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[ Abstract ] Lung cancer is a leading cause of cancer-related morbidity and mortality globally, which is the biggest
menace to the health and life of the population. Screening and early detection of lung cancer are effective in reducing its mortal-
ity, and the measurement of volatile organic compounds (VOCs) has become a promising clinical means for early detection,
course detection and prognosis management of lung cancer, with advantages of rapid speed, non-invasiveness and convenience.
Now, a variety of VOCs collection ways and analysis methods have emerged at home and abroad. This report summarized three
aspects, including VOCs collection, multiple methods of analysis and progress in the diagnosis and treatment of lung cancer. At

last, we discussed the limitations and prospects of VOCs analysis.
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Fig 1 Sources of VOCs. VOCs: volatile organic compounds.
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Tab 1 Collection methods and characteristics

Microextraction Classification

Characteristics

D -

LPME SDME
HF-LPME
HS-SDME

SPME Direct SPME
HS-SPME
MP-SPME

Suitable for samples which are adsorbed in adsorption tube
Direct contact with sample
In-direct with sample
Suitable for volatile and semi-volatile samples
Direct contact with sample
Suitable for volatile and semi-volatile samples

Protect stationary phase

TD: thermal desorption; SDME: single drop microextraction; HF-LPME: hollow fiber liquid-phase microextraction; HS-SDME: headspace single

drop microextraction; Direct SPME: direct solid-phase microextraction; HS-SPME: headspace SPME; MP-SPME: membrane-protected SPME.
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Tab 2 VOCs analysis methods

VOCs ( JEHIEME S VOCs) BEFT434r, 78 il 2
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I R LI VO Cs Y A HT th 2 2 I i IR e C TAG A5 11
AR ; @QVOCsRE Gl BbrtElL, ARIBFR#H
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TP BOME LI TRR ) H A o SR PR IR o Atk o 465 I35
A ELA bR R R — R B S, OGP, i H
PG, AR R AR UE—E B HERR % QT AT fE
SRt A AE AR TC IR I AN, SRR Z a1 22 B K
Pt RE A R ASAR | [R)— AR [ A, $R 3 3 Y
JE R RSN A A 2R S5 R N e 4 AR A= 1 vO Cs
Z TR ) A5, 2 gk DA 9 b 05X 5 3 J 4% B E S AR
T, HEBR AR IR D 45 R IS s, AT
R IR e S A AR e

VOCSE R B4 Mt 7 =X, &R IE K,
VOCsHFFE R AL 58 T 1M, & TR AT R, BR7E i
FR IS U PR R4 T T TR PR S IR A 5T 1), 3 S A A il e Aoy )
O AT T RE PR SC IS HGE, G2 T 5 T B 22 R 2 4
WOl A AR, PR R R R, (i SERMIE SR i AR
WAL . VOCSER A 1% g it i A Iy =X, A BB m i
ARG 0 i R I RE D, A 45 ) A, RIS
B N TR S o N E A 0 = 1L W el i N o
IR EBIRIZI (323) , AL FEIHAMIEAE BRI . P RGue
I3 S BRI )y N —, R E 2R,

Sources Analysis methods

Breathe GC-MS, SIFT-MS, PTR-MS, FT-ICR-MS , E-nose

Urine GC-MS, PTV-MS, HS-PTV-MS, PTV-GC-MS, HS-PTV-GC-MS, HS-SPME, GC-TOF -MS
Blood GC-MS, HPLC, HS-SDME-GC-MS

Pleural effusions

Lung cancer cell line

HS-SPME-GC-MS

GC-MS, SPME-GC-MS, PT-GC-MS, TD-GC-MS, SIFT-MS, PTR-MS, E-nose

GC: gas chromatography; MS: mass spectrometry; FT-ICR: fourier transform ion cyclotron resonance; E-nose: electronic nose; SIFT: selected

ion flow tube; PTV: programmable temperature vaporizing; PTR: proton transfer reaction; TOF: time of flight; HPLC: high performance liquid
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Tab 3 Studies on the VOCs analysis of patient-derived body fluids and lung cancer cell lines

Sources Study Collection Control Analysis Efficiency Summary
groups methods
Sensi- Speci- AUC Other
tivity (%) ficity (%)
Breathe 2021831 Tedlar bag Healthy E-nose 95.6 91.1 - New technology and
prospective way
20198 Tedlar bag Healthy E-nose 96.2 90.6 - New technology and
prospective way
20191 Tedlar bag Healthy GC-MS 80 91.23 - Typical
201941 Tedlar bag Healthy GC-MS 75.4 85 - Typical
20171 Tedlar bag Healthy GC-MS 95 89 - Typical
201543 Tedlar bag Healthy GC-MS 63.5 724 0.65 Typical
2015044 Tedlar bag Healthy FT-ICR-MS 96 642 0.96 High sensitivity and mass
benign GC-MS 86° accuracy
100¢
201441 Tedlar bag Healthy FT-ICR-MS 28 100 0.86 Higher specificity than
benign PET in distinguishing
benign disease
202101 Tedlar bag Healthy SIFT-MS 96 88 0.98 A persuasive platform for
lung cancer prediction
20166 Tedlar bag Healthy PTR-MS - - - Cannot identify
compounds
with certainty
200947 Tedlar bag Healthy PTR-MS 80 100 - Does not need
GC-MS preconcentr-ation, more

reliable quant-
itative results
Urine 201710 SPME Healthy HS-PTV-MS 100 100 - High sensitivity and

specificity, insufficient

samples

Blood 201048 Ultrasound- Healthy HPLC - - Some Simplicity, low cost and

assisted HS- alkanes  short sample preparation

SDME are high time

Pleural 2014022 HS-SPME Healthy GC-MS - - - P<0.05 Simple, rapid, sensitive
effusions and solvent-free
Cancer 201804 SPME MCF7 GC-MS - - - Some Non-invasive diagnostic
cellline WI38VA13 E-nose alkanes tool to classify lung
A549 are high cancer

Calu3

2 lung cancer vs patients with benign nodules; : lung cancer vs smokers; <: lung cancer vs non-smokers; AUC: area under the curve; PET:
positron emission tomography.

5 ¥ 3 ik survival after surgical resection. Eur J Cardiothorac Surg, 2015, 47(6):
1037-1043. doi: 10.1093/ejcts/ezu410

1 Sung H, Ferlay J, Siegel RL, et al. Global Cancer Statistics 2020:
He J, Li N, Chen WQ, et al. China guideline for the screening and early

GLOBOCAN estimates of incidence and mortality worldwide for 36
cancers in 185 countries. CA Cancer J Clin, 2021, 71(3): 209-249. doi:
10.3322/caac.21660

detection of lung cancer (2021, Beijing). Zhonghua Zhong Liu Za Zhi,
2021, 43(3): 243-268. [BiHE, 2550, MR 775, 5. Hb [t i A 5
2 RIATE R (2021, JLa0). s AL, 2021, 43(3): 243-268.] doi:

2 Guerrera F, Errico L, Evangelista A, et al. Exploring stage I non-small-
10.3760/cma.j.cn112152-20210119-00060

cell lung cancer: development of a prognostic model predicting S-year
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Aberle DR, Adams AM, Berg CD, et al. Reduced lung-cancer mortality
with low-dose computed tomographic screening. N Engl ] Med, 2011,
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