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Abstract

method for diagnosing oral squamous cell carcinoma.

method for OSCC diagnosis.

Background: Oral squamous cell carcinoma causes a significant proportion of global cancer morbidity and mortal-
ity. The aim of this study is to investigate whether the exhaled breath test can be a new, non-invasive, and effective

Methods: A comparative analysis of exhaled breath between patients with oral squamous cell carcinoma (OSCC)
and healthy controls (HC) was performed with the Twin Breasor II"", a simple gas chromatography system.

Results: Both hydrogen sulfide (H,S) and methyl mercaptan (Ch;SH) were significantly higher in the OSCC group
than in the HC group. The total sulfur concentration was also higher in the OSCC group, but there was no significant
difference in the ratio of Ch;SH to H,S between the two groups. Using logistic regression, we constructed a new vari-
able with an area under the curve (AUC) of 0.740, 68.0% sensitivity, and 72.0% specificity.

Conclusions: Exhaled gas analysis via simple gas chromatography can potentially serve as an accessory non-invasive
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Background
Oral cancer (OC) causes a significant proportion of
global cancer morbidity and mortality. Worldwide, OCs
account for 300,000 cases (2.1% of the world total) and
145,000 deaths per year [1]. Among these, oral squamous
cell carcinoma (OSCC) represents 90% of all OCs and it
commonly occurs in the oral cavity [2].

Despite great medical advances in recent decades to
improve the prognosis of many cancers, the prognosis of
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OSCC remains poor [2, 3]. Clinical and histopathologic
examination, in addition to imaging, are used to diag-
nose OSCC. Currently, invasive tissue biopsy followed
by histopathologic examination is the gold standard for
OSCC diagnosis [4]. However, tissue biopsy is an invasive
procedure, and it takes 1 ~2 weeks to receive results. An
early and simple test for diagnosing OSCC that can be
performed non-invasively and yields immediate results
could be an essential supplemental diagnostic tool.
Diagnosis using exhaled gas is a promising non-invasive
method. Changes in the composition of exhaled gas can
cause oral malodor, for which malignancy could be an
underlying cause [5].

There are several established risk factors for OSCC.
Tobacco, betel quid, and alcohol are predominant risk
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factors for OSCC [2]. The oral microbiome is one of
the major causes of chronic inflammation which facili-
tates increased cell proliferation, mutagenesis, oncogene
activation, and angiogenesis, all of which lead to OSCC
progression [6]. The oral microbiome is composed of
bacteria, fungi, archaea, and viruses, that interact with
each other and show diversity [7]. There is some evidence
suggesting that oral microbiota have a role in the devel-
opment of OSCC [7]. Chattopadhyay et al. [8] showed
that detecting alterations in oral commensal microbial
communities is a potential diagnostic tool for OSCC.

The most likely causes of oral malodor are oral disease,
respiratory disease and volatile foodstuffs [5]. Sometimes
oral malodor originates from a variety of microbial degra-
dation products, with volatile sulfur compounds (VSCs)
being the most common [9]. Common oral VSCs include
hydrogen sulfide (H,S), methyl mercaptan (CH;SH) and
dimethyl sulfide ((CH,;),S). VSCs play an important role
in oral malodor [9], and they are mainly produced by
Gram-negative anaerobes [10].

Exhalation analysis for lung and breast cancer has been
evaluated, and a significant effect of a breath biomarker
has been shown [11, 12]. Saalberg et al. [11] reported on
some useful biomarkers for early lung cancer detection
that showed promise for development of a lung cancer
screening device. Additionally, Li et al. [12] verified the
diagnostic value of four exhaled straight aldehydes as
early diagnostic biomarkers for breast cancer. Some stud-
ies have suggested that analysis of exhaled breath based
on mass spectrometry (MS) can be used as a diagnostic
method for head and neck cancer [13-15]. In addition,
van de Goor et al. conducted analysis using a handheld
electronic nose and mentioned the possibility of the
device becoming a portable noninvasive diagnostic tool
for head and neck cancer [16]. However, exhalation anal-
ysis of OSCC patients using simple gas chromatography
(GC) has not been conducted much.

Many methods have been developed to measure oral
malodor [17]. Exhaled gas analysis devices can be broadly
described in two categories, pattern recognition devices
with sensors and MS techniques [18]. Among these,
GC-MS has long been considered the gold standard for
breath VSC analysis [18]. This system has both high sen-
sitivity and semi-specificity for sulfur compounds. How-
ever, GC systems are large, expensive, require trained
operators, and have long run times. Recently, simple
GCs were developed and widely used for quantitative
measurement of oral malodor by improving upon the
disadvantageous aspects of traditional GCs while main-
taining accuracy [17]. Also, the simple GC system is not
large and is less expensive. Moreover, sample handling is
easier, and trained operators are not required [19]. These
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new simple GCs will be useful in clinics to detect oral
malodor and pathologic oral conditions.

In a study of periodontal disease patients, halitosis was
caused by inflammation from periodontal disease, and
the exhaled gas of these patients indicated that, hydrogen
sulfide and methyl mercaptan had a high concentration
among other VSCs [20]. Furthermore, the ratio of CH;SH
to H,S was eight times higher in periodontal disease
patients than in healthy people [20]. Although OSCC
is different from general periodontal disease, it can also
be accompanied by an inflammatory reaction and bad
breath. Moreover, OSCC can already be initially detected
due to the presence of bad breath [5].

The purpose of this study is to investigate whether the
exhaled breath test using a simple GC system is effective
for diagnosing OSCC by conducting a comparative analy-
sis of exhaled gas between OSCC and healthy control
groups.

Methods

VSC analysis with simple GC and collection of samples
VSCs analysis was performed with the Twin Breasor I
(iSenLab, Seoul, Korea), a simple GC system. This sim-
ple GC system was calibrated with standard VSC gases
(RIGAS Co., Daejeon, Korea) for five cycles [21]. After
the device had warmed up for several minutes, sample
air was collected using a mouthpiece and Teflon tubing.
VSCs, which are the components of bad breath in oral
exhaled gas, are separated into two kinds of gases, H,S
and CH;SH, by gas chromatography using a semiconduc-
tor gas sensor.

All subjects came to the hospital following an eight-
hour fast in the morning and underwent a simple GC
test. No mouth washing or tooth brushing was per-
formed before the test. In the OSCC group, the exami-
nation was performed before oral cancer treatment,
including surgery, chemotherapy, or radiotherapy. All
subjects were allowed to breathe in through the mouth
for three minutes and kept their mouths closed while
breathing through the nose to incubate the mouth-air
sample. The subjects were instructed to relax their chin,
close their lips with their mouth slightly open, and then
gently bite the wrinkled part of the straw with their
lips so that the area around the straw was sealed by the
closed lips to minimize VSC contamination. If the lips
were opened, ambient air could enter, causing erroneous
measurements. After inserting the straw into the mouth,
the subjects were instructed to breathe freely through the
nose. The measurements for two and half minutes were
displayed on the device monitor, from which the concen-
trations of H,S and CH;SH were calculated. The individ-
ual gas concentrations were then measured and analyzed.
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The measurement time was about 2 min and 30 s, and the
units of measurement were ng/10 ml and ppb.

Measurement of tongue coating score

The total area and thickness of tongue coating were
inspected and recorded by one trained clinician. The area
was recorded as a score of 0-3 (0, no tongue coating; 1,
tongue coating covering less than 1/3 of the tongue dor-
sum; 2, tongue coating covering 1/3-2/3 of the tongue
dorsum; and 3, tongue coating covering more than 2/3 of
the tongue dorsum). Thickness was recorded as a score
of 0-2 (0, no tongue coating; 1, thin tongue papillae vis-
ible; and 2, thick tongue papillae visible). The final tongue
coating score was calculated by multiplying the area
score by the thickness score [19].

area score x thickness score

(1)

= tongue coating score (range 0—6)

Human subjects

Two subject groups were studied: 50 healthy controls
(HC) and 50 OSCC patients. The OSCC group included
patients aged 20-95 years who were diagnosed with
OSCC through a histologic biopsy. The demographic
data for the OSCC patients included sex, age, cancer
location and staging, treatment modality (operation or
chemotherapy), and medical history. The HC group was
made up of healthy volunteers with no medical history
of malignancy. In addition, HC subjects were those with
clinically significant healthy gingiva characterized by the
absence of bleeding on probing, erythema and edema,
patient symptoms, and attachment and bone loss [22].
Informed consent was obtained from each subject at the
time of enrollment. The study was approved by the Insti-
tutional Review Board of Seoul National University Den-
tal Hospital (IRB No.: CRI18008).

Statistical analysis

All statistical analyses were performed using R software,
version 4.0.2 (Vienna, Austria, available at: http://www.R-
project.org/). Independent two-sample t-tests were used
to analyze the difference in exhaled gas concentration
between the two groups (HC and OSCC). Kruskal—Wal-
lis one-way analysis of variance (ANOVA) tests and
t-tests were used to detect significant differences among
various factors, such as location, TNM stage, and treat-
ment modality in the OSCC group with “moonBook”
and “UsingR” packages. Receiver operating characteristic
(ROC) curves were constructed to assess the sensitivity,
specificity, and respective area under the curve (AUC)
with a 95% confidence interval (CI) for OSCC detection
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using the exhaled gas with “multipleROC” and “psych”
packages. ROC curves were also constructed with the
concentrations of H,S, CH;SH, and total sulfur and the
ratio of CH3SH to H,S. A new variable was created based
on an equation using the H,S, CH;SH, and ratio values
obtained by binary logistic regression to optimize sensi-
tivity and specificity. An ROC curve was drawn with this
new variable, and the sensitivity, specificity, and AUC
values were calculated. Two-tailed p<0.05 was consid-
ered significant.

Results

Comparison between HC and OSCC

In the HC (n=>50) and OSCC (n=50) groups, the male
to female ratios were 27:23 and 24:26, respectively, and
the differences were not significant. The OSCC group was
older than the HC group, and there were no differences
in smoking habits or tongue coating scores between the
two groups (Table 1).

The Twin Breasor II'"" measured the concentrations
of H,S and CH;SH in ng/10 ml and ppb units and con-
structed a graph of these values to illustrate the broad
trends (Fig. 1). Both H,S and CH;SH were significantly
higher in the OSCC group than in the HC group. The
total sulfur concentration was also higher in the OSCC
group, and there was no significant difference in the ratio
of Ch;SH to H,S between the two groups (Table 2 and
Fig. 2).

Exhaled gas analysis of the OSCC group

In the OSCC group, various factors associated with
exhaled GC, such as location, TNM stage, and type of
treatment (surgery versus chemotherapy), were ana-
lyzed. The primary sites of oral cancers were divided into
tongue, gums, and buccal cheek, and VSCs concentra-
tions had no significant difference between the primary
sites. Additionally, there was no difference in the concen-
tration of sulfur compounds according to TNM staging.
On the other hand, patients who received chemother-
apy had significantly higher concentrations of hydrogen

Table 1 Summary of demographic data

Groups (N=100)

HC(n=50) OSCC(n=50) p
Male 27 (54.0%) 24 (48.0%) 0.689
Female 23(46.0%) 26 (52.0%)
Age (mean =+ SD, years) 363+88 60.3+15.0 <0.001
Smokers 8 (16.0%) 11 (22.0%) 0610
Tongue coating score 12+15 16+£15 0217

(mean=£SD)
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Table 2 Summary of collected concentrations (mean=SD) of
volatile sulfur compounds

Groups (N=100)

HC (n=50) 0SCC (n=50) p
H,S (ng/10 ml) 27+£44 83+96 <0.001
CH;SH (ng/10 ml) 16£25 63+73 <0.001
Total sulfur (ng/10 ml) 42467 1454159 <0.001
Ratio (CH;SH/H,S) 12426 15425 0.541
(ng/10 ml)
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Fig. 2 Volatile sulfur compound concentrations with a 95%
confidence interval in exhaled breath from two groups (healthy
control and oral squamous cell carcinoma)

sulfide and total sulfur compounds than those who did
not (Table 3, Additional file 1).

ROC curves for OSCC diagnosis

H,S, CH;SH, total sulfur concentration, and the ratio of
CH,3SH to H,S were each evaluated as potential diagnos-
tic variables using ROC curves (Fig. 3) and yielded the
following AUCs, respectively: 0.679, 0.727, 0.721, and
0.565 (p<0.001). The sensitivity and specificity values

are represented in Fig. 3. To optimize sensitivity and
specificity, we created a new variable by binary logis-
tic regression based on an equation using H,S, CH;SH,
and CH,;SH/H,S. The new variable is described with the
equation below.

predict = — 0.75193 4 HjS % 0.03539

+ CH3SH * 0.16512 + 0.04704 * ratio @

The AUC value for the new variable was 0.740, which
was slightly higher than when a single variable was used,
and the sensitivity and specificity were 68.0% and 72.0%,
respectively.

Discussion
Both H,S and CH;SH were significantly higher in the
OSCC group than in the HC group. There was no dif-
ference in tongue coating score or CH;SH/H,S between
the two groups. According to a previous study, both H,S
and CH;SH were higher in those with periodontitis, with
CH,;SH/H,S was more than three times higher than the
control group [20]. Periodontal pathogenic microorgan-
isms increased the production of methyl mercaptan in
periodontitis patients [20]. In our study, the exhaled
breath concentration of gaseous sulfur compounds in
OSCC patients was similarly high compared to that of
periodontitis and halitosis patients, but the pattern in
CH,SH/H,S was different. Patients with OSCC might be
more susceptible to halitosis due to poor oral hygiene,
but the pattern is different than that caused by periodon-
titis, suggesting that exhaled gas analysis can be a poten-
tial marker for OSCC diagnosis.

Potential breath biomarkers have also been studied
in breast cancer [12, 23]. Pathway analysis revealed that
increased glycolysis, lipogenesis, and production of
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Table 3 Multi-variable analysis of exhaled gas in the oral squamous cell carcinoma group (mean 4 SD)

H,S (ng/10ml) p CH;SH (ng/10ml) p Total sulfur p Ratio (CH;SH/H,S) p
(ng/10 ml)

Location Tongue (n=21) 86£9.6 0400 54455 0113 1404138 0224 17+£33 0.875
Gums (n=23) 68+9.1 56+78 1244159 14+20
Buccal cheek (n=6) 128+ 11 121+£9.7 2494211 1.1+£06

TNM stage [(n=10) 42+6.8 0464 31435 0897 73+96 0614 12+1.1 0.253
I(n=10)11.2+10.7 10.7£9.0 2194172 30448
ih=7) 87113 6.1+£86 1484193 18£26
IV(n=23) 87197 58+69 144+£159 08+07

Surgery No (n=5)1274+11.9 0288 84472 0508 2104184 0.341 09+£05 0.136
Yes (n=45) 7.8+94 60+74 138+£156 16+26

Chemotherapy o(n=40) 69492 0036 54+72 0082 122+154 0037 1.7+28 0.050
Yes (n=10)13.9+£95 99471 238+149 0.7+05

volatile organic metabolites indicated metabolic altera-
tions associated with breast cancer [12]. There are also
many factors of oral cancer that alter volatile organic
metabolites. The existence of a viable microbiome in
deep parts of oral cancer favors the hypothesis that bac-
teria survive in the tumor microenvironment [8]. Dif-
ferentiating oral cancer characteristics from bad breath
caused by general periodontitis can be a potential diag-
nostic method for oral cancer.

Accumulated tongue coating instigates bad breath
[19]. It might also affect VSC concentrations, but in our
results, there was no significant difference in tongue coat-
ing score between the two groups. Therefore, it can be
said that changes in VSC concentrations in the exhaled
gas of OC patients are not related to tongue coating.

Various non-invasive diagnostic methods have been
devised supplemental to invasive tissue biopsy. Salivary
protein in saliva is a known biomarker [24]. Another
study reported that oral brush biopsy can also be used
as a non-invasive biomarker for oral cancer [25]. Non-
invasive detection methods, such as GC of exhaled
breath, have been devised for other pathologic diseases,
not just oral cancer. Cellulitis and abscess on the head
and neck area have biomarkers of inflammation, includ-
ing alcohols, aldehydes, and hydrocarbons in exhaled
gas [26]. Additionally, saliva incubation can be a prom-
ising method for diagnostic discrimination [26]. Because
oral tumors can change the oral environment, metabolic
investigations of the oral biofilm, oral cancer, and saliva
could contribute to accurate diagnostic techniques and,
thus, safe and effective treatment for oral and systemic
diseases [27].

We found that exhaled breath could be a potential bio-
marker for diagnosis of oral squamous cell carcinoma
by analyzing the concentrations of H,S and CH,SH.
However, there are many other chemical compositions

in exhaled breath. Gruber et al. said that ethanol, 2-pro-
penenitrile, and undecane could be potential biomark-
ers for head and neck tumors [13]. In addition to volatile
compounds, exhaled gas also includes other compounds,
such as isoprostanes, polypeptides, nucleic acids, lipid
mediators, chemokines, and cytokines [14]. Therefore, if
we analyze various other molecules of exhaled breath, we
will be able to find more volatile biomarkers and produce
better results.

The AUC value for the new variable constructed from
binary logistic regression was 0.740 (95% CI: 0.643—
0.836, p<0.001), and the sensitivity and specificity were
68.0% and 72.0% respectively. These results were similar
to those of a study using a portable handheld electronic
nose [16], and slightly lower than the results of a study
using a selected ion flow tube mass spectrometer [15]. As
such, exhaled breath analysis techniques include electric
nose, gas chromatography, proton transfer reaction mass
spectrometry, and selected ion flow tube mass spectrom-
etry. Accordingly, the number of detected VSCs differs
across techniques, as well as the reported sensitivity and
specificity of the biomarkers [18]. These results did not
demonstrate high accuracy compared with a previous
study [12], and are not sufficient to indicate that a simple
GC test can be used alone to diagnose oral cancer. How-
ever, it can be a valuable non-invasive diagnostic test that
can be used as an adjunct prior to more invasive exami-
nation. In the future, if the composition and pattern
of exhaled gas can be incorporated into the diagnostic
approach for oral cancer, it can be a powerful diagnostic
tool.

In lung cancer, volatile gases can also play an impor-
tant role as potential biomarkers. In a study comparing
the exhaled breath of head and neck cancer and lung can-
cer patients, various volatile biomarkers were different
by group [28]. In some advanced oral cancers, metastasis
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to the cervical lymph nodes or lungs occurs [1]. Moreo-
ver, because radiotherapy is often used in advanced oral
cancer, the halitosis caused by radiotherapy increases,
and changes in exhaled breath components can occur
[29]. Therefore, exhaled breath analysis in advanced oral
cancer requires the consideration of many variables. If
exhaled breath analysis is conducted on locally advanced
oral cancer that has metastasized to the cervical lymph
node or lung, it can be recognized as an important bio-
marker for recurrent or metastatic oral cancer.

Exhaled gas analysis is non-invasive. With only a simple
instrument, the test can be performed quickly and effi-
ciently, and results can be viewed almost immediately.

The Twin breather II"" instrument is portable, and sam-
ple handling is easy. Trained operators are not required,
and it offers similar accuracy to traditional GC [17].
Because early oral cancer and precancerous lesions are
difficult to diagnose and often do not show symptoms,
many patients already have advanced oral cancer at first
diagnosis. Tissue biopsy, the most accurate diagnostic
method, is an invasive method that is difficult to perform
and takes 1-2 weeks to obtain results. With the Twin
breather II'"", the exhaled gas analysis test can be per-
formed as a non-invasive preliminary test for oral cancer
prior to invasive examinations.
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When bad breath worsens for no known reason, VSC
concentrations can be checked through a simple GC
test, and if the increasing pattern is different from the
general periodontitis disease pattern, an oral tumor
etiology is a reasonable suspicion. This comparative
analysis of exhaled gas between oral squamous cell car-
cinoma and healthy controls demonstrated a significant
difference in VSCs between the two groups.

Although we could see a significant difference in
exhaled gas concentration between the OSCC group
and the HC group using the easy and portable sim-
ple GC, the device we used could only detect H,S and
CH;SH. Other volatile organic compounds, such as for-
maldehyde, sevoflurane, benzyl cyanide, coumarin, and
benzothiazole, can have carcinogenicity [15]. There-
fore, if more diverse compounds and their patterns can
be detected easily, the diagnostic ability can be further
improved. In future research, the reliability of exhaled
breath analysis can be increased by comparing the diag-
nostic ability with other diagnostic tools, such as visual
examination.

Conclusions

Both hydrogen sulfide and methyl mercaptan concen-
trations were higher in the exhaled breath of OSCC
patients, but there was no significant difference in the
ratio between the two (CH;SH/H,S). The ability to
detect oral cancer through exhaled H,S and CH,SH gas
and their ratio had an AUC value of 0.740 and sensi-
tivity and specificity values of 68.0% and 72.0%, respec-
tively. These results suggest that exhaled gas analysis
via simple GC can potentially serve as an accessory
non-invasive method for oral cancer diagnosis.

Abbreviations

VSCs: Volatile sulfur compounds; OC: Oral cancer; HC: Healthy controls; AUC

: Area under the curve; OSCC: Oral squamous cell carcinoma; MS: Mass spec-
trometry; GC: Gas chromatography; ROC: Receiver operating characteristic; SD:
Standard deviation.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512903-022-02301-3.

Additional file 1: Raw data containing the collected concentrations of
volatile sulfur compounds.

Acknowledgements
Not applicable.

Author contributions

Conceptualization, BK. and J-H.L; methodology, T-Y.J, formal analysis, |-J.K;
investigation, Y.S,; data curation, I.-JK. and Y.S,; writing—original draft prepara-
tion, -J.K; writing—review and editing, S.-M.K. and J-H.L. All authors have
read and agreed to the published version of the manuscript.

Page 7 of 8

Funding

This research was supported by a grant from the Korea Health Technol-
ogy R&D Project through the Korea Health Industry Development Institute
(KHIDI), funded by the Ministry of Health and Welfare, Korea (Grant Number:
HI20C2114).

Availability of data and materials
The datasets used or analyzed during the study are available from the cor-
responding author upon reasonable request.

Declarations

Ethics approval and consent to participate

The study was conducted according to the guidelines of the Declaration
of Helsinki, and was approved by the Institutional Review Board of Seoul
National University Dental Hospital (IRB No.: CRI18008). Written informed
consent was obtained from all subjects involved in the study.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Department of Oral and Maxillofacial Surgery, Dental Research Institute,
School of Dentistry, Seoul National University, 101 Daehakro, Jongnogu,

Seoul 03080, Korea. 2Department of Oral and Maxillofacial Surgery, Busan Paik
Hospital, Inje University, Bokji-ro 75, Busanjin-gu, Busan 47392, Korea. *Dental
Life Science Research Institute/Innovation Research & Support Center for Den-
tal Science, Seoul National University Dental Hospital, Seoul 03080, Korea.

Received: 5 December 2021 Accepted: 9 June 2022
Published online: 01 July 2022

References

1. Ferlay J, Soerjomataram |, Dikshit R, Eser S, Mathers C, Rebelo M, et al.
Cancer incidence and mortality worldwide: sources, methods and major
patterns in GLOBOCAN 2012. Int J Cancer. 2015;136:E359-86.

2. BrayF, Ferlay J, Soerjomataram |, Siegel RL, Torre LA, Jemal A. Global
cancer statistics 2018: GLOBOCAN estimates of incidence and mor-
tality worldwide for 36 cancers in 185 countries. CA Cancer J Clin.
2018;68:394-424.

3. YangY, Zhou M, Zeng X, Wang C. The burden of oral cancer in China,
1990-2017: an analysis for the global burden of disease, injuries, and risk
factors study 2017. BMC Oral Health. 2021,21:1-11. https://doi.org/10.
1186/512903-020-01386-y.

4. Lingen MW, Kalmar JR, Karrison T, Speight PM. Critical evaluation of diag-
nostic aids for the detection of oral cancer. Oral Oncol. 2008;44:10-22.

5. Porter SR, Scully C. Clinical review Oral malodour (halitosis). BMJ.
2006;333(7569):632-5. https://doi.org/10.1136/bm;j.38954.631968.AE.

6.  Multhoff G, Molls M, Radons J. Chronic inflammation in cancer develop-
ment. Front Immunol. 2012;2 JAN:1-17.

7. ZhangY,Wang X, Li H, Ni C, Du Z, Yan F. Human oral microbiota and its
modulation for oral health. Biomed Pharmacother. 2017;2018(99):883-93.
https://doi.org/10.1016/j.biopha.2018.01.146.

8. Chattopadhyay |, Verma M, Panda M. Role of oral microbiome signatures
in diagnosis and prognosis of oral cancer. Technol Cancer Res Treat.
2019;18:1-19.

9. Bollen CML, Beikler T. Halitosis: the multidisciplinary approach. Int J Oral
Sci. 2012;4:55-63.

10. Krespi YP, Shrime MG, Kacker A. The relationship between oral malodor
and volatile sulfur compound-producing bacteria. Otolaryngol Head
Neck Surg. 2006;135(5):671-6.

11. Saalberg Y, Wolff M. VOC breath biomarkers in lung cancer. Clin Chim
Acta. 2016;459:5-9. https://doi.org/10.1016/j.cca.2016.05.013.

12. LiJ,PengY,LiuY,LiW,JinY,Tang Z et al. Investigation of potential
breath biomarkers for the early diagnosis of breast cancer using gas


https://doi.org/10.1186/s12903-022-02301-3
https://doi.org/10.1186/s12903-022-02301-3
https://doi.org/10.1186/s12903-020-01386-y
https://doi.org/10.1186/s12903-020-01386-y
https://doi.org/10.1136/bmj.38954.631968.AE
https://doi.org/10.1016/j.biopha.2018.01.146
https://doi.org/10.1016/j.cca.2016.05.013

Kwon et al. BMC Oral Health

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

(2022) 22:268

chromatography-mass spectrometry. Clin Chim Acta. 2014,436:59-67.
https://doi.org/10.1016/j.cca.2014.04.030.

Gruber M, Tisch U, Jeries R, Amal H, Hakim M, Ronen O, et al. Analysis of
exhaled breath for diagnosing head and neck squamous cell carcinoma:
a feasibility study. Br J Cancer. 2014;111:790-8.

Makitie AA, Almangush A, Youssef O, Metséla M, Silén S, Nixon 1J, et al.
Exhaled breath analysis in the diagnosis of head and neck cancer. Head
Neck. 2020;42:787-93.

Dharmawardana N, Goddard T, Woods C, Watson DI, Ooi EH, Yazbeck R.
Development of a non-invasive exhaled breath test for the diagnosis of
head and neck cancer. Br J Cancer. 2020;123:1775-81. https://doi.org/10.
1038/541416-020-01051-9.

van de Goor RMGE, van Hooren MRA, Henatsch D, Kremer B, Kross KW.
Detecting head and neck squamous carcinoma using a portable hand-
held electronic nose. Head Neck. 2020;42:2555-9.

Yoneda M, Suzuki N, Hirofuji T. Current status of the techniques used for
halitosis analysis. Austin Chromatogr. 2015;2:6-8.

Dharmawardana N, Woods C, Watson DI, Yazbeck R, Ooi EH. A review

of breath analysis techniques in head and neck cancer. Oral Oncol.
2020;104:104654. https://doi.org/10.1016/j.oraloncology.2020.104654.
Oho T, Yoshida Y, Shimazaki Y, Yamashita Y, Koga T. Characteristics of
patients complaining of halitosis and the usefulness of gas chromatog-
raphy for diagnosing halitosis. Oral Surg Oral Med Oral Pathol Oral Radiol
Endod. 2001;91:531-4.

Yaegaki K, Sanada K. Volatile sulfur compounds in mouth air from clini-
cally healthy subjects and patients with periodontal disease. J Periodon-
tal Res. 1992,27:233-8.

Yaegaki K, Brunette DM, Tangerman A, Choe YS, Winkel EG, Ito S, et al.
Standardization of clinical protocols in oral malodor research. J Breath
Res. 2012,6.

Chapple ILC, Mealey BL, Van Dyke TE, Bartold PM, Dommisch H, Eickholz
P, et al. Periodontal health and gingival diseases and conditions on an
intact and a reduced periodontium: Consensus report of workgroup 1
of the 2017 World Workshop on the Classification of Periodontal and
Peri-Implant Diseases and Conditions. J Periodontol. 2018;89 December
2017:574-84.

Hadi NI, Jamal Q, Igbal A, Shaikh F, Somroo S, Musharraf SG. Serum
metabolomic profiles for breast cancer diagnosis, grading and staging by
gas chromatography-mass spectrometry. Sci Rep. 2017;7:1-11. https://
doi.org/10.1038/541598-017-01924-9.

Chen YT, Chen HW, Wu CF, Chu LJ, Chiang WF, Wu CC, et al. Development
of a multiplexed liquid chromatography multiple-reaction-monitoring
mass spectrometry (LC-MRM/MS) method for evaluation of salivary

proteins as oral cancer biomarkers. Mol Cell Proteomics. 2017;16:799-811.

Yang Y, Rhodus NL, Ondrey FG, Wuertz BRK, Chen X, Zhu Y, et al. Quantita-
tive proteomic analysis of oral brush biopsies identifies secretory leuko-
cyte protease inhibitor as a promising, mechanism-based oral cancer
biomarker. PLoS ONE. 2014;9.

Monedeiro F, Milanowski M, Ratiu IA, Zmystowski H, Ligor T, Buszewski
B.VOC profiles of saliva in assessment of halitosis and submandibular
abscesses using HS-SPME-GC/MS technique. Molecules. 2019;,24.
Washio J, Takahashi N. Metabolomic studies of oral biofilm, oral cancer,
and beyond. Int J Mol Sci. 2016;17.

Hakim M, Billan S, Tisch U, Peng G, Dvrokind |, Marom O, et al. Diag-
nosis of head-and-neck cancer from exhaled breath. Br J Cancer.
2011;104:1649-55.

Albuguerque DF, Tolentino EDS, Amado FM, Arakawa C, Chinellato LEM.
Evaluation of halitosis and sialometry in patients submitted to head and
neck radiotherapy. Med Oral Patol Oral Cir Bucal. 2010;15:850-4.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 8 of 8

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1016/j.cca.2014.04.030
https://doi.org/10.1038/s41416-020-01051-9
https://doi.org/10.1038/s41416-020-01051-9
https://doi.org/10.1016/j.oraloncology.2020.104654
https://doi.org/10.1038/s41598-017-01924-9
https://doi.org/10.1038/s41598-017-01924-9

	Detection of volatile sulfur compounds (VSCs) in exhaled breath as a potential diagnostic method for oral squamous cell carcinoma
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	VSC analysis with simple GC and collection of samples
	Measurement of tongue coating score
	Human subjects
	Statistical analysis

	Results
	Comparison between HC and OSCC
	Exhaled gas analysis of the OSCC group
	ROC curves for OSCC diagnosis

	Discussion
	Conclusions
	Acknowledgements
	References


