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Abstract
Early diagnosis for cancer is important for extension of prognosis. However, in the incurable cancer
cases such as pancreatic cancer, almost of patients are discovered in advanced stage because of difficulty
of early diagnosis. This study aimed to examine the possibility of early diagnosis for carcinoma on non-
invasive basis by investigating trace gases emanating from human skin surface, so-called human skin
gas, by passive flux sampler coupled with gas-chromatography- mass spectrometry (GC-MS) methodol-
ogy. In this paper, dermal emission fluxes of 74 human skin gases collected from pancreatic cancer
patients were determined by the solvent extraction — GC-MS method and compared with those collected
from healthy volunteers. As a result, significant differences in the dermal emission fluxes were found
for several skin gases between cancer patients and healthy subjects. Notably, some specific greater
values were found in cancer patients of acetaldehyde, 2-nonenal, acetone and exogenous chemicals
including 2-ethyl-1-hexanol and toluene, phenol, ethylbenzene, xylene, styrene, p-dichlorobenzene and
geosmin. Applying the factor analysis to the data, the human skin gas composition can be a tool for early
detection of the pancreatic cancer by distinguishing between cancer patient and healthy subject groups.
(Jpn J Clin Ecol 30 : 7— 16, 2021)
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Table 1. Analytical results on the dermal emission flux of skin gases collected at the forearm of pa-
tients and healthy volunteers using passive flux sampler-solvent extraction-GC/MS meth-

odology.
Dermal emission flux (ng cm™ h'")
Patient(n=19) Healthy volunter(n=16) Ratio
No. Human skin gas Mean =+ SD Mean =+ SD (P/H) p value
1 Propanol 33 *= 25 60 =+ 29 0.5 0.004
2 Butanol 43 = 11 6.1 + 1 0.7 0.028
3 Pentanol 30 += 23 4.2 + 3.6 0.7 0.23
4 Hexanol 19 += 30 3.2 + 2.6 0.6 0.023
5 Heptanol 28 + 29 29 + 2.4 1.0 0.51
6 Octanol 46 =+ 6.6 41 + 2.9 1.1 0.29
7 Nonanol 14 =17 4.8 + 2.9 0.3 0.0001
8 Decanol 067 += 1.0 8.3 + 13 0.1 0.0001
9 2-Ethyl-1-hexanol 12 = 20 0.039 + 0.035 307 0.0006
10 Acetaldehyde 25 + 69 1.5 + 2.0 16 0.91
1 Propanal 36 * 45 58 = 25 0.6 0.04
12 Butanal 37 =+ 38 24 + 21 1.6 0.54
13 Isovaleraldehyde 27 =+ 341 23 + 28 1.2 0.91
14 Valeraldehyde 37 =+ 28 20 = 1.2 1.8 0.11
15 Hexanal 44 =+ 53 1.6 + 1.4 2.8 0.21
16 Heptanal 35 =+ 34 29 + 3.2 1.2 0.40
17 Octanal 32 *+ 54 2.6 + 3.1 1.3 0.58
18 Nonanal 10 =79 3.4 + 3.7 3.0 0.010
19 Decanal 6.1 =+ 46 22 + 21 27 0.008
20 2-Hexenal 084 + 12 1.9 + 1.8 0.4 0.013
21 2-Nonenal 10 =+ 98 1.7 + 1.8 6.2 0.0003
22 Acetic acid 149 =+ 142 670 + 266 0.2 0.0001
23 Propanoic acid 97 =+ 20 22 *= 28 45 0.35
24 Butanoic acid 53 =+ 48 20 + 21 2.7 0.03
25 Isovaleric acid 12 =18 0.74 + 0.8 1.6 0.93
26 Valeric acid 39 =+ 80 25 + 3.4 1.6 0.83
27 Hexanoic acid 40 += 741 1.5 + 1.9 2.8 0.12
28 Heptanoic acid 37 + 68 18 =+ 1.8 20 0.27
29 Octanoic acid 62 =+ 98 1.6 + 20 3.9 0.17
30 Nonanoic acid 54 = 10 3.1 + 2.9 1.7 0.78
31 Decanoic acid 50 =+ 14 1.8 + 20 2.8 0.80
32 Acetone 15 =+ 32 1.6 + 089 9.2 0.21
33 2-Butanone 50 = 59 1.6 + 1.6 3.2 0.18
34 2-Pentanone 28 =+ 3.6 1.8 + 2.5 16 0.85
35 2-Hexanone 20 =+ 24 1.8 + 1.7 11 0.40
36 2-Heptanone 13 = 22 1.9 + 2.9 0.7 0.27
37 2-Octanone 26 =+ 23 1.2 + 1.6 2.2 0.03
38 2-Nonanone 40 =*= 3.0 3.2 + 4.0 1.2 0.25
39 2-Decanone 19 += 28 2.5 + 2.0 0.8 0.14
40 2-Undecanone 48 =+ 6.1 26 + 20 1.8 0.88
41 2-Dodecanone 31 =+ 39 22 + 1.9 14 0.95
42 2-Tridecanone 25 *+ 44 1.8 + 1.6 14 0.27
43 2-Tetradecanone 15 = 13 27 + 3.1 0.5 0.31
44 2-Pentadecanone 13 = 17 35 + 3.6 0.4 0.01
45 Diacetyl 28 =+ 38 3.2 + 3.5 0.9 0.58
46 Acetoin 55 + 6.2 5.9 + 4.0 0.9 0.38
47 6-Methyl-5-hepten-2-on 22 =+ 31 3.9 + 3.1 0.6 0.02
48 Ethyl acetate 29 =+ 41 2.6 + 21 1.1 0.27
49 3-Hexenyl acetate 092 =+ 0.7 4.2 + 3.2 0.2 0.0001
50 Butylated hydroxytoluene 29 *= 63 21 + 1.7 1.4 0.07
51 Benzaldehyde 37 =+ 49 33 = 28 141 0.36
52 Phenol 0.73 = 1.1 0.32 + 1.0 23 0.21
53 Toluene 21 + 52 0.23 + 0.8 93 0.12
54 Ethyl benzene 24 + 35 030 =+ 1.0 8.1 0.37
55 Xylene 13 = 16 0.55 + 2.0 24 0.0002
56 Styrene 39 =+ 62 0.34 + 1.3 1 0.04
57 p-Dichlorobenzene 38 =70 0.32 + 1.2 12 0.0005
58 Geosmin 37 =77 0.58 + 1.2 6.5 0.86
59 Indole 1.0 = 17 0.37 + 0.4 2.6 0.31
60 Skatole 03 = 04 0.29 + 0.7 0.9 0.48
61 a-Pinene 22 = 25 3.2 + 21 0.7 0.045
62 B-Pinene 13 = 19 3.1 + 21 0.4 0.003
63 Limonene 048 =+ 0.6 3.7 + 3.3 0.1 0.0001
64 Methyl mercaptan 20 *= 33 20 = 27 1.0 0.08
65 Ethyl mercaptan 1.7 = 29 0.60 + 0.4 2.8 0.83
66 Allyl methyl sulfide 010 =+ 0.2 0.71 + 0.6 0.1 0.0001
67 Diallyl disulfide 079 = 11 1.2 + 2.4 0.7 0.50
68 y-Hexanolactone 13 *= 26 38 = 37 0.3 0.009
69 y-Heptanolactone 26 =+ 38 40 =*= 28 0.7 0.08
70 y-Octanolactone 072 *= 20 29 = 23 0.2 0.0002
! y-Nonanolactone 14 *= 21 34 =+ 35 0.4 0.02
72 y-Decanolactone 049 =+ 07 27 = 28 0.2 0.002
73 y-Undecanolactone 1.7 *= 34 1.8 + 1.9 1.0 0.25
74 Vanillin 11 + 26 3.0 + 2.4 0.4 0.0008
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Fig. 4 Box-and-whisker plot of dermal emission fluxes of 2E 1H, toluene, ethylbenzene, xylene, sty-
rene, p-dichlorobenzene and geosmin for pancreatic cancer patients and healthy volunteers.
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