http://doi.org/10.1378/chest.111.6.1710
http://doi.org/10.1056/NEJMoa1102873
http://doi.org/10.1073/pnas.68.10.2374

Cancers 2023, 15, 1234 12 of 12

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Horvath, I; Lazar, Z.; Gyulai, N.; Kollai, M.; Losonczy, G. Exhaled biomarkers in lung cancer. Eur. Respir. |. 2009, 34, 261-275.
[CrossRef]

Whittle, C.L.; Fakharzadeh, S.; Eades, J.; Preti, G. Human breath odors and their use in diagnosis. Ann. N. Y. Acad. Sci. 2007,
1098, 252-266. [CrossRef]

Browne, C,; Stafford, K.; Fordham, R. The use of scent-detection dogs. Ir. Vet. ]. 2006, 59, 97.

Dalziel, D.J.; Uthman, B.M.; Mcgorray, S.P.; Reep, R.L. Seizure-alert dogs: A review and preliminary study. Seizure 2003,
12,115-120. [CrossRef]

Brown, S.W.,; Strong, V. The use of seizure-alert dogs. Seizure 2001, 10, 39—41. [CrossRef]

Gordon, R.T.; Schatz, C.B.; Myers, L.].; Kosty, M.; Gonczy, C.; Kroener, J.; Tran, M.; Kurtzhals, P; Heath, S.; Koziol, ].A.; et al. The
use of canines in the detection of human cancers. J. Altern. Complement. Med. 2008, 14, 61-67. [CrossRef]

Williams, H.; Pembroke, A. Sniffer dogs in the melanoma clinic? Lancet 1989, 333, 734. [CrossRef]

Church, J.; Williams, H. Another sniffer dog for the clinic? Lancet 2001, 358, 930. [CrossRef]

Willis, C.M.; Church, S.M.; Guest, C.M.; Cook, W.A.; McCarthy, N.; Bransbury, A.].; Church, M.R.T.; Church, J.C.T. Olfactory
detection of human bladder cancer by dogs: Proof of principle study. BMJ 2004, 329, 712. [CrossRef]

McCulloch, M.; Jezierski, T.; Broffman, M.; Hubbard, A.; Turner, K.; Janecki, T. Diagnostic accuracy of canine scent detection in
early-and late-stage lung and breast cancers. Integr. Cancer Ther. 2006, 5, 30-39. [CrossRef]

Cornu, ].-N.; Cancel-Tassin, G.; Ondet, V.; Girardet, C.; Cussenot, O. Olfactory detection of prostate cancer by dogs sniffing urine:
A step forward in early diagnosis. Eur. Urol. 2011, 59, 197-201. [CrossRef]

Sonoda, H.; Kohnoe, S.; Yamazato, T.; Satoh, Y.; Morizono, G.; Shikata, K.; Morita, M.; Watanabe, A.; Kakeji, Y.; Inoue, F.; et al.
Colorectal cancer screening with odour material by canine scent detection. Gut 2011, 60, 814-819. [CrossRef]

Ehmann, R.; Boedeker, E.; Friedrich, U.; Sagert, J.; Dippon, J.; Friedel, G.; Walles, T. Canine scent detection in the diagnosis of lung
cancer: Revisiting a puzzling phenomenon. Eur. Respir. J. 2012, 39, 669-676. [CrossRef]

Amundsen, T.; Sundstrem, S.; Buvik, T.; Gederaas, O.A.; Haaverstad, R. Can dogs smell lung cancer? First study using exhaled
breath and urine screening in unselected patients with suspected lung cancer. Acta Oncol. 2014, 53, 307-315. [CrossRef]

Guirao Montes, A.; Molins Lopez-Rod6, L.; Ramoén Rodriguez, I.; Sunyer Dequigiovanni, G.; Vifiolas Segarra, N.; Marrades
Sicart, R.M.; Hernandez Ferrandez, J.; Fibla Alfara, ].J.; Agusti Garcia-Navarro, A. Lung cancer diagnosis by trained dogs. Eur. J.
Cardio-Thorac. Surg. 2017, 52, 1206-1210. [CrossRef]

Boedeker, E.; Friedel, G.; Walles, T. Sniffer dogs as part of a bimodal bionic research approach to develop a lung cancer screening.
Interact. Cardiovasc. Thorac. Surg. 2012, 14, 511-515. [CrossRef]

Chen, X,; Xu, E; Wang, Y.; Pan, Y; Lu, D.; Wang, P; Ying, K.; Chen, E.; Zhang, W. A study of the volatile organic compounds
exhaled by lung cancer cells in vitro for breath diagnosis. Cancer Interdiscip. Int. |. Am. Cancer Soc. 2007, 11, 835-844. [CrossRef]
Pezzuto, A.; Terzo, F.; Graziani, M.L.; Ricci, A.; Bruno, P.; Mariotta, S. Lung cancer requires multidisciplinary treatment to improve
patient survival: A case report. Oncol. Lett. 2017, 14, 3035-3038. [CrossRef]

Feil, C.; Staib, F; Berger, M.R,; Stein, T.; Schmidtmann, I.; Forster, A.; Schimanski, C.C. Sniffer dogs can identify lung cancer
patients from breath and urine samples. BMC Cancer 2021, 21, 917. [CrossRef]

Hackner, K.; Errhalt, P.; Mueller, M.R.; Speiser, M.; Marzluf, B.A.; Schulheim, A.; Schenk, P.; Bilek, J.; Doll, T. Canine scent
detection for the diagnosis of lung cancer in a screening-like situation. J. Breath Res. 2016, 10, 046003. [CrossRef]

Staymates, M.E.; MacCrehan, W.A; Staymates, J.L.; Kunz, R.R.; Mendum, T.; Ong, T.H.; Geurtsen, G.; Gillen, G.J.; Craven, B.A.
Biomimetic Sniffing Improves the Detection Performance of a 3D Printed Nose of a Dog and a Commercial Trace Vapor Detector.
Sci. Rep. 2016, 6, 36876. [CrossRef]

Kort, S.; Brusse-Keizer, M.; Schouwink, H.; Citgez, E.; de Jongh, F; van Putten, J.; van den Borne, B.; Kastelijn, L.; Stolz,
D.; Schuurbiers, M.; et al. Diagnosing Non-Small Cell Lung Cancer by Exhaled-Breath Profiling Using an Electronic Nose:
A Multicenter Validation Study. Chest 2022, S0012-3692(22)03914-9. [CrossRef]

Pitkdnen, O.; Hallman, M.; Andersson, S. Determination of ethane and pentane in free oxygen radical-induced lipid peroxidation.
Lipids 1989, 24, 157-159. [CrossRef]

Rudnicka, J.; Kowalkowski, T.; Ligor, T.; Buszewski, B. Determination of volatile organic compounds as biomarkers of lung cancer
by SPME-GC-TOF/MS and chemometrics. |. Chromatogr. B Anal. Technol. Biomed. Life Sci. 2011, 879, 3360-3366. [CrossRef]
Hackner, K.; Pleil, J. Canine olfaction as an alternative to analytical instruments for disease diagnosis: Understanding ‘dog
personality” to achieve reproducible results. J. Breath Res. 2017, 11, 012001. [CrossRef]

Jezierski, T.; Walczak, M.; Ligor, T.; Rudnicka, J.; Buszewski, B. Study of the art: Canine olfaction used for cancer detection on the
basis of breath odour. Perspectives and limitations. J. Breath Res. 2015, 9, 027001. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1183/09031936.00142508
http://doi.org/10.1196/annals.1384.011
http://doi.org/10.1016/S105913110200225X
http://doi.org/10.1053/seiz.2000.0481
http://doi.org/10.1089/acm.2006.6408
http://doi.org/10.1016/S0140-6736(89)92257-5
http://doi.org/10.1016/S0140-6736(01)06065-2
http://doi.org/10.1136/bmj.329.7468.712
http://doi.org/10.1177/1534735405285096
http://doi.org/10.1016/j.eururo.2010.10.006
http://doi.org/10.1136/gut.2010.218305
http://doi.org/10.1183/09031936.00051711
http://doi.org/10.3109/0284186X.2013.819996
http://doi.org/10.1093/ejcts/ezx152
http://doi.org/10.1093/icvts/ivr070
http://doi.org/10.1002/cncr.22844
http://doi.org/10.3892/ol.2017.6511
http://doi.org/10.1186/s12885-021-08651-5
http://doi.org/10.1088/1752-7155/10/4/046003
http://doi.org/10.1038/srep36876
http://doi.org/10.1016/j.chest.2022.09.042
http://doi.org/10.1007/BF02535255
http://doi.org/10.1016/j.jchromb.2011.09.001
http://doi.org/10.1088/1752-7163/aa5524
http://doi.org/10.1088/1752-7155/9/2/027001

	Introduction 
	Material and Methods 
	Study Design 
	Study Participants 
	Target and Non-Target Samples 
	Preparation of Lung Cancer and Non-Lung Cancer Tissue Samples 
	Preparation of Exhaled Breath and Urine Samples 
	Dog Training 
	Training Method 
	First Stage of Training 
	Second Stage of Training 
	Third Stage of Training 
	Ethical Issue 
	Statistical Analysis 

	Results 
	The Characteristics of Participants 
	Results of the Second Stage Training 
	Results of the Third Stage of Training 

	Discussion 
	Conclusions 
	References

