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Early diagnosis of breast cancer from exhaled breath by gas
chromatography-mass spectrometry (GC/MS) analysis: A
prospective cohort study
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University, Harbin, China Background: It has proved that there is an association between cancer and volatile
Correspondence organic compounds (VOCs) of exhaled breath. This study targets on verifying the ex-
Enyou Li, Department of Anesthesiology, istence of specific VOCs in breathing in breast cancer patients, especially those with
The First Affiliated Hospital of Harbin . L.

Medical University, 23 Youzheng St., ductal carcinoma in situ (DCIS)‘

Nangang, Harbin 150001, Heilongjiang, Methods: There were a total of 203 participants included in the final analysis, which
China.

Email: enyouli@sina.com included 71 (35.0%) patients with histologically confirmed breast cancer (including

13 with DCIS, 31 with lymph node metastasis-negative status, and 27 with lymph
node metastasis-positive status), 78 (38.4%) healthy volunteers, and 54 (26.6%) pa-
tients with histologically confirmed gastric cancer. Gas chromatography-mass spec-
trometry and solid-phase microextraction were used to analyze the breath samples
for the presence of VOCs.

Results: There were significant differences in the volatile organic metabolites be-
tween the DCIS, lymph node metastasis-negative breast cancer, and lymph node me-
tastasis-positive breast cancer groups compared with the healthy controls as well as
between the breast cancer and gastric cancer patients. An overlapping set of seven
VOCs, including (S)-1,2-propanediol, cyclopentanone, ethylene carbonate, 3-meth-
oxy-1,2-propanediol, 3-methylpyridine, phenol, and tetramethylsilane, was signifi-
cantly different between the breast cancer patients and healthy individuals as well
as between the breast cancer and gastric cancer patients. The combination of these
seven compounds was considered as a biomarker for breast cancer. The sensitivity
for predicting DCIS by this set of seven compounds was determined to be 80.77%,
and the specificity was determined to be 100%.

Conclusions: This set of seven breast cancer-specific VOCs can be regarded as one
particular expiratory marker for DCIS and will help to establish new screening meth-

ods for early breast cancer.
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1 | BACKGROUND

Breast cancer is known as the most prevalent malignancy among
women and the primary cause of female deaths worldwide.! In
2018, over two million new cases were diagnosed and 626 679
deaths due to breast cancer occurred worldwide.? In the United
States, an estimated 249 260 new cases of breast cancer were di-
agnosed in 2018.°

The prognoses in patients with breast cancer were depended
mainly on the stage of the disease.*> Ductal carcinoma in situ (DCIS)
is the early stage of infiltrated breast cancer. It has been reported
that the 10-year overall survival for patients with DCIS could reach
98%-99%.° In comparison, the 10-year tumor-free survival rate is
70%-80% for patients with axillary lymph node metastasis-negative
breast cancer, while it is <30% for patients with axillary lymph node
metastasis-positive breast cancer.* Therefore, diagnosis and appro-
priate therapy at an early stage can effectively reduce the mortality
of breast cancer.*”8

There are several adjuvant screening methods (eg, mammog-
raphy, ultrasonography, digital breast tomosynthesis [DBT], and
magnetic resonance imaging [MRI]) for breast cancer.”*? However,
the accuracy of these methods largely relies on the physicians’ ex-
perience and the tumor's histopathologic features; therefore, there
may be a misinterpretation or a missed diagnosis.c”’“'13 According
to the US Preventive Services Task Force (USPSTF), mammogra-
phy is recommended for breast cancer screening of women aged
50-74 years.!® The USPSTF also announced that there is still a lack
of sufficient evidence to define the balance of harms and benefits in
mammography, ultrasonography, DBT, and MRI in all populations.*°
Furthermore, there is currently no reliable screening method for
DCIS of the breast.}*® The chance of a cure improves considerably
if the disease is diagnosed at an early stage when the tumor is still
localized and asymptomatic.’” A missed diagnosis of DCIS will make
these people miss the best opportunity for treatment. However, up
to 75% of DCIS patients will progress to invasive breast cancer.®%?

With the rapid development of exhaled breath metabolomics in
recent years, the association between volatile organic compounds
(VOCs) of exhaled breath and cancer has attracted increasing atten-
tion.?%25 Breath VOC analysis is appropriate for disease screening
because it is noninvasive, portable, inexpensive, and easy for pa-
tients to accept. Besides, the technique has the potential for early
diagnosis.?®?” Preliminary studies have confirmed that the analysis
of VOCs can distinguish breast cancer patients from healthy con-
trols.232528 However, there is not enough evidence to define the
specific biomarkers for the early stage of breast cancer.

Our previous analytical study reported that a set of three bio-
markers (eg, 2,5,6-trimethylolethane, 1,4-dimethoxy-2,3-butane-
diol, and cyclohexanone) could be used to distinguish patients with
breast cancer, cyclomastopathy, and mammary gland fibroma.?? The
present study expanded the sample size of patients based on our

previous research.?’

The objective of this study was to explore the
potential biomarkers of exhaled breath for the early stage of breast

cancer.

2 | METHODS

This was a prospective cohort study. The Ethics Committee of Harbin
Medical University approved the study protocol (No. 201808), and

each patient signed informed consent before study enrollment.

2.1 | Participants

We recruited patients from The First Affiliated Hospital of Harbin
Medical University from December 1, 2018, to February 1, 2020. The
First Affiliated Hospital of Harbin Medical University is a comprehen-
sive hospital with approximately 4398 beds. The eligibility criteria of
the included participants were similar to those of a previous study.?’
The patients of the breast cancer cohort were recruited from the
Breast Surgery Department. The inclusion criteria were as follows: (a)
the patients were between 18 and 80 years old; (b) the physical sta-
tus of the patients was defined according to the American Society of
Anesthesiologists (ASA) physical status classification system as ASA |
or ASA 11 %% and (c) the patients were all scheduled for breast surgery
within 2 days with histologically confirmed breast cancer. The control
group of healthy female volunteers was recruited from the Medical
Center. The inclusion criterion for healthy controls was as follows: (a)
aged between 18 and 80 years old; (b) female; (c) confirmed as not
having breast cancer by mammography or ultrasound examination;
(d) no history of malignancies; (e) no current infectious diseases. Our
team previously collected data from another control group of gastric
cancer patients in 2015 for a previous study. The inclusion criteria for
the gastric cancer cohort were as follows: (a) aged between 18 and
80 years old; (b) did not have breast cancer; (c) did not have other ma-
lignancies; (d) did not have a current infectious disease. All of the gas-
tric cancer patients had signed a consent form agreeing with their data
being reused in future research. The exclusion criteria for all included
participants were as follows: (a) patients were currently breastfeed-
ing, pregnant, or could become pregnant; (b) patients had congenital
disease(s); (c) patients underwent chemotherapy or radiotherapy treat-
ment before the testing or had another malignancy at the time of the
testing; (d) patients had comorbidities such as obstructive lung disease,
pulmonary tuberculosis, chronic asthma, or other pulmonary diseases;
(e) patients had an inflammatory condition at the time of testing; (f) pa-

tients had symptoms of any acute illness during the previous 2 weeks.

2.2 | Breath sample collection

Before breath sample collection, all participants were asked to
strictly fast for 8 hours to minimize the influence of their diet and
the environment on the composition of their exhaled breaths.
Alveolar breath sampling was performed as described previously
for other studies.®>32 A gas-tight syringe (50 mL; Agilent Inc) was
used to draw and transfer the exhaled gas (20 mL) into an evacu-
ated 20-mL glass vial (Supelco Inc) for each participant. All vials

were flushed and cleaned with nitrogen gas (Liming Gas Inc)
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TABLE 1 Demographic characteristics

f th j
of the study subjects Category

Healthy controls

Breast cancer
(N=71)

Gastric cancer

thoroughly to remove any residual contaminants.®® All of the sam-
ples were analyzed within 3 hours of sampling. The gastric cancer
sample data in this experiment were all collected and interpreted

under the same conditions.

2.3 | Solid-phase microextraction (SPME)

A 75-mm-thick SPME fiber (purchased from Supelco) was inserted
into a vial, and the vial was exposed to the gaseous sample at 40°C
for 20 minutes. In the hot gas chromatography injector at 200°C, the
desorption of VOCs occurred for 2 minutes.

TABLE 2 Potential biomarkers

DCIS vs

CAS healthy
Potential biomarker RT Number controls
4(S)-1,2-Propanediol 3.04 4254-15-3 o
2Cyclopentanone 3.93 120-92-3 o
Methyl acrylic acid 4.46 79-41-4 o
Cyclohexanone 6.15 108-94-1 o
2-Butoxyethanol 6.36 111-76-2
2Ethylene carbonate 7.58 96-49-1 o
#3-Methoxy-1,2- 7.66 623-39-2

propanediol
43-Methylpyridine 8.04 108-99-6
?Phenol 8.06 108-95-2 o
1,1,3,3-Tetramethylurea 8.34 632-22-4 [¢)
2-Ethylhexanol 9.27 104-76-7 o
2,6-Dimethyloctane 10.05 2051-30-1 o
2-Phenyl-2-propanol 10.57 617-94-7 o
2Tetramethyl silicane 11.64 75-76-3 [¢)
Cyclohexanol, 12.51 96-07-1
2-(1-methylethyl)-

Hexamethyldisilane 15.1 1450-14-2 [¢)
Propane, 2-methyl-1,2- 18.23 99875-05-5 o

bis (trimethylsiloxy)-

Lymph node metastasis-
negative breast cancer
vs healthy controls

(0]

o

WILEY--2

Age (years old),

Characteristics Number (mean + SD)

No breast disease 78 51.0 + 10.0

Ductal carcinoma in situ 13 55.0+ 9.1
(DCIS)

Breast cancer (lymph node 31 53.6 + 8.6
negative)

Breast cancer (lymph node 27 54.4 + 8.8
positive)

Gastric adenocarcinoma 54 571+85

2.4 | Gas chromatography-mass spectrometry (GC/
MS) analysis

All of the analyses were performed on a GC/MS (Shimadzu GC-MS QP
2010, Shimadzu) equipped with a DB-5MS (length: 30 m; ID: 0.250 um;
film thickness, 0.25 mm: Agilent Technologies) PLOT column. The in-
jections were performed in the splitless mode, and the splitless time
was 1 minutes. The injector temperature was set to 200°C, and the
carrier gas was helium at a flow rate of 2 mL/min. The temperature
in the column was held at 40°C for 2 minutes in order to condense
the hydrocarbons. The temperature was then increased to 200°C at

70°C/min and held for 1 minutes. After that, the temperature ramped

Lymph node metastasis-
positive breast cancer
vs healthy controls

Breast cancer vs
gastric cancer

(o] o

o o

Abbreviations: CAS, chemical abstracts service; DCIS, ductal carcinoma in situ; RT, retention time.

dIndicates the biomarkers that were differentially detected between cohorts or subcohorts. o indicates that the compound was identified as a

potential marker.
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to 230°C at 20°C/min and stayed for 3 minutes. The MS analyses were
performed in the full-scan mode with an associated m/z range of 35-
200 amu. The ionization energy of 70 eV was used for each measure-

ment, with the ion source maintained at 200°C.

2.5 | Statistical analyses

Statistical analyses were performed using SIMCA-p + 11 software.*
Differences in VOCs between groups were tested with partial least-
squares discriminant analysis (PLS-DA) and principal component analy-
sis (PCA). The SIMCA-p software was used to prevent overfitting by
applying the default seven-round cross-validation. Also, permutation
tests using 200 iterations were performed to validate the supervised
model further. We selected the potential metabolic biomarkers based
on the variable importance in the projection values calculated from the
PLS-DA model. For all data analyses, a P value <.05 indicated statistical

significance. The area under the curve of the combined biomarkers and
the sensitivity and specificity analyses were performed using R lan-
guage software 3.2 (R Development Core Team 2011).

3 | RESULTS

In this study, there were a total of 203 participants included in the
final analysis, which included 71 (35.0%) patients with histologically
confirmed breast cancer, 78 (38.4%) healthy volunteers, and 54
(26.6%) patients with histologically confirmed gastric cancer. For the
breast cancer cohort, 13 patients had DCIS, 31 patients had lymph
node metastasis-negative breast cancer that was not DCIS, and 27
patients had lymph node metastasis-positive breast cancer that was
not DCIS. The mean age and histological features of each group are
summarized in Table 1. The mean ages of each group/subgroup were
not significantly different (P > .05).

( A) ( B ) DCSI vs Healthy contral M2 (PLS-DA) = Desl
[ESSIVS :‘;’[I;;hy cunzl]ra‘ M1 (PCA-X) EC?lh . t{Comp. 1][Comp. 2] . healthy control
t[Comp. 1]t[Comp. . ealthy control
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FIGURE 1 A, PCA score plot. B,: PLS-DA score plot (eight components, R2X = 0.868; R2Y = 0.806; Q2 = 0.531). C, PLS-DA validation

plot intercepts: R2 = (0.0, 0.031); Q2 = (0.0, -0.805)
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3.1 | Patients with DCIS breast cancer vs
healthy controls

A total of 411 metabolites were consistently detected in the samples
from the DCIS patients and healthy controls. A total of 13 differential
metabolites were identified between the two groups (Table 2). In addi-
tion, the two-dimensional PCA score plot displayed a good separation
trend (Figure 1A), and the PLS-DA score plot demonstrated separa-
tion between the DCIS patients and the healthy controls using eight
components (R2X = 0.868; R2Y = 0.806; Q2 = 0.531; Figure 1B).
Moreover, in the validation plot, the R2 and Q2 values were found to
be less than the original values. All of the above parameters confirmed
the validity of the supervised model with the 13 VOCs (Figure 1C).

3.2 | Patients with lymph node metastasis-negative
breast cancer vs healthy controls

A total of 411 metabolites were consistently detected in the sam-
ples from the lymph node metastasis-negative breast cancer and
the healthy controls. A total of 12 differential metabolites were
identified between the two groups (Table 2). In addition, the two-

dimensional PCA score plot demonstrated a good separation trend

(A)

Lymph nodo metastasis-negatie breast cancar s. Healthy cortrol M1 (PCAY) = Healhycontd
tComp. 1)t1Comp 2 o Lymphnod metastasisnegative breast cancer
Colored sccording to Ob D (goup)

@

(Figure 2A), and the PLS-DA score plot demonstrated separation be-
tween the lymph node metastasis-negative breast cancer patients
and the healthy controls when using seven components (R2X = 0.84;
R2Y =0.771; Q2 = 0.425; Figure 2B). Moreover, in the validation plot,
the R2 and Q2 values were found to be less than the original values.
All of the above parameters confirmed the validity of the supervised
model with the 12 VOCs (Figure 2C).

3.3 | Patients with lymph node metastasis-positive
breast cancer vs healthy controls

A total of 411 metabolites were consistently detected in the samples
from the lymph node metastasis-positive breast cancer patients and the
healthy controls. A total of 17 differential metabolites were identified
between the two groups (Table 2). In addition, the two-dimensional PCA
score plot demonstrated a trend for good separation (Figure 3A), and
the PLS-DA score plot showed separation between the lymph node me-
tastasis-positive breast cancer patients and the healthy controls using
seven components (R2X = 0.841; R2Y = 0.761; Q2 = 0.555; Figure 3B).
Moreover, in the validation plot, the R2 and Q2 values were found to be
less than the original values. All of the above parameters confirmed the
validity of the supervised model with the 17 VOCs (Figure 3C).

(B)

o8) = Heathycontrd
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FIGURE 2 A, PCA score plot. B, PLS-DA score plot (seven components, R2X = 0.84; R2Y = 0.771; Q2 = 0.425). C, PLS-DA validation plot

intercepts: R2 = (0.0, 0.274); Q2 = (0.0, -0.664)
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3.4 | Patients with breast cancer vs patients with
gastric cancer

A total of 237 metabolites were consistently detected in the breast
cancer and gastric cancer samples. A total of 17 differential me-
tabolites were identified between the two groups, seven of which
overlapped with the differential metabolites between the breast
cancer patients and the healthy controls (Table 2). In addition, the
two-dimensional PCA score plot demonstrated a trend for good sep-
aration (Figure 4A), and the PLS-DA score plot showed separation
between the lymph node metastasis-positive breast cancer patients
and the gastric cancer patients using two components (R2X = 0.58;
R2Y = 0.664; Q2 = 0.608; Figure 4B). Moreover, in the validation
plot, the R2 and Q2 values were found to be less than the original
values. All of the above parameters confirmed the validity of the su-
pervised model with the 17 VOCs (Figure 4C).

3.5 | Combined biomarkers

We used the differential metabolites that overlapped between
breast cancer vs gastric cancer and breast cancer vs healthy con-

trols as potential breast cancer markers. An overlapping set of seven

Lymph node metastasis-postive breast cancer s. Healhy contioLM1 (PCAY)
{Comp. 1}Comp 2]
Cobred accordng o Ob I (group)

VOCs was significantly different between patients with breast can-
cer vs healthy people and patients with breast cancer vs patients
with gastric cancer. The seven VOCs were (S)-1,2-propanediol, cy-
clopentanone, ethylene carbonate, 3-methoxy-1,2-propanediol,
3-methylpyridine, phenol, and tetramethylsilane. The combination
of these seven potential biomarkers was used to analyze the sensi-
tivity and specificity of their detection of the various breast cancer
groups. The results are shown in Table 3 and Figure 5.

4 | DISCUSSION

Breast cancer is a global problem, and breast cancer screening is be-
lieved to reduce breast cancer mortality by 19% (range: 12%-26%).%°
The currently available techniques (eg, mammography and MRI) for
breast cancer screening cannot always reliably distinguish between
cancer patients and healthy subjects, especially those with early
breast cancer.

The analysis of VOCs is a new frontier for cancer diagnosis be-
cause it is noninvasive and uses potentially inexpensive methods;
thus, it has attracted increasing attention by researchers. In partic-
ular, several studies have confirmed that some specific VOCs are

present in abnormal concentrations in the exhalations of patients

(B)

.. = Hoathy contol
Comp. 1Comp. 2] Lymph nods matastasis postive breast cancor
Colored according to Obs D (goup)

o0

o
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- T o= o=l

g : =

Lymph node metastasis-positive breast cancer vs. Healthy control M2 (PLS-DA): Vaiidate Model

M2 DA1 Intercepts: R2=(0.0, 0.285), G2=(0.0, -0.662)
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FIGURE 3 A, PCA score plot. B, PLS-DA score plot (seven components, R2X = 0.841; R2Y = 0.761; Q2 = 0.555). C, PLS-DA validation

plot intercepts: R2 = (0.0, 0.275); Q2 = (0.0, -0.653)



ZHANG ET AL.

WILEY-7

with breast cancer, and the origin of these compounds has been an-
alyzed.?5242528.29.36-38 Tha principle behind the analysis of VOCs is
based on cell biology. Gene and/or protein changes due to tumor
growth may lead to peroxidation of the cell membrane species,
which emit VOCs.?? These VOCs can be detected either through ex-
haled breath*®42 or directly from the headspace of cancer cells,*® as
cancer-related changes in the blood chemistry lead to measurable
changes in breathing by exchange through the lung.*?

To date, there is no uniform standard for candidate tumor mark-
ers in exhaled VOCs from breast cancer patients. Phillips et al have
reported that methylated alkane derivatives and alkanes could
be utilized as specific VOCs for breast cancer.*** In 2010, Peng
et al demonstrated that significantly different levels of five vola-
tile compounds, including 3,3-dimethyl pentane, 2-amino-5-iso-
2,3,4-trimethyl
5-(2-methylpropyl)nonane, and 6-ethyl-3-octyl ester 2-trifluoro-

propyl-8-methyl-1-azulenecarbonitrile, decane,
methyl benzoic acid in the exhaled breaths between breast cancer
patients and healthy controls In addition, as reported by Kneepkens

etal*®

, pentane concentrationsin exhaled breath samples from breast
cancer patients were found significantly increased. The changes
in lipid and amino acid metabolism in cells are most likely the main
reasons for the modifications of VOCs.*” However, these previous

studies did not supply any evidence of VOC changes according to

different stages of breast cancer. In our research, we categorized the
patients with breast cancer into three groups: DCIS cohort, lymph
node metastasis-negative cohort, and lymph node metastasis-posi-
tive cohort. Each of these three cohorts was compared with healthy
controls, respectively, and potential biomarkers were successfully
isolated. A total of 17 differential metabolites were identified in the
comparison of healthy controls and DCIS. Most of the VOCs iden-
tified in this study were alkanes, ketones, aldehydes, alcohols, or
olefins. Furthermore, with cancer progression, the number of dif-
ferential volatile markers gradually increased. Among them, methyl
acrylic acid is a physiological substrate of the valine pathway and is
metabolized to carbon dioxide by two substrates of the citric acid
cycle: methylmalonate and succinyl-CoA. Moreover, amino acids are
one type of common metabolic marker in breast cancer metabolism
analysis.*®*’ The metabolism of amino acids also is affected by oxi-
dative stress, which may lead to a change of VOCs.*” Consistent with

I°° have reported that 2-ethyl hexanol can be

our results, Lavra et a
considered as a biomarker for breast cancer growth and malignancy.
However, this marker was not statistically different between the
three-breast cancer sub-cohorts analyzed in this study.

The overexpression of human epidermal growth factor receptor 2
(HER2, c-erbB2) is found in up to 30% of breast cancers; in addition,

compared to patients with HER2-negative breast cancer, patients with

breast cancervs. gastric cancer M1 (PCA-X) breast cancer breast cancer vs. gastric cancer M2 (PLS-DAY. Vaidate Model - R
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FIGURE 4 A, PCA score plot. B, PLS-DA score 3D plot (two components, R2X = 0.58; R2Y = 0.664; Q2 = 0.608). C, PLS-DA validation

plot intercepts: R2 = (0.0, 0.0775); Q2 = (0.0, -0.155)
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TABLE 3 Areaunder the ROC curve values, sensitivities, and specificities in four different comparisons

DCIS vs healthy Breast cancer (Lymph node negative) Breast cancer (Lymph node positive) Breast cancer vs

controls vs healthy controls vs healthy controls healthy controls
AUC 0.9380 0.9430 0.8640 0.9190
Sensitivity 0.8077 0.8205 0.9615 0.9359
Specificity 1.0000 0.9032 0.6296 0.7162

Abbreviation: AUC, Area under the ROC curve.

(A) (B) FIGURE 5 A, The ROC curve of
healthy controls vs DCIS patients
obtained by using the combination of
seven biomarkers. B, The ROC curve

of healthy controls vs lymph node-
negative breast cancer patients obtained
by using the combination of seven
biomarkers. C, The ROC curve of healthy
controls vs lymph node-positive breast
cancer patients obtained by using the
combination of seven biomarkers. D, The
ROC curve of healthy controls vs breast
cancer patients obtained by using the
combination of seven biomarkers
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HER2-positive breast cancer were associated with significantly worse combination of these seven markers can predict breast cancer, with
outcomes.’! Many studies have demonstrated that HER2 is also pres- a sensitivity of 93.59% and a specificity of 71.62%; meanwhile, the
ent in other cancers, particularly in gastric cancer.”>>° Trastuzumab is sensitivity and specificity for DCIS are 80.77% and 100%, respec-
a critical drug for the treatment of HER2-positive breast cancer that tively. Currently, mammography is the most popular method used for
also has been shown to be useful for the treatment of HER2-positive breast cancer detection, which may cause radiation-induced muta-
gastric cancer °%; it is approved by the European Union, the United tions to participants due to the use of X-rays. The sensitivity range of
States, and China for the treatment of gastric cancer. Currently, there mammography is 71%-96% for detecting breast cancer. Furthermore,
is no report comparing the exhaled metabolomics of these two types patients with dense breast tissue have even lower mammographic
of cancer. We compared breast cancer and gastric cancer in the pres- sensitivities, from 48% to 70%.8 The sensitivity of ultrasonography
ent study and found that the PCA scores were higher in the gastric is higher than that of mammography at detecting lesions in women
cancer patients than in the breast cancer patients and healthy con- with dense breast tissue.>”*® However, ultrasonography cannot de-
trols. A total of 14 differential metabolites were isolated, of which tect most microcalcifications, which are the typical findings in DCIS.
seven differential metabolites overlapped between the control It has been reported that about 25% of cancers missed by ultrasonog-

groups, thus narrowing our search for breast cancer biomarkers. The raphy were invasive carcinomas, while 75% were DCIS.>? Besides, the
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results of ultrasonography can vary widely due to the diverse exper-
tise of the technicians.?>¢°

GC-MS applied in our research is currently considered the gold
standard technique in breath analysis, and widely used for separation
and identification of unknown substances present in gaseous samples.
GC-MS can analyze multiple compounds simultaneously and its detec-
tion limit is low. But there are still some limitations, the instrument is
expensive, bulky, and time-consuming; therefore, it is not suitable for on-
line monitoring and can lead to sample contamination and loss. However,
up to now, there is still a lack of compound-specific devices for breath
analysis, high-performance equipment, such as GC-MS, will remain in-

dispensable to expand our basic knowledge and to search biomarkers.

5 | CONCLUSION

Applying HS-GCMS-SPME detection, the combination of (S)-1,2-
propanediol, cyclopentanone, ethylene carbonate, 3-methoxy-1,2-
propanediol, 3-methylpyridine, phenol, and tetramethylsilane can
be regarded as a specific expiratory marker for DCIS, which will
help to establish new screening methods for early breast cancer.
However, the number of patients in this study is relatively small,
further studies in larger populations are required in order to con-

firm these findings.
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