CLAIMS

What is claimed is:

3 A 4 £ d1aonast
1. Arapparatustor-cancer-aagnosis;-comp

a low-mass ion detecting unit which detects mass spectra of low-mass joris of

biological materials;

a cancer diagnosing unit which compares and analyzes patterns of mass spectra and

diagnoses cancer; and

a display unit which displays cancer diagrosis information from the cancer diagnosing

unit.

2. The apparatus of claim 1, wherein the low-mass ion detecting unit extracts the mass

spec m@ low-mass ions by detecting peak intensities, peak area and mass-to-charge ratio
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~——3—The-apparatus-of-claim-2;,-wherein-the-low-mass-ion-detecting-unit-comprises-a-ma

measurement device including mass spectrometer.

4. The apparatus of claim 1, wherein the cancer diagnosing unit comprises;

a first aligning means which aligns the low-mass ion mass spectra of the patients with

cancer and the non-cancer subjects of a candidate training set;

a first discriminant score computing means which computes a discriminant score by

performing biostatistical analysis with respect to the mass péra as aligned;

factor loadings computing means which comy sensitivity and specificity according to
the discriminant score and selects a first trainipg set by the sensitivity and specificity, and

computes factor loadings based on the first training set;

a cancer diagnosing ion selecting mieans which selects low-mass ions for cancer diagnosis

from the candidate low-mass Aons meeting a condition for candidate, based on a

discriminating performance tHereof;
a second alignifig means which aligns the low-mass ion mass spectrum of a

biological sample for cancer screening with the first training set;

a second discriminant score computing means which computes a discriminant score
basecjl/él peak intensities of the biological materials for cancer screening and the factor
loadings; and

L a-cancer-determining means-which-determines-the-subject-for-caneersereening————
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—to-be-caneer-pesitive-or-negative-depending-on-the-diseriminant-score-

5. The apparatus of claim 4, wherein the first discriminant score cgmputing

means COIIlpI'iSGSI

a normalizing module which normalizes the peak intensities of'the low-mass ion

mass spectra of the candidate training set;
a scaling module which scales the normalized peak intensities; and

a discriminant score computing module whi:h/c mputes the discriminant score by

performing the biostatistical analysis with respect to the scaled peak intensities.

6. The apparatus of claim/5, wherein the scaling module performs Pareto

scaling.

7. The appafatus of claim 5, wherein the discriminant score computing module
performs the biostatistical analysis using a principal component analysis-based linear

discriminant analysis (PCA-DA).
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e Qe e —-apparatus—of-elaim—4;—wherein—the—factorloading—computing—mea
comprises a first training set selecting means which performs biostatistical analysis WX
respect to the aligned mass spectra and selects training cases that meet a condi 'oz for
training from among the patients with cancer and the non-cancer subjects based OA; result

of the biostatistical analysis, and computes the factor loadings based on the ﬁr&é‘aining set.

10. The apparatus of claim 9, wherein the first training set selecting means sets

the first training set with the patients with cancer and the nop-cancer subjects, if the result of

the biostatistical analysis indicates that the sensitivity eqtals to or is greater than a threshold

(N)), and the specificity equals to or is greater than

11. The apparatus of clat 10, wherein the thresholds (N;, N;) are 1,

respectively.

12. The apparatus of claim 4, wherein the second discriminant score computing

means COIl’lpI'iSGSZ

alizing module which normalizes the peak intensities of the biological

materialsfor cancer screening;

a scaling module which scales the normalized peak intensities; and

a-discriminant score-computing-module-which-computes-the-diseriminant-seore-based—
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—on-thesealed-peak-intensities-and-the-factor loadings.— e ———

13. The apparatus of claim 12, wherein the scaling module perfo

scaling.

14. The apparatus of claim 12, wherein the discrigdinant score computing

module computes the discriminant score based on the scaled peak intensities of the low-mass

ions for cancer diagnosis and the associated factor loadings.

15. The apparatus of claim 4, wherein the cancer determining means determines
the subject for cancer screening to be cdncer positive or negative depending on the
discriminant score, in which the cancer determining means determines cancer positive if the

discriminant score of the subject for cancer screening is greater than the threshold (S), or

determines cancer negative if thg/discriminant score of the subject for cancer screening is less

than the threshold (S).

e apparatus of claim 15, wherein the threshold(S) is 0.

17. The apparatus of claim 15, wherein the cancer determining means

determines the cancer information of the subject for cancer screening based on an average of
-plurality-of the discriminant-scores-which-are-computed-with-respect-to-a-plurality-eflow-—
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~—mass-ion-mass-spectra-obtained-as-a-result-of repeatedly-measuring the-biological sample-for—

cancer screening.

18. The apparatus of claim 4, wherein the cancer diagnosing ion selécting means

comprises:

a candidate ion set selecting means which selects a candidate/ion set with candidate

low-mass ions that meet a condition for candidate from the first tratning set; and

a final ion set selecting means which selects a fingl ion set with low-mass ions for

cancer diagnosis based on individual or combinationgl’ discriminating performance of the

candidate low-mass ions of the candidate ion set.

19. The apparatus of claim/18, wherein the candidate ion set selecting means
comprises a first low-mass ion selegting module which selects first low-mass ions for each

training case, if a product of nfultiplying the peak intensity of each low-mass ion by the

associated factor loading is greater than a threshold (T)).

/
20. /{he apparatus of claim 19, wherein the threshold (T) is 0.1.
/
/

f/

/

/ 21. The apparatus of claim 19, wherein the candidate ion set selecting means

/
/

¢Omprises a candidate ion set pre-selecting module which selects the candidate ion set with
/mseveend»—lew—massaionswpr%semwe@mmenly%n—c—asesrabev&a%hresheld—pefeeﬁt—%}—fmm»ameﬂgm
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22. The apparatus of claim 21, wherein the threshold (T3) is 50.

23. The apparatus of claim 21, wherein the candidate ion set selecting means

/

further comprises: y

/

a sensitivity and specificity computing module which céputes a discriminant score,
indicative of whether each of the training cases is cance/positive or negative using the

y

second low-mass ions, and computes sensitivity and edﬁcity according to the discriminant

score; and

a final candidate ion set selecting module which changes at least one from among the

thresholds (T, T, ) if the sensitivity is legs than a threshold (N3) or the specificity is less than

a threshold (N4), and selects the candidate ion set by repeating the processes.

24. The appdratus of claim 23, wherein the thresholds (N3 ,N4) are 0.9,

respectively.

The apparatus of claim 18, wherein a criterion to evaluate the discriminating
ance in the final ion set selecting means comprises a first criterion according to which
afow-mass ion is selected if a sum of the sensitivity and the specificity thereof equals to or is
reater-than-a-threshold,-or-a-combination-of-the-candidate-low-mass-ions-is-selected-if-a-sum-
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—of-the-sensitivity-and-the-speeificity-thereof-is—greater—than—any-other-combinations-in-a—

comparison group.

26. The apparatus of claim 18, wherein a criterion to evaluate the discriminating

performance in the final ion set selecting means comprises a second crit/er/ion according to
/

which a combination of a least number of low-mass ions is sele/o{ed from among the
/

combinations of the candidate low-mass ions in a comparison group.

27. The apparatus of claim 18, wherein a /cffterion to evaluate the discriminating
performance in the final ion set selecting mearyc/omprises a third criterion according to
which a combination of the candidate low-m}ss/ ions is selected, if a difference between the
lowest discriminant score of true positive c/ases and the highest discriminant score of true
negative cases thereof is greater than afy other combinations in a comparison group, wherein

the discriminant score is computed/ésed on the scaled peak intensities of the candidate low-

mass ions and the associated faér loadings, and indicative of cancer positive or negative.

28. Thé apparatus of claim 18, wherein the final ion set selecting means

comprises:

Aon classifying module which classifies the candidate low-mass ions into a high

sensitivity set {Sns;, Sns,, Sns; ... Sns;} which includes a high sensitivity low-mass ions with
nsitivity exceeding the specificity and arranges the high sensitivity low-mass ions in a
é@se@ndi«ngerderwef—th%«sum-e«f«the»sens-iti—vitywanwthe—spec—i—ﬁe—ity;-andﬂ%igh—speeiﬁe't%y—set——
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»M{SpeT;—Spez;~S-pe3~~.~:—.~Spey}w-whieh*inelﬂdes—~a~h~i»gh——speeiﬁeity—lﬁwmss—iﬂnmnd—amanges—th7'

high specificity low-mass ions in a descending order of the sum of the sensitivity and t

spectficity;

a pre-selecting module which selects a biomarker group with a combinatién selected

from candidate combinations of two or more low-mass ions from
L upper high sensitivity low-mass ions {Sns,, Sns;, Sns; ... Sns_} and yUpper high

specificity low-mass ions {Spc;, Spca, Spes ... Sper}, if the combination meets one or more

of the first, second and third criteria for evaluating the discri?igting performance;

/
a re-selecting module which re-selects the// group of low-mass ions with a
y
combination selected from among the group of lov\;,déass ions and candidate combinations in

which one or more low-mass ions from M next vpper high sensitivity low-mass ions and

/
M next upper high specificity low-mass ioés are added to the group of low-mass ions, if the

combination meets one or more oft/lrc Tirst, second and third criteria; and

/. . . . .
a final group of low-r;m’ss ions selecting module which finalizes the selection of the
group of low-mass ions aftef repeating the re-selecting until there are no next upper low-mass

ions left in the high se @ity set or the high specificity set.

29 The apparatus of claim 28, wherein the final ion set selecting means further

compriges:

an additional group of low-mass ions selecting module which selects additional

groups-of low-mass-ions-by-repeating-the-three-processes-to-select-the-group-of low-mass-ions-
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—with-respeet-to-the-candidate-ion-set-exeluding-the-group-of-low-mass-ions-finalized-by-the—,

final group of low-mass ions selecting module, until there are less than L. low-mass ions |

in the high sensitivity set or the high specificity set; and

a final cancer diagnosing low-mass ion selecting module which selects/a@ mbination
om

of low-mass ions of top K groups of low-mass ions in terms of accuracy among the

group of low-mass ions and the additional groups of low-mass ions.
30. The apparatus of claim 29, wherein Lis 2, M 1, K is 1, 2 or 3.

31. The apparatus of claim 18, whe{ein the final ion set selecting means

performs a low-mass ion selecting process with respect to a training set enlarged by adding a

second training set, independent of the firsptraining set, to the first training set.

32. The apparatus of claim 4, wherein the patients with cancer comprise

CRC patients with colorgctal cancer, BCR patients with breast cancer, GC patients with

gastric cancer, or patients with other types of cancer

The apparatus of claim 1, wherein the low-mass ion detector extracts mass

spectra’ of the low-mass ions by detecting peak intensities of the low-mass ions using mass




CRC patients and the normal subjects of a candidate training set,

A

——g-first-aligning-means—whieh-aligns-the-low-mass-ion-mass-speetra-of-the—

a first discriminant score computing means which computes a discrt

score by performing biostatistical analysis with respect to the mass spectra as aligned,

factor loadings computing means which computes sensiu?i/ and specificity
according to the discriminant score and computes factor loadifg by selecting a first

training set based on the result,

/
/
a CRC-diagnosing ion selecting means which /sélects low-mass ions for CRC
Y,
screening from the candidate low-mass ions meeting a condition for candidate, based

s
/

on a discriminating performance thereof, /

a second aligning means which aligns the low-mass ion mass spectra of the

biological samples for interpretation }Mit/h the first training set,

a second discriminant score computing means which computes a
discriminant score based ?a/peak intensity of the low-mass ions for interpretation

and the factor loading value, and

a CRC deteéning means which determines the subject for interpretation to

be CRC positivé‘ negative depending on the discriminant score, in which

the CRC-diagnosing ion selecting means classifies the plurality of CRC
patients and the normal subjects into first cases comprising a plurality of CRC
paéts and a plurality of normal subjects, and second cases comprising CRC
patients and non-CRC patients, and

———as-the-first-and-second-cases-are-executed; respeetively——— ———————
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e the-low-mass-ions-for CRC-sereening-are-elassified-inte-low-mass-iens—for—
first CRC screening with respect to the first cases and second low-mass ions for

second CRC screening with respect to the second cases.

34. The apparatus of claim 33, wherein mass of each of the Jow-mass ions for
first CRC screening is one or more selected from a group consistin/gﬁ)f: 8.0260, 22.9797,
74.0948, 76.0763, 102.0916, 105.1078, 106.0899, 107.0477, 118.0?22, 23.0395, 137.0423,
137.0729, 147.0573, 147.1058, 169.0653, 181.0656, 190.0849/4.0848, 91.3324, 195.0785,
212.3195, 231.0667, 235.0053, 256.0939, 266.9557, 267.9/561, 288.2033, 91.0997, 295.0663,
300.1297, 301.1269, 316.2288, 317.2311, 335.1862, 3?0{2241, 343.2451, 45.2583, 357.0666,
357.2784, 366.2310, 368.2551, 369.3302, 377.05}0{/379.1438, 379.4765, 83.0529, 384.1745,
388.2688, 401.0531, 423.0313, 428.1878, 454.2090, 465.3014, 466.1923, 68.1851, 469.2831,
4771721, 478.1678, 480.1715, 482.3220,/% 3.3258, 496.8683, 497.7636, 03.8719, 508.3407,
510.3265, 512.3119, 513.3177, 518.29}/1/, 518.8555, 519.2967, 519.8598, 25.3449, 534.2739,

537.2800, 538.3306, 540.2629, 5494144, 542.8457, 544.8692, 548.2856, 66.8375, 581.1957,

582.1888, 583.2242, 656.0270,667.3291, 709.3519, 710.3581, 711.3617, 12.3683, 713.3798,
991.6196, 992.6209, 10166113, 1020.4817, 1206.5305, 1207.5571, 1465.6184, 1466.6096,

1467.5969, 2450.9701,2451.9662 and 2452.9546 m/z (margin of error: £0.1 m/z).

The apparatus of claim 33, wherein the non-CRC patients of the second
cases gomprise one or more of a BCR patient group, a NHL patient group with non-Hodgkin
lymfphoma (NHL) and a GC patient group, and
fr——the-mass-of-the-low-mass-ions-for-second-CRC-sereening-is-one-or-more-selected—
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—from-a-group-consisting-of--60.0476,-138.0540,-172:6653—173-458;179-1451-191-4277—
279.0855, 280.0895, 280.2642, 281.1440, 296.2574, 312.3248, 332.3224, 3372(
369.3406, 465.3161, 486.6356, 488.6882, 544.8908, 551.3287, 566.8737, 707.3475 and

733.3569 m/z (margin of error: +0.1 m/z).

/

Ve
36. The apparatus of claim 33, wherein the discriminar}t/score comprises a first
/
/
class discriminant score based on the first class of the low-mass ions and a second

/

discriminant score based on the second class of the 10w-ma§s/ions, in which
/
/

/
the subject for interpretation is determined to be CRC positive, if the first class

/s

Vs
discriminant score is greater than CSyy, and the second class discriminant score is greater than
/

/

CSyy, or //

the subject for interpretation /i’é determined to be CRC negative, if the first class
e

discriminant score is less than CS }/j: or the second class discrminant score is less than CS,.

/

37. The aératus of claim 36, wherein CSy;, CSiz, CS;; and CSy; are 0,

respectively.

(—selecting-means-comprises-fibrinogen-or-fibrinogen-alpha-chain.——
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39— The—apparatus—of—elaim—33;—wherein—the—low-mass—ion—group—for,

discriminating the CRC patients from the normal subjects comprises transthyretin.

40. The apparatus of claim 33, wherein the first discriminant scete computing

means comprises: /

s

a normalizing module which normalizes the peak intensit;eé of the low-mass ion

/
mass spectra of the candidate training set; /
/
/
a scaling module which scales the normalized peak/iﬁtensities; and
s
/

a discriminant score computing module whi/c/h computes the discriminant score by
/

performing the biostatistical analysis with respect }b the scaled peak intensities.

/

/

y.

/
41. The apparatus of cla}'l{l 40, wherein the scaling module performs Pareto
/
scaling. //
/ !
42. The apéaratus of claim 40, wherein the discriminant score computing
/

/
/
module performs the biostatistical analysis using a principal component analysis-based linear

discriminant analysis (PCA-DA).

43. The apparatus of claim 42, wherein the discriminant score computing

odule computes the discriminant score using both the factor loadings acquired by the PCA-

/ZDAﬁnd—t-hewseale-d~peak—i»nten»s-i{-i-es. e
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——————44——The-apparatus—of-elaim—33,—wherein-the-factor-loading-computing-means—

comprises a first training set selecting means which performs biostatistical analysis with
respect to the aligned mass spectra and selects training cases that meet a condition for
training from among the patients with CRC and the non-CRC subjects based on/ the result of

the biostatistical analysis, and computes the factor loadings based on the first /tffammg set.

/

45. The apparatus of claim 44, wherein the first training set selecting means sets
<
the first training set with the patients with CRC and the non-ﬁiﬁC subjects, if the result of the

A
s

biostatistical analysis indicates that the sensitivity equal/s,./fb or is greater than a threshold (N)),

/
and the specificity equals to or is greater than a thre/s,}’iold (No).
(/A

y,

46. The apparatus of claim 45, wherein the thresholds (N, Ny) are 1,

respectively.

47. The apparatus of claim 33, wherein the second discriminant score computing

means comprises:

alizing module which normalizes the peak intensities of the biological

materials/tor cancer screening;

a scaling module which scales the normalized peak intensities; and

—a-discriminant-score-computing-module-which-computes-the-diseriminant-score-based -
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——on-the-scaled-peak-intensities-and-the-factor-loadings:———— oo

48. The apparatus of claim 47, wherein the scaling module performs/Pareto

scaling.

49. The apparatus of claim 47, wherein the discrim}' ant score computing
module computes the discriminant score based on the scaled pea}mntensities of the low-mass

/

ions for CRC diagnosis and the associated factor loadings. //

50. The apparatus of claim 33, wherein the cancer determining means
determines the subject for cancer screening tg/é CRC positive or negative depending on the
discriminant score, in which the cancer determining means determines CRC positive if the
discriminant score of the subject fo;élcer screening is greater than the threshold (S), or

determines CRC negative if the Zs/criminant score of the subject for cancer screening is less

than the threshold (S).

/

51. The apparatus of claim 50, wherein the threshold(S) is 0.

The apparatus of claim 33, wherein the cancer determining means
/da ermines the CRC information of the subject for cancer screening based on an average of a
~—plurality-of-the-discriminant-scores-which-are-computed-with-respeet-to-a-plurality-of- low——
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——-mass—ienmmas&spec»t«ra—ebtai—nedwa&wresult«—9£—-repeatedlmasu¥ing-the—bi@legieal—sample—fe7

cancer screening.

53. The apparatus of claim 33, wherein the CRC-diagnosing ion selécting means
/
comprises: /’/
/
a candidate ion set selecting means which selects a candidat/;c/i/;n set with candidate
/

low-mass ions that meet a condition for candidate from the first trai/ning set; and
7

s
4
7

)/)
a final ion set selecting means which selects a final ion set with low-mass ions for
s
y

cancer screening based on individual or combinational discriminating performance of the
y

/
candidate low-mass ions of the candidate ion set. /

/
54. The apparatus of clji/m/SS, wherein the candidate ion set selecting means
comprises a first low-mass ion sel; ting module which selects first low-mass ions for each
training case, if a product of multiplying the peak intensity of each low-mass ion by the

associated factor loading is greater than a threshold (T)).

he apparatus of claim 54, wherein the threshold (T;) is 0.1.

The apparatus of claim 54, wherein the candidate ion set selecting means

comprises a candidate ion set pre-selecting module which selects the candidate ion set with
Y.

ré;——secgndnl-ewamassmignswpresentweemmgnly~in—cas@sabWAEhreshgldvp@rsem-(Ia)-fmmmeng
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57. The apparatus of claim 56, wherein the threshold (T) is 50.

58. The apparatus of claim 56, wherein the candidate ion set selecting means

further comprises: /

/

a sensitivity and specificity computing module which cgrﬁputes a discriminant score,

indicative of whether each of the training cases is CRC pos/iﬁve or negative using the second
/

low-mass ions, and computes sensitivity and speciﬁcit}ﬂlccording to the discriminant score;

/

and /

a final candidate ion set selecting mogiﬁle which changes at least one from among the
%

thresholds (T}, T, ) if the sensitivity is le/ss/than a threshold (N3) or the specificity is less than

a threshold (N4), and selects the cand/i(‘fate ion set by repeating the processes.

///
//
,’/
59. The appa/ratus of claim 58, wherein the thresholds (N3 ,N4) are 0.9,
tivel /
respectively. )
,//
/
/

60. The apparatus of claim 53, wherein a criterion to evaluate the discriminating

perforénce in the final ion set selecting means comprises a first criterion according to which
}/@-mass ion is selected if a sum of the sensitivity and the specificity thereof equals to or is
L«great%r—maﬂ—a—thre—sheld,—er—a—eembinaﬁen‘eﬁh%andidat%lew—mass—iens—issew}eeted—if—aﬁum~
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-—of-the-sensitivity-and-the-specificity-thereof -is—greater-than—any—ether-combinations—in—a--

comparison group.

61. The apparatus of claim 53, wherein a criterion to evaluate the
performance in the final ion set selecting means comprises a second CI‘/I’W lon according to
which a combination of a least number of low-mass ions is selected from among the

combinations of the candidate low-mass ions in a comparison group’

62. The apparatus of claim 53, wherein a /cx’l/t/erion to evaluate the discriminating
performance in the final ion set selecting means/»&)mprises a third criterion according to
which a combination of the candidate 10w—ma§§/ions is selected, if a difference between the
lowest discriminant score of true positive cgses and the highest discriminant score of true
negative cases thereof is greater than afy other combinations in a comparison group, wherein

the discriminant score is computed/ﬁased on the scaled peak intensities of the candidate low-

mass ions and the associated factor loadings, and indicative of CRC positive or negative.

63. The apparatus of claim 53, wherein the final ion set selecting means

comprises:

an ion classifying module which classifies the candidate low-mass ions into a high
sensit{ity set {Snsy, Sns;, Sns; ... Sns;} which includes a high sensitivity low-mass ions with
sénsitivity exceeding the specificity and arranges the high sensitivity low-mass ions in a

/:i-;deseending—@rder—@ﬁxh@sum—&—the—sensi-tivity%ndrihe—speeiﬁei-ty;-and--a-hi-g—h—spe@ﬁdty4a—
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~{Sper-Sper-Spes——Sper-which-ineludes-a-high-specificity-low-mass-ions-and-arranges-the—
{

high specificity low-mass ions in a descending order of the sum of the sensitivity and

specificity;

a pre-selecting module which selects a biomarker group with a combinagtion selected

from candidate combinations of two or more low-mass ions from

L upper high sensitivity low-mass ions {Sns;, Sns,, Sns; ... Sns; } and ¥ upper high

specificity low-mass ions {Spc;, Spcz, Spes ... Spei}, if the combination meets one or more

of the first, second and third criteria for evaluating the discrirdinating performance;

a re-selecting module which re-selects the’ group of low-mass ions with a
combination selected from among the group of lowéass ions and candidate combinations in

which one or more low-mass ions from M nexlu/pper high sensitivity low-mass ions and

M next upper high specificity low-mass fons are added to the group of low-mass ions, if the

combination meets one or more of tp first, second and third criteria; and

a final group of low-mass ions selecting module which finalizes the selection of the
group of low-mass ions a

ions left in the high sensitivity set or the high specificity set.

The apparatus of claim 63, wherein the final ion set selecting means further

an additional group of low-mass ions selecting module which selects additional

L—groups-oflow-mass-ions-by-repeating the-three-processes-to-select-the-group-of-low-mass-ions—
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~v—~wit»h—re~speet~~-t0-t~he-eanel-id—ate»-i»en—set~ex—dﬁéinyhe—gfeup»efwlewmass%ens—ﬁnal%zed—by~th7
final group of low-mass ions selecting module, until there are less than L low-mass ions |

in the high sensitivity set or the high specificity set; and

s

/
a final CRC-diagnosing low-mass ion selecting module which selects a ﬁ{mbination

/
of low-mass ions of top K groups of low-mass ions in terms of accuracy from among the

group of low-mass ions and the additional groups of low-mass ions. /

65. The apparatus of claim 64, wherein L is 2, MIS 1,Kis 1,2 or3.

e
e

66. The apparatus of claim 53, Wbéfein the final ion set selecting means

performs a low-mass ion selecting process wij;hﬁrespect to a training set enlarged by adding a

7

second training set, independent of the ﬁr§f/fraining set, to the first training set.

s
s
B
7
7
4

67. The apparatuy‘éf claim 1, wherein the low-mass ion detector extracts mass
spectra of the low-mass ipﬁs by detecting peak intensities of the low-mass ions using mass

spectrometer, from biglf;gical samples of a plurality of BCR patients and normal subjects,

the cancer diagnosing unit comprises,
/:'///'J

a first aligning means which aligns the low-mass ion mass spectra of the

,./
/

BCR Qa{ients and the normal subjects of a candidate training set,

// a first discriminant score computing means which computes a discriminant

y

———seore-by-performing-biostatistical-analysis-with-respeet-to-the-mass-speectra-as-aligned;—
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———————factor-loadings-computing-means-which-computes-sensitivity-and-specificity-,
according to the discriminant score and computes factor loadings by selecting a fj J

training set based on the result,

a BCR diagnosing ion selecting means which selects low-mass ipnhs for BCR
diagnosis from the candidate low-mass ions meeting a condition for Qéldidate, based
on a discriminating performance thereof, /

//

a second aligning means which aligns the low-masg’ion mass spectra of the

biological samples for interpretation with the first traini?g set,
/
a second discriminant score computix{g means which computes a

discriminant score based on a peak intensity of the low-mass ions for interpretation
/
7
and the factor loading value, and /
/

s
/
s

a BCR determining means w;l’i/ch determines the subject for interpretation to

/

/
be positive or negative of BCR depending on the discriminant score, in which

/

the BCR diagnosing/ion selecting means classifies the plurality of BCR
/

patients and the normal s,uéjects into first cases, or
/

classifies th¢ plurality of BCR patients and the normal subjects into second
cases compmyg plurality of BCR patients and a plurality of non-BCR subjects,

and third cases comprising BCR patients and non-BCR patients, and
as the first, second and third cases are executed, respectively,

/ the low-mass ions for screening BCR are classified into low-mass ions for

/

first BCR screening with respect to the first cases, second low-mass ions for second

Vs

;4———BGR_sereening-wiIh«r«@spe@t49~the«see®nd_Gasesrand~thi~rd40wnma55—ien5—fer4hird~
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B ECR-sereening-with-respect-to-the third-ecases:———

68. The apparatus of claim 67, wherein the non-BCR patients of the first cases
comprise one or more of a patient group of normal subjects, a CRC patient group, a NHL
patient group with non-Hodgkin lymphoma (NHL) and a GC patient gro p,/and the mass of
the low-mass ions for first BCR screening is one or more selected fromZgroup consisting of:
74.0937, 74.1155, 76.0728, 136.1067, 173.4872, 193.0665, 208./95/65, 212.0949, 231.0726,
258.1364, 279.0841, 280.0847, 282.2777, 313.2638, 3/3/ 2024, 332.3181, 401.0588,

427.3441, 432.9954, 4522269, 476.6038, 490.3427//498.3237, 499.3265, 512.3145,

562.3074, 583.2323, 584.2415, 646.3851 m/z (margin/of error: +0.1 m/z).

/

/

69. The apparatus of clainy,/wherein the mass of the low-mass ions for second
BCR screening is one or more seleCted from a group consisting of: 38.9779, 46.0647,
74.1164, 76.0733, 97.0686, 122./0’/777, 123.0821, 130.1539, 185.7723, 191.1175, 208.0530,

212.0960, 225.1870, 229.06{05, 231.0675, 244.0962, 281.0913, 284.3205, 313.2618,

3323150, 342.2482, 368.2624, 398.3034, 416.0901, 424.3216, 426.3389, 428.1885,
497.3194, 513.3193; 532.6918, 538.3428, 540.3250, 570.3234, 580.3281, 581.2310,
581.3377,610.3273, 616.3286, 618.3352, 646.3959, 725.3469, 757.1117 m/z (margin of error:

+0.1 m/z).

70. The apparatus of claim 67, wherein the non-BCR patients of the third cases

7

L@mpxise@ne—@mnoreweﬁa—(;R(;«patient_g-roup,—awpa‘eie-ntr-groupww-ith»-nem}—{ed»gk—in-—lymphema»«
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—NHI-)-and-a-GC-patient-group;-and-the-mass-of-the-low-mass-ions-for-third- BCR-sereening-is—
one or more selected from a group consisting of: 38.9736, 38.9892, 44.0491, 44.065/
74.0938, 87.0991, 104.1316, 104.3161, 105.1091, 136.1021, 155.1798, 156.0412, 1723072,
178.1330, 182.0738, 189.9525, 192.1294, 193.0660, 196.0871, 212.3221, 217.0923,
222.0231, 228.0348, 231.0726, 234.0422, 260.1013, 279.0843, 280.0849, 282.2791,
289.2960, 298.3425, 313.2630, 316.3269, 331.2036, 332.3169, 333.3233, 337.1047,
4243272, 426.3406, 432.9948, 433.9894, 446.0196, 454.3014/,/69.2924, 478.8688,
479.8724, 480.3180, 483.3301, 487.3152, 488.3287, 48275/&), 496.4331, 496.7718,
497.7764, 502.8741, 511.3367, 518.8776, 520.8826, 534.2829, 535.2882, 542.8770,
544.7878, 544.8728, 546.3358, 559.2911, 568.114/6/,//583.2284, 731.3330, 733.3526,

734.3563, 735.3665, 757.0995, 757.3512, 1465.58}2{1466.5971 m/z (margin of error: +0.1

m/z). Vs

/

//(
,,//
71. The apparatus of C}A 67, wherein the discriminant score is a first class

discriminant score based on tlé first class low-mass ions, in which the subject for

interpretation is determined fo be positive of BCR if the discriminant score is greater than

BS11, or determined to be negative of BCR if the discriminant score is less than BS;;.

The apparatus of claim 71, wherein BS{; and BS;, are 0, respectively.

73. The apparatus of claim 67, wherein the discriminant score comprises a

econd-class-discriminant-score-based-on-the-second-class-low-mass-ions-and-a-third-class—
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—diseriminant-score-based-on-the-third-class-low-mass-ions;-in-which—————

the subject for interpretation is determined to be positive of BCR, if the second class
discriminant score is greater than BS,; and the third class discriminant score is greatér than

BS31, or

determined to be negative of BCR, if the second class discriminant $core is less than

BS,, or the third class discriminant score is less than BSs,.

74, The apparatus of claim 73, wherein }yl, BS2,, BS3;, and BS;; are 0,

respectively. ya
75. The apparatus of claim 67, wherein the first discriminant score computing

means comprises:
/

a normalizing module wéch normalizes the peak intensities of the low-mass ion

mass spectra of the candidatg/training set;

a scaling modile which scales the normalized peak intensities; and

inant score computing module which computes the discriminant score by

performin?, e biostatistical analysis with respect to the scaled peak intensities.

76. The apparatus of claim 75, wherein the scaling module performs Pareto
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T ——The—apparatus—of—claim—75,—wherein—the—diseriminant—sco

module performs the biostatistical analysis using a principal component analysis-based lipear

discriminant analysis (PCA-DA).

78. The apparatus of claim 77, wherein the discriminapt score computing

module computes the discriminant score using both the factor loadings acquired by the PCA-

DA and the scaled peak intensities.

79. The apparatus of claim 67, whergin the factor loading computing means
comprises a first training set selecting means/which performs biostatistical analysis with

respect to the aligned mass spectra and/éects training cases that meet a condition for

training from among the BRC patients/and the non-BRC subjects based on the result of the

biostatistical analysis, and computgs$ the factor loadings based on the first training set.

80. The apparatus of claim 79, wherein the first training set selecting means sets
the first training sef with the patients with BRC and the non-BRC subjects, if the result of the
biostatistical ahalysis indicates that the sensitivity equals to or is greater than a threshold (N)),

and the specificity equals to or is greater than a threshold (N).

o84 The —apparatus—of—elaim-—80;—wherein—the—thresholds— (N No)—are—1
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82. The apparatus of claim 67, wherein the second discriminant score cgmputing

means comprises:

a normalizing module which normalizes the peak intensities/of the biological

materials for cancer screening;
a scaling module which scales the normalized peak in? ities; and

a discriminant score computing module which computes the discriminant score based

on the scaled peak intensities and the factor loadings. /

/

83. The apparatus of claim }Z,/ wherein the scaling module performs Pareto

scaling.

84. The apparatus of claim 82, wherein the discriminant score computing
module computes the ? criminant score based on the scaled peak intensities of the low-mass

ions for BRC scree/nﬁlg and the associated factor loadings.

8?. The apparatus of claim 67, wherein the cancer determining means

/

detexf{lines the subject for cancer screening to be BRC positive or negative depending on the

/d'lscriminant score, in which the cancer determining means determines BRC positive if the
y

£ discriminant-score-of-the-subject-for-cancer-screening-is-greater-than-the—threshold(S)—or
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——determines-BRC-negative-if- the-diseriminant-seore-of-the-subjeetfor-cancer-sereening-is-less——

than the threshold (S).

86. The apparatus of claim 85, wherein the threshold(S) is 0.

/

/

87. The apparatus of claim 67, wherein the ::?ogr determining means
determines the BRC information of the subject for cancer scr(eeZ' g based on an average of a
respect to a plurality of low-

plurality of the discriminant scores which are computecy

mass ion mass spectra obtained as a result of repeated}y/measuring the biological sample for

cancer screening. /

/
//

/

88. The apparatus of claim %Nherein the BRC-diagnosing ion selecting means

M
comprises: /

a candidate ion set selécting means which selects a candidate ion set with candidate

low-mass ions that meet g€Condition for candidate from the first training set; and

a final ion gt selecting means which selects a final ion set with low-mass ions for
cancer screening based on individual or combinational discriminating performance of the

candidate low-mass ions of the candidate ion set.

/
/ 89. The apparatus of claim 88, wherein the candidate ion set selecting means

L——e@mpr»i-ses&ﬁrst-lew—mass%enseleeﬁngm@dﬁle—whieh—seleetsﬁfs{“lew-ma%ieﬂs—feﬁeaehw
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~—training-case,-if-a-product-of -multiplying-the-peak-intensity-of-each-low-mass-ion-by-the—

/
associated factor loading is greater than a threshold (T)). /
///./
90. The apparatus of claim 89, wherein the threshold (Ty) is 0.1.
91. The apparatus of claim 89, wherein the candida"ge"ﬁion set selecting means

comprises a candidate ion set pre-selecting module which selgc’is the candidate ion set with
second low-mass ions present commonly in cases above a }H}eshold percent (T,) from among

the first low-mass ions. 7

92. The apparatus of claim 91, /x{iherein the threshold (T>) is 50.

/
/
//
//

93. The apparatus/ of claim 91, wherein the candidate ion set selecting means

further comprises: /

a sensitivity a}rfd specificity computing module which computes a discriminant score,

indicative of whe/t fer cach of the training cases is BRC positive or negative using the second

low-mass iong; and computes sensitivity and specificity according to the discriminant score;

and

a final candidate ion set selecting module which changes at least one from among the
esholds (T4, T, ) if the sensitivity is less than a threshold (N3) or the specificity is less than
.w/m»a_t-hreshe-l-dﬁ%);«and«seleet—s—t—h&eandidat&i@n»se%by—re—pea%iﬁg—th&pfeeesse&—w
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04— The—apparatus—of—elaim-—93;—wherein—the—thresholds—INs—Nx 9

respectively.
/
9s. The apparatus of claim 88, wherein a criterion to evaluate thediscriminating

performance in the final ion set selecting means comprises a first criterionaccording to which
a low-mass ion is selected if a sum of the sensitivity and the specificity thereof equals to or is
greater than a threshold, or a combination of the candidate low-mass ions is selected if a sum
of the sensitivity and the specificity thereof is greater th)a{l any other combinations in a

comparison group.

/

96.  The apparatus of claim 88_sherein a criterion to evaluate the discriminating
performance in the final ion set selejing/means comprises a second criterion according to
which a combination of a 162187 umber of low-mass ions is selected from among the

combinations of the candidate fow-mass ions in a comparison group.

97. THe apparatus of claim 88, wherein a criterion to evaluate the discriminating
performance ih the final ion set selecting means comprises a third criterion according to
which a gombination of the candidate low-mass ions is selected, if a difference between the
lowest discriminant score of true positive cases and the highest discriminant score of true

egative cases thereof is greater than any other combinations in a comparison group, wherein
/the discriminant score-is-computed based-on-the-scaled-peak-intensities-of-the-candidate-low—
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98. The apparatus of claim 88, wherein the final ion set selecting’ means
comprises: Vs
/

an ion classifying module which classifies the candidate low-mgss/ ions into a high

sensitivity set {Snsy, Snsy, Sns; ... Sns;} which includes a high sensitiyity low-mass ions with

s

y
sensitivity exceeding the specificity and arranges the high sensitivity low-mass ions in a

/
/

descending order of the sum of the sensitivity and the spec;ﬁ/city, and a high specificity set
{Spc1, Spcay, Spes ... Spej} which includes a high speciflic/ity low-mass ions and arranges the

high specificity low-mass ions in a descending or(j.e’f of the sum of the sensitivity and the

/
5

specificity; y4
/

y

s

a pre-selecting module which sel/eé/ts a biomarker group with a combination selected

from candidate combinations of two 0,1/ more low-mass ions from

s

/
L upper high sensitivity low-mass ions {Sns,, Sns;, Sns ... Sns;} and L upper high
/

/

specificity low-mass ionS/épcl, Spea, Spes ... Spep}, if the combination meets one or more
S
/
of the first, second and third criteria for evaluating the discriminating performance;

Vs
a re-selécting module which re-selects the group of low-mass ions with a

/

combinatigﬁ/selected from among the group of low-mass ions and candidate combinations in

e
Vi

which one or more low-mass ions from M next upper high sensitivity low-mass ions and
7/

next upper high specificity low-mass ions are added to the group of low-mass ions, if the

%—/weemb-inatieﬂme«e—t»sn@neror*mer@oﬂtheﬁ-r—st;»seeendand%hi—rd@ri—t@ri&;%ndmmw
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e g-final-group-ef-low-mass-tons-seleeting-module-whieh-finalizes-the-seleetion-of-th
group of low-mass ions after repeating the re-selecting until there are no next upper low-mass
ions left in the high sensitivity set or the high specificity set.

/

/,/'
/

////

99. The apparatus of claim 98, wherein the final ion set se}cc’élg means further

comprises: /
/

/

an additional group of low-mass ions selecting mg,dﬁle which selects additional
/
groups of low-mass ions by repeating the three processes }a/select the group of low-mass ions
with respect to the candidate ion set excluding the g/véup of low-mass ions finalized by the
/

final group of low-mass ions selecting module, up{il there are less than L low-mass ions left
/

in the high sensitivity set or the high speciﬁci)/f set; and
/

a final BRC-diagnosing low-mass ion selecting module which selects a combination
of low-mass ions of top K groups/é low-mass ions in terms of accuracy from among the

group of low-mass ions and the’additional groups of low-mass ions.

apparatus of claim 99, wherein L is 2, Mis 1, Kis 1, 2 or 3.

101.  The apparatus of claim 88, wherein the final ion set selecting means
performs a low-mass ion selecting process with respect to a training set enlarged by adding a

»/-/~—seeend_ﬁ“aining-»s@t—;—i»ndepend%n&sﬁheﬁmt—tmining»se&te—th&ﬁ%s%ra%ningﬁet.

243



e L )2 The-apparatus-of-elaim—ls-wherein-the-low-mass-ion-detector-extracts-mass-—;
spectra of the low-mass ions by detecting peak intensities of the low-mass ions using mas/

spectrometer, from biological samples of a plurality of GC patients and normal subj ects//
yd
the cancer diagnosing unit comprises, /

a first aligning means which aligns the low-mass ion mass/sf)/ectra of the GC

/

patients and the normal subjects of a candidate training set, /

a first discriminant score computing means whi/cli computes a discriminant

/
score by performing biostatistical analysis with respect to the mass spectra as aligned,

factor loadings computing means whiqh”bomputes sensitivity and specificity

according to the discriminant score and co;rii:)utes factor loadings by selecting a first

»/(

training set based on the result,

a GC-diagnosing ion sele‘éting means which selects low-mass ions for GC
i/¢

7

J
screening from the candidate fow-mass ions meeting a condition for candidate, based

J
7

on a discriminating performance thereof,
«;(/

a second e;l-iéning means which aligns the low-mass ion mass spectra of the

biological samp’fés for interpretation with the first training set,
S

a’ second discriminant score computing means which computes a
discriminant score based on a peak intensity of the low-mass ions for interpretation
-

and the factor loading value, and

—be positive-or-negative-of GC-depending-on-the discriminant-seere;-in-which

a GC-determining means which determines the subject for interpretation to
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~————the-GC~diagnosingion-seleeting-means-classifies-the-plurality-of-GC-patients—
and the normal subjects into a first class comprising a plurality of GC patients ar}d a
plurality of normal subjects, a second class comprising the plurality of GC }aé{ients
and a plurality of CRC patients, a third class comprising the plurality ofG/C patients
and a plurality of BCR patients, and a fourth class comprising th;c/ﬁi;rality of GC

patients and a plurality of NHL patients, or /

/
7

/
classifies the plurality of GC patients and the nop’-/GC subjects into the first

class and a fifth class comprising the plurality of GC p’éfients and the normal subjects,

and a plurality of CRC patients, BCR and NHL subj ects, and
as the first, second, third, fourth ar}d/ﬁfth cases are executed, respectively,

the low-mass ions for GC sqrégning are classified into low-mass ions for first
GC screening with respect to j[/hé"”/ﬁrst cases, second low-mass ions for second GC
screening with respect to/the second cases, third low-mass ions for third GC
screening with respect}d/tihe third cases, fourth low-mass ions for third GC screening
with respect to thc;/'t/ﬁird cases, and fifth low-mass ions for third GC screening with

/
/

J
respect to the third cases.

10/3/. The apparatus of claim 102, wherein the mass of the low-mass ions for first
GC sc¢reening is one or more selected from a group consisting of: 22.9851, 87.0959, 123.0842,
3Y4.2151, 324.1365, 366.2424, 488.6538, 490.3374, 526.3426, 532.3719, 576.2893,

fAO6.—2658,—6~1~6rl~~3~977}466.—5vé—1—2—m/%—(—margin—e£e—prere»f()rl—m/%).—w“mww--m«-w--»w»--s--~--»»~r-~~-~-—- ~~~~~~~~~~~~~ -
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—104——The-apparatus—of-claim—102;~wherein—the—mass—of-the-low-mass—tons—for--

second GC screening is one or more selected from a group consisting of: 18.0260, 22.9830,
38.9752, 72.0788, 86.1216, 122.0584, 137.0721, 144.1092, 156.0171, 172.3740, 172.6583,
207.0729, 265.2034, 356.1278, 380.1643, 381.0949, 401.0680, 431.9882,/442.3197,
445.0278, 458.3228, 489.3564, 489.5293, 490.2775, 490.3586, 525.36’1/1, 528.3633,
535.2970, 553.3205, 557.4392, 584.2675, 585.2726, 587.2805, 7/1/04687, 946.4028,

1466.6433 m/z (margin of error: £0.1 m/z). /

/
/

Vs

105.  The apparatus of claim 102, wherein the mass of the low-mass ions for third

/|
/

GC screening is one or more selected from a group cgnéisting of: 22.9852, 74.0764, 104.1387,
105.1157, 106.0555, 148.0788, 173.4924, 1/7/6/?1198, 184.1123, 212.1032, 217.9461,
226.0798, 228.0046, 284.3291, 299.1308. /299.3423, 314.2316, 338.1143, 377.0710,
387.9830, 426.3417, 427.3321, 430.3,34 432.9929, 456.2963, 459.2425, 480.3312,
481.3399, 482.3368, 487.3295, 488.3316, 490.3400, 496.8846, 506.9148, 509.3577,
532.3532, 534.2973, 535.3013/ 5373199, 550.3255, 560.3121, 562.3203, 574.3090,
580.3417, 583.2274, 584.2}4’5, 584.3355, 585.2423, 600.3366, 616.1446 m/z (margin of

error: £0.1 m/z). //

106./ The apparatus of claim 102, wherein the mass of the low-mass ions for

fourth G screening is one or more selected from a group consisting of: 18.0264, 22.9798,
23.054, 38.9638, 38.9937, 46.0666, 86.1328, 112.0850, 123.0738, 129.0710, 155.1762,
J64.0701, 165.0955, 175.1219, 176.1298, 178.1388, 179.1466, 192.1245, 201.2036,

/
A 204.1077,-212.3577,—213.0575,—229.0033,232.0822, - 234.0749,235.0331,—240.0907,
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—251:9799;--274:0827,284:3265—314:2277,—326:3916;,383:0532;—417:0381;—429:3-

430.3169, 434.2556, 456.3015, 459.2257, 460.9913, 489.3314, 490.3361, 491.3348,

532.2725, 534.2841, 569.3303 m/z (margin of error: 0.1 m/z).

107.  The apparatus of claim 102, wherein the mass of the lovyr’nass ions for fifth

/

GC screening is one or more selected from a group consisting of: 38.96’74, 76.0758, 123.0414,

/
4

156.0432, 163.1135, 164.0712, 184.1062, 184.1375, 190.1}4/1, 193.0672, 215.0444,

/
228.0389, 230.0004, 256.3291, 257.2950, 265.9579, 2@7/.9562, 289.2849, 295.1666,
301.1386, 315.2230, 330.2485, 342.2497, 346.2809, /368.2644, 369.2702, 370.2806,
/
371.2848, 396.0400, 412.1977, 428.1904, 442.3/1/55, 443.2100, 445.0283, 498.3276,

510.2755, 511.3414, 513.3220, 530.3908, 5}2/.2863, 548.3441, 552.3114, 553.3178,

/
571.3341, 573.2402, 584.2661, 666.3899/,/ 683.3451, 684.3511, 708.3570, 711.3711,

/

723.3455, 725.3580, 726.3760, 741.3357 m/z (margin of error: £0.1 m/z).

/

/

J/
/

/
/

108.  The apparatus’of claim 102, wherein the discriminant score comprises a first
class discriminant score based on the first class low-mass ions, a second class discriminant
score based on the sew/nd class low-mass ions, a third class discriminant score based on the

third class low-mass ions, and a fourth class discriminant score based on the fourth class low-

mass ions, in which

he subject for interpretation is determined to be positive of GC if the first class
discfiminant score is greater than GS, and the second class discriminant score is greater than

Sa1, the third class discriminant score is greater than GS;;, and the fourth class discriminant
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———or-the-subject-for-interpretation-is-determined-to-be-negative-of-GC-if-the-first-elass—
discriminant score is less than GS,, or the second class discriminant score is less than G}Z

or the third class discriminant score is less than GSs;, or the fourth class discriminant §ébre is

s

less than GSy;.

109. The apparatus of claim 108, wherein GSy;, GSia, GSzl, GSy, GS31, GS3

GS41 and GSy; are 0, respectively.

110.  The apparatus of claim 102, Wherein/tﬁe discriminant score comprises the

7

first class discriminant score based on the ﬁrst(,éiass low-mass ions and the fifth class

discriminant score based on the fifth class low-mass ions, in which
/

Vi
s/

the subject for interpretation is/,d’etermined to be positive of GC if the first class
/

/
discriminant score is greater than G/S,»{l, and the fifth class discriminant score is greater than

/

GSsi, /

f/
or the subject for interpretation is determined to be negative of GC if the first class

discriminant score is less than GSi,, or the fifth class discriminant score is less than GSs;.

The apparatus of claim 110, wherein GS;;, GSi2, GSs; and GSs; are 0,

respectively.

—L/m—mwml-l%wwliheapparat»u&of«Glra‘im«»»l«.OZ;v«vwhereinvthe—ﬁrstdiseﬁminant—seere—eempuﬁ-ngu
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a normalizing module which normalizes the peak intensities of the low-mass don

mass spectra of the candidate training set;
a scaling module which scales the normalized peak intensities; and /

a discriminant score computing module which computes the disﬁénant score by

performing the biostatistical analysis with respect to the scaled peak i;néities.
/

/

/
/

113.  The apparatus of claim 112, wherein th/e“ scaling module performs Pareto

scaling. /

S
/

114.  The apparatus of claim /1’{2, wherein the discriminant score computing
module performs the biostatistical analysis using a principal component analysis-based linear

discriminant analysis (PCA-DA)./ '

/

/
/

115.  The apératus of claim 114, wherein the discriminant score computing
/
module computes /t}/édiscriminant score using both the factor loadings acquired by the PCA-

DA and the sce;lél peak intensities.

/

116.  The apparatus of claim 102, wherein the factor loading computing means

Comprises a first training set selecting means which performs biostatistical analysis with

/

A——respect—to-the-aligned-mass-spectra—and-—selects—training-cases-that-meet-a-condition—for—
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~—training—from-among-the-GC-patients-and-the-non-GC-subjects-based-on-the-result-ofthe-

biostatistical analysis, and computes the factor loadings based on the first training set.

117.  The apparatus of claim 116, wherein the first training 567 cting means

sets the first training set with the GC patients and the non-GC subjects, if the result of the

biostatistical analysis indicates that the sensitivity equals to or is greater’than a threshold (N;),

and the specificity equals to or is greater than a threshold (N,).

118.  The apparatus of claim 117, wherein the thresholds (Nj, Nj) are 1,

respectively.

119.  The apparatus of claim 102, wherein the second discriminant score

computing means comprises:

7

a normalizing module which normalizes the peak intensities of the biological

/
/
/

materials for cancer screeping;
a scaling module which scales the normalized peak intensities; and

a disc,rxéinant score computing module which computes the discriminant score based

on the sca 4 peak intensities and the factor loadings.

120.  The apparatus of claim 119, wherein the scaling module performs Pareto
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e} Qo The—apparatus—of-elaim—119;—wherein—-the—diseriminant—seore—computing—

module computes the discriminant score based on the scaled peak intensities of the low-ma

ions for GC screening and the associated factor loadings.

122.  The apparatus of claim 102, wherein the cancer determining means
determines the subject for cancer screening to be GC positive or ne/g'tive depending on the
discriminant score, in which the cancer determining means dje/r;nines GC positive if the
discriminant score of the subject for cancer screening is éréater than the threshold (S), or

/
determines GC negative if the discriminant score of y subject for cancer screening is less
than the threshold (S). /

123.  The apparatus of clairp/il22, wherein the threshold(S) is 0.

/
/

/

124, The 2?\4 of claim 102, wherein the cancer determining means
determines the GC inférmation of the subject for cancer screening based on an average of a

plurality of the diScriminant scores which are computed with respect to a plurality of low-

mass ion mass spectra obtained as a result of repeatedly measuring the biological sample for

cancer seteening.

mmmmmm 125.—The-apparatus-of-claim-102;-wherein-the-GC-diagnosing-ion-selecting-means—
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a candidate ion set selecting means which selects a candidate ion set with candidate

low-mass ions that meet a condition for candidate from the first training set; and

a final ion set selecting means which selects a final ion set with low-nass ions for
cancer screening based on individual or combinational discriminating /p rformance of the

candidate low-mass ions of the candidate ion set.

/
126.  The apparatus of claim 125, wherein th/eéandidate ion set selecting means
comprises a first low-mass ion selecting module which selects first low-mass ions for each
training case, if a product of multiplying the y@ k intensity of each low-mass ion by the

associated factor loading is greater than a thrgshold (T)).
/

/
/

/
/

127.  The apparatus of ¢laim 126, wherein the threshold (T)) is 0.1.

/
/

//
128.  The /a]{paratus of claim 126, wherein the candidate ion set selecting means
comprises a caydT ate ion set pre-selecting module which selects the candidate ion set with

second low-}nass ions present commonly in cases above a threshold percent (T;) from among

the first loév-mass ions.

/

/

e

»L-_—MJ-ZQWWTWheﬂapparatuswofuclaimml%&wherei-mthe-thresholeL(Jliz-)«-i5~5~07;~w-wwwwm———,
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30— The-apparatus-of-claim-128;-wherein-the-candidate-ion-set-seleeting-means—

further comprises:

a sensitivity and specificity computing module which computes a discriminagt score,
indicative of whether each of the training cases is GC positive or negative using the second

low-mass ions, and computes sensitivity and specificity according to the d}s riminant score;

and /

/
a final candidate ion set selecting module which changes a/tt/least one from among the

/
thresholds (T}, T ) if the sensitivity is less than a threshold (ljgj or the specificity is less than

a threshold (N4), and selects the candidate ion set by repeatfflg the processes.

respectively. y

/
132.  The apparatus’ of claim 125, wherein a criterion to evaluate the
/

/
discriminating performange/ in the final ion set selecting means comprises a first criterion

according to which a 1,<{w-mass ion is selected if a sum of the sensitivity and the specificity
g

/

thereof equals to of is greater than a threshold, or a combination of the candidate low-mass

ions is select@d/if a sum of the sensitivity and the specificity thereof is greater than any other
a//
combinati,o’hs in a comparison group.

/
/

133.  The apparatus of claim 125, wherein a criterion to evaluate the

diseriminating-performance-in-the-final-ion-set-selecting-means-comprises-a-second-criterion-
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—aceording-to-which-a-combination-of-a-least-number-of low-mass-ions-is-seleeted-from-among

the combinations of the candidate low-mass ions in a comparison group.

134.  The apparatus of claim 125, wherein a criterion to €valuate the
discriminating performance in the final ion set selecting means comprises a third criterion
according to which a combination of the candidate low-mass ions is §eéted, if a difference

between the lowest discriminant score of true positive cases and’ the highest discriminant

/
] ] / . . ;
score of true negative cases thereof is greater than any other combinations in a comparison

7

group, wherein the discriminant score is computed based/o’ﬁ the scaled peak intensities of the
7

candidate low-mass ions and the associated factor logd/ings, and indicative of GC positive or

negative.

//.
135.  The apparatus of sl/a/im 125, wherein the final ion set selecting means

/

comprises: //

s
/.

/
/
an ion classifying module which classifies the candidate low-mass ions into a high

//
sensitivity set {Snsy, S/né , Snsz ... Sns;} which includes a high sensitivity low-mass ions with
sensitivity exceedin{ the specificity and arranges the high sensitivity low-mass ions in a

descending order of the sum of the sensitivity and the specificity, and a high specificity set

{Spc1, Spez, Spcs ... Spey} which includes a high specificity low-mass ions and arranges the

high specificity low-mass ions in a descending order of the sum of the sensitivity and the

specificity;

L a-pre-selecting-module-which-selects-a-biomarker-group-with-a-combination-seleeted—
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—from-candidate-combinations-of two-eor-more-low-mass-ions-from— oo
L upper high sensitivity low-mass ions {Sns;, Sns, Snss ... Sns; } and L upper high

specificity low-mass ions {Spci, Spcy, Spes ... Sper}, if the combination meets ong”or more
/

of the first, second and third criteria for evaluating the discriminating performar;c’é;
//"/
Y,

a re-selecting module which re-selects the group of loyn/ass ions with a
combination selected from among the group of low-mass ions and ca}n/didate combinations in

which one or more low-mass ions from M next upper high sensiti/wty low-mass ions and

/

M next upper high specificity low-mass ions are added to /the group of low-mass ions, if the

combination meets one or more of the first, second and third criteria; and

a final group of low-mass ions selecting /réodule which finalizes the selection of the

group of low-mass ions after repeating the ryélecting until there are no next upper low-mass

ions left in the high sensitivity set or the 7(gh specificity set.

136.  The apparatus of claim 135, wherein the final ion set selecting means further

comprises:

an additional group of low-mass ions selecting module which selects additional
groups of low-mrass ions by repeating the three processes to select the group of low-mass ions
with reip/eot to the candidate ion set excluding the group of low-mass ions finalized by the

ﬁnz:lﬁ up of low-mass ions selecting module, until there are less than L low-mass ions left

in the high sensitivity set or the high specificity set; and

A ——a-final GC-diagnosing low-mass-ion-selecting-medule-which-seleets-a-combination-of
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—low=-mass-ions-of-top-K-groups-ef-low-mass-ions-in-terms-of-accuracy-from-among-the-group

of low-mass ions and the additional groups of low-mass ions.
137.  The apparatus of claim 136, whir/ej,rrL/i/s 2,Mis1,Kis 1,2 or 3.

-
138. }h@z{pparatus of claim 125, wherein the final ion set selecting means
perEr/mS/alo/w-mass ion selecting process with respect to a training set enlarged by adding a

/v—zsecmd—train-i«ng»set;»i—ndependent«9ﬂthewﬁystwt»ra-imng-setﬁ&th@—ﬁr—st«tpaining»setwm:w
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CLAIMS
What is claimed is:

1. An apparatus for cancer diagnosis comprises:

a low-mass ion detecting unit which detects mass spectra of low-mass ions of biological

materials from a plurarity of subjects with cancer and normal subjects; and

a cancer diagnosing unit which compares and analyzes patterns of mass spectra and

diagnoses cancer comprising;

wherein the cancer diagnosing unit comprises;

a first aligning means which aligns the mass spectra of the patients with cancer and the non-

cancer subjects of a candidate training set;

a first discriminant score computing means which computes a discriminant score by

performing biostatistical analysis with respect to the mass spectra as aligned;

factor loadings computing means which computes sensitivity and specificity according to
the discriminant score and selects a first training set by the sensitivity and specificity, and

computes factor loadings based on the first training set;

a cancer diagnosing ion selecting means which selects low-mass ions for cancer diagnosis
from the candidate low-mass ions meeting a condition for candidate, based on a discriminating

performance thereof;

a second aligning means which aligns the low-mass ion mass spectrum of a biological

sample for cancer screening with the first training set;

a second discriminant score computing means which computes a discriminant score based

on peak intensities of the biological materials for cancer screening and the factor loadings; and
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a cancer determining means which determines the subject for cancer screening to be cancer

positive or negative depending on the discriminant score, in which

wherein mass of each of the low-mass ions equals to or is greater than 18.0260, equals to
or less than 2452.9546 m/z, equals to or greater than 38.9736, equals to or less than 1466.5971
m/z, or equals to or greater than 18.0260, equals to or less than 1466.6433 m/z (margin of error:

+0.1 m/z).

2. The apparatus of claim 1, wherein the low-mass ion detecting unit extracts the mass
spectra of the low-mass ions by detecting peak intensities, peak area and mass-to-charge ratio

of the low-mass ions of the biological materials.

3. The apparatus of claim 2, wherein the low-mass ion detecting unit comprises a mass

measurement device including mass spectrometer.

4. The apparatus of claim 1, a display unit which displays cancer diagnosis information

from the cancer diagnosing unit.

5. The apparatus of claim 1, wherein the first discriminant score computing

means COl’an’iSGSZ

a normalizing module which normalizes the peak intensities of the low-mass ion mass

spectra of the candidate training set;
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a scaling module which scales the normalized peak intensities; and

a discriminant score computing module which computes the discriminant score by

performing the biostatistical analysis with respect to the scaled peak intensities.

6. The apparatus of claim 5, wherein the scaling module performs Pareto scaling.

7. The apparatus of claim 5, wherein the discriminant score computing module
performs the biostatistical analysis using a principal component analysis-based linear

discriminant analysis (PCA-DA).

8. The apparatus of claim 7, wherein the discriminant score computing module
computes the discriminant score using both the factor loadings acquired by the PCA-DA and

the scaled peak intensities.

9. The apparatus of claim 5, wherein the factor loading computing means
comprises a first training set selecting means which performs biostatistical analysis with
respect to the aligned mass spectra and selects training cases that meet a condition for training
from among the patients with cancer and the non-cancer subjects based on the result of the

biostatistical analysis, and computes the factor loadings based on the first training set.

10. The apparatus of claim 9, wherein the first training set selecting means sets
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the first training set with the patients with cancer and the non-cancer subjects, if the result of
the biostatistical analysis indicates that the sensitivity equals to or is greater than a threshold

(N1), and the specificity equals to or is greater than a threshold (N2).

1. The apparatus of claim 10, wherein the thresholds (N1, N») are 1, respectively.

12. The apparatus of claim 1, wherein the second discriminant score computing

means comprises:

a normalizing module which normalizes the peak intensities of the biological materials

for cancer screening;

a scaling module which scales the normalized peak intensities; and

a discriminant score computing module which computes the discriminant score based

on the scaled peak intensities and the factor loadings.

13. The apparatus of claim 12, wherein the scaling module performs Pareto

scaling.

14. The apparatus of claim 12, wherein the discriminant score computing module
computes the discriminant score based on the scaled peak intensities of the low-mass ions for

cancer diagnosis and the associated factor loadings.
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15. The apparatus of claim 1, wherein the cancer determining means determines
the subject for cancer screening to be cancer positive or negative depending on the discriminant
score, in which the cancer determining means determines cancer positive if the discriminant
score of the subject for cancer screening is greater than the threshold (S), or determines cancer

negative if the discriminant score of the subject for cancer screening is less than the threshold

(S)-

16. The apparatus of claim 15, wherein the threshold(S) is 0.

17. The apparatus of claim 15, wherein the cancer determining means determines
the cancer information of the subject for cancer screening based on an average of a plurality of
the discriminant scores which are computed with respect to a plurality of low-mass ion mass

spectra obtained as a result of repeatedly measuring the biological sample for cancer screening.

18. The apparatus of claim 9, wherein the cancer diagnosing ion selecting means

comprises:

a candidate ion set selecting means which selects a candidate ion set with candidate

low-mass ions that meet a condition for candidate from the first training set; and

a final ion set selecting means which selects a final ion set with low-mass ions for
cancer diagnosis based on individual or combinational discriminating performance of the

~ candidate low-mass ions of the candidate ion set.
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19. The apparatus of claim 18, wherein the candidate ion set selecting means
comprises a first low-mass ion selecting module which selects first low-mass ions for each
training case, if a product of multiplying the peak intensity of each low-mass ion by the

associated factor loading is greater than a threshold (T1).

20. The apparatus of claim 19, wherein the threshold (T) is 0.1.

21. The apparatus of claim 19, wherein the candidate ion set selecting means
comprises a candidate ion set pre-selecting module which selects the candidate ion set with
second low-mass ions present commonly in cases above a threshold percent (T2) from among

the first low-mass ions.

22. The apparatus of claim 21, wherein the threshold (Tz) is 50.

23. The apparatus of claim 21, wherein the candidate ion set selecting means

further comprises:

a sensitivity and specificity computing module which computes a discriminant score,
indicative of whether each of the training cases is cancer positive or negative using the second
low-mass ions, and computes sensitivity and specificity according to the discriminant score;

and
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a final candidate ion set selecting module which changes at least one from among the
thresholds (T1, T2) if the sensitivity is less than a threshold (N3), or the specificity is less than
a threshold (N4), and re-selects the first low-mass ions and the second low-mass ions, and
computes sensitivity and specificity using the first and the second low-mass ions and selects

the candidate ion set by repeating comparing process with the threshold.

24. The apparatus of claim 23, wherein the thresholds (N3 ,Ni) are 0.9,

respectively.

25. The apparatus of claim 18, wherein a criterion to evaluate the discriminating
performance in the final ion set selecting means comprises a first criterion according to which
a low-mass ion is selected if a sum of the sensitivity and the specificity thereof equals to or is
greater than a threshold, or a combination of the candidate low-mass ions is selected if a sum
of the sensitivity and the specificity thereof is greater than any other combinations in a

comparison group.

26. The apparatus of claim 25, wherein a criterion to evaluate the discriminating
performance in the final ion set selecting means comprises a second criterion according to
which a combination of a least number of low-mass ions is selected from among the

combinations of the candidate low-mass ions in a comparison group.

217. The apparatus of claim 26, wherein a criterion to evaluate the discriminating
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performance in the final ion set selecting means comprises; Korean Patent Application 10-

1461615

a third criterion according to which a combination of the candidate low-mass ions is
selected, if a difference between the lowest discriminant score of true positive cases and the
highest discriminant score of true negative cases thereof is greater than any other combinations
in a comparison group, wherein the discriminant score is computed based on the scaled peak
intensities of the candidate low-mass ions and the associated factor loadings, and indicative of

cancer positive or negative.

28. The apparatus of claim 27, wherein the final ion set selecting means comprises:

an ion classifying module which classifies the candidate low-mass ions into a high
sensitivity set {Sns1, Sns2, Sns3 ... Snsl} which includes a high sensitivity low-mass ions with
sensitivity exceeding the specificity and arranges the high sensitivity low-mass ions in a
descending order of the sum of the sensitivity and the specificity, and a high specificity set
{Spcl, Spc2, Spc3 ... Spcl} which includes a high specificity low-mass ions and arranges the
high specificity low-mass ions in a descending order of the sum of the sensitivity and the

specificity;

a pre-selecting module which selects a biomarker group with a combination selected

from candidate combinations of two or more low-mass ions from

L upper high sensitivity low-mass ions {Snsl1, Sns2, Sns3 ... SnsL} and L upper high
specificity low-mass ions {Spcl, Spc2, Spc3 ... SpcL}, if the combination meets one or more

of'the first, second and third criteria for evaluating the discriminating performance;
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a re-selecting module which re-selects the biomarker group with a combination
selected from among the group of low-mass ions and candidate combinations in which one or

more low-mass ions from M next upper high sensitivity low-mass ions and

M next upper high specificity low-mass ions are added to the group of low-mass ions,

if the combination meets one or more of the first, second and third criteria; and

a final biomarker group selecting module which finalizes the selection of the
biomarker group after repeating the re-selecting until there are no next upper low-mass ions

left in the high sensitivity set or the high specificity set.

29. a biomarker group additional selection module which selects additional
biomarker group by repeating pre-selecting, reselecting, and final selecting process of the
biomarker group with respect to the candidate ion set excluding the group of low-mass ions
finalized by a biomarker group additional selection module, until there are less than L low-

mass ions left in the high sensitivity set or the high specificity set; and

a final cancer diagnosing low-mass ion selecting module which selects a combination
of low-mass ions of top K biomarker groups based on analyzing accuracy of the true positive

and the true negative from among the biomarker group and the additional biomarker groups.

30. The apparatus of claim 29, wherein Lis 2, M is 1, Kis 1, 2 or 3.

31 The apparatus of claim 18, wherein the final ion set selecting means performs

a low-mass ion selecting process with respect to a training set enlarged by adding a second
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training set, independent of the first training set, to the first training set.

32. The apparatus of claim 1, wherein the patients with cancer comprise;
CRC patients with colorectal cancer, BCR patients with breast cancer, GC patients with gastric

cancer, or patients with other types of cancer.

33. a low-mass ion detecting unit which detects the peak intensity having mass of
biological materials from a plurality of CRC patients and normal subjects with cancer and

normal subjects equals to or greater than 18.0260, equals to or less than 2452.9546 m/z; and

a cancer diagnosing unit which compares and analyzes patterns of mass spectra and

diagnoses cancer comprising; and

wherein the cancer diagnosing unit comprises;

a first aligning means which aligns the low-mass ion mass spectra of the CRC patients

and the normal subjects of a candidate training set;

a first discriminant score computing means which computes a discriminant score by

performing biostatistical analysis with respect to the mass spectra as aligned;

factor loadings computing means which computes sensitivity and specificity according
to the discriminant score and computes factor loadings by selecting a first training set based on

the result;

a CRC-diagnosing ion selecting means which selects low-mass ions for CRC screening

from the candidate low-mass ions meeting a condition for candidate, based on a discriminating
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performance thereof;

a second aligning means which aligns the low-mass ion mass spectra of the biological

samples for interpretation with the first training set;

a second discriminant score computing means which computes a discriminant score
based on a peak intensity of the low-mass ions for interpretation and the factor loading value;

and

a CRC determining means which determines the subject for interpretation to be CRC

positive or negative depending on the discriminant score, in which

the CRC-diagnosing ion selecting means classifies the plurality of CRC patients and
the normal subjects into first cases comprising a plurality of CRC patients and a plurality of

normal subjects, and second cases comprising CRC patients and non-CRC patients, and

as the first and second cases are executed, respectively,

the low-mass ions for CRC screening are classified into low-mass ions for first CRC
screening with respect to the first cases and second low-mass ions for second CRC screening

with respect to the second cases.

34, The apparatus of claim 33, wherein mass of each of the low-mass ions for first
CRC screening is one or more selected from a group consisting of: 8.0260, 22.9797, 74.0948,
76.0763, 102.0916, 105.1078, 106.0899, 107.0477, 118.0822, 23.0395, 137.0423, 137.0729,
147.0573, 147.1058, 169.0653, 181.0656, 190.0849, 191.0848, 91.3324, 195.0785, 212.3195,
231.0667, 235.0053, 256.0939, 266.9557, 267.9501, 288.2033, 91.0997, 295.0663, 300.1297,

301.1269, 316.2288, 317.2311, 335.1862, 340.2241, 343.2451, 45.2583, 357.0666, 357.2784,
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366.2310, 368.2551, 369.3302, 377.0570, 379.1438, 379.4765, 83.0529, 384.1745, 388.2688,
401.0531, 423.0313, 428.1878, 454.2090, 465.3014, 466.1923, 68.1851, 469.2831, 477.1721,
478.1678, 480.1715, 482.3220, 483.3258, 496.8683, 497.7636, 03.8719, 508.3407, 510.3265,
512.3119, 513.3177, 518.2931, 518.8555, 519.2967, 519.8598, 25.3449, 534.2739, 537.2800,
538.3306, 540.2629, 540.8144, 542.8457, 544.8692, 548.2856, 66.8375, 581.1957, 582.1888,
583.2242, 656.0270, 667.3291, 709.3519, 710.3581, 711.3617, 12.3683, 713.3798, 991.6196,
992.6209, 1016.6113, 1020.4817, 1206.5305, 1207.5571, 1465.6184, 1466.6096, 1467.5969,

2450.9701, 2451.9662 and 2452.9546 m/z (margin of error: £0.1 m/z).

35. The apparatus of claim 33, wherein the non-CRC patients of the second cases
comprise one or more of a BCR patient group, a NHL patient group with non-Hodgkin

lymphoma (NHL) and a GC patient group, and

the mass of the low-mass ions for second CRC screening is one or more selected from
a group consisting of: 60.0476, 138.0540, 172.6653, 173.1158, 179.1451, 191.1277, 279.0855,
280.0895,280.2642, 281.1440,296.2574, 312.3248, 332.3224, 333.3324, 369.3406, 465.3161,
486.6356, 488.6882, 544.8908, 551.3287, 566.8737, 707.3475 and 733.3569 m/z (margin of

error: +0.1 m/z).

36. The apparatus of claim 33, wherein the discriminant score comprises a first
class discriminant score based on the first class of the low-mass ions and a second discriminant

score based on the second class of the low-mass ions, in which

the subject for interpretation is determined to be CRC positive, if the first class

discriminant score is greater than CSi1, and the second class discriminant score is greater than
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CSai, or

the subject for interpretation is determined to be CRC negative, if the first class

discriminant score is less than CSi2, or the second class discrminant score is less than CSz.

37. The apparatus of claim 36, wherein CSyi, CSi2, CSz1 and CSz; are 0,

respectively.

38. The apparatus of claim 33, wherein the low-mass ion group for discriminating
CRC patients from the normal subjects using the CRC-diagnosing ion selecting means

comprises fibrinogen or fibrinogen alpha chain.

39. The apparatus of claim 33, wherein the low-mass ion group for discriminating

the CRC patients from the normal subjects comprises transthyretin.

40. The apparatus of claim 33, wherein the first discriminant score computing

mecans comprises:

a normalizing module which normalizes the peak intensities of the low-mass ion mass

spectra of the candidate training set;

a scaling module which scales the normalized peak intensities in the normalizing

module; and
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a discriminant score computing module which computes the discriminant score in the

scaling module by performing the biostatistical analysis with respect to the scaled peak

intensities.

41. The apparatus of claim 40, wherein the scaling module performs Pareto
scaling.

42. The apparatus of claim 40, wherein the discriminant score computing module

performs the biostatistical analysis using a principal component analysis-based linear

discriminant analysis (PCA-DA).

43. The apparatus of claim 42, wherein the discriminant score computing module
computes the discriminant score using both the factor loadings acquired by the PCA-DA and

the scaled peak intensities.

44. The apparatus of claim 40, wherein the factor loading computing means
comprises a first training set selecting means which performs biostatistical analysis with
respect to the aligned mass spectra and selects training cases that meet a condition for training
from among the patients with CRC and the non-CRC subjects based on the result of the

biostatistical analysis, and computes the factor loadings based on the first training set.
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45. The apparatus of claim 44, wherein the first training set selecting means sets
the first training set with the patients with CRC and the non-CRC subjects, if the result of the
biostatistical analysis indicates that the sensitivity equals to or is greater than a threshold (N1),

and the specificity equals to or is greater than a threshold (N2).

46. The apparatus of claim 45, wherein the thresholds (N1, N2) are 1, respectively.

47. The apparatus of claim 33, wherein the second discriminant score computing

means comprises:

a normalizing module which normalizes the peak intensities of the biological materials

for cancer screening;

a scaling module which scales the normalized peak intensities in the normalizing

module; and

a discriminant score computing module which computes the discriminant score based

on the scaled peak intensities and the factor loadings in the scaling module.

48. The apparatus of claim 47, wherein the scaling module performs Pareto

scaling.

49. The apparatus of claim 47, wherein the discriminant score computing module

computes the discriminant score based on the scaled peak intensities of the low-mass ions for
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CRC diagnosis and the associated factor loadings.

50. The apparatus of claim 33, wherein the cancer determining means determines
the subject for cancer screening to be CRC positive or negative depending on the discriminant
score, in which the cancer determining means determines CRC positive if the discriminant
score of the subject for cancer screening is greater than the threshold (S), or determines CRC

negative if the discriminant score of the subject for cancer screening is less than the threshold

(S).

51. The apparatus of claim 50, wherein the threshold(S) is 0.

52. The apparatus of claim 33, wherein the cancer determining means determines
the CRC information of the subject for cancer screening based on an average of a plurality of
the discriminant scores which are computed with respect to a plurality of low-mass ion mass

spectra obtained as a result of repeatedly measuring the biological sample for cancer screening.

53. The apparatus of claim 44, wherein the CRC-diagnosing ion selecting means

comprises:

a candidate ion set selecting means which selects a candidate ion set with candidate

low-mass ions that meet a condition for candidate from the first training set; and

a final ion set selecting means which selects a final ion set with low-mass ions for
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cancer screening based on individual or combinational discriminating performance of the

candidate low-mass ions of the candidate ion set.

54. The apparatus of claim 53, wherein the candidate ion set selecting means
comprises a first low-mass ion selecting module which selects first low-mass ions for each
training case, if a product of multiplying the peak intensity of each low-mass ion by the

associated factor loading is greater than a threshold (T}).

55. The apparatus of claim 54, wherein the threshold (T1) is 0.1.

56. The apparatus of claim 54, wherein the candidate ion set selecting means
comprises a candidate ion set pre-selecting module which selects the candidate ion set with
second low-mass ions present commonly in cases above a threshold percent (T2) from among

the first low-mass ions.

57. The apparatus of claim 56, wherein the threshold (T?) is 50.

58. The apparatus of claim 56, wherein the candidate ion set selecting means

further comprises:

a sensitivity and specificity computing module which computes a discriminant score,

indicative of whether each of the training cases is CRC positive or negative using the first and
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the second low-mass ions, and computes sensitivity and specificity according to the

discriminant score; and

a final candidate ion set selecting module which changes at least one from among the
thresholds (CT1, CT2) if the sensitivity is less than a threshold (CN3) or the specificity is less
than a threshold (CN4), reselects the candidate ion set, and computes sensitivity and specifity
using the reselected the first and the second low-mass ions by repeating comparing to the

threshold processes.

59. The apparatus of claim 58, wherein the thresholds (N3 ,N4) are 0.9,

respectively.

60. The apparatus of claim 53, wherein a criterion to evaluate the discriminating
performance in the final ion set selecting means comprises a first criterion according to which
a low-mass ion is selected if a sum of the sensitivity and the specificity thereof equals to or is
greater than a threshold, or a combination of the candidate low-mass ions is selected if a sum
of the sensitivity and the specificity thereof is greater than any other combinations in a

comparison group.

61. The apparatus of claim 60, wherein a criterion to evaluate the discriminating
performance in the final ion set selecting means further comprises a second criterion according
to which a combination of a least number of low-mass ions is selected from among the

combinations of the candidate low-mass ions in a comparison group.
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62. The apparatus of claim 61, wherein a criterion to evaluate the discriminating
performance in the final ion set selecting means comprises a third criterion according to which
a combination of the candidate low-mass ions is selected, if a difference between the lowest
discriminant score of true positive cases and the highest discriminant score of true negative
cases thereof is greater than any other combinations in a comparison group, wherein the
discriminant score is computed based on the scaled peak intensities of the candidate low-mass

ions and the associated factor loadings, and indicative of CRC positive or negative.

63. The apparatus of claim 62, wherein the final ion set selecting means comprises:

an ion classifying module which classifies the candidate low-mass ions into a high
sensitivity set {Sns1, Sns2, Sns3 ... Snsl} which includes a high sensitivity low-mass ions with
sensitivity exceeding the specificity and arranges the high sensitivity low-mass ions in a
descending order of the sum of the sensitivity and the specificity, and a high specificity set
{Spcl, Spc2, Spc3 ... Spcl} which includes a high specificity low-mass ions and arranges the
high specificity low-mass ions in a descending order of the sum of the sensitivity and the

specificity;

a pre-selecting module which selects a biomarker group with a combination selected
from candidate combinations of two or more low-mass ions from L upper high sensitivity low-
mass ions {Sns1, Sns2, Sns3 ... SnsL} and L upper high specificity low-mass ions {Spcl, Spc2,
Spc3 ... Spcl}, if the combination meets one or more of the first, second and third criteria for

evaluating the discriminating performance;

a re-selecting module which re-selects the group of low-mass ions with a combination

selected from among the group of low-mass ions and candidate combinations in which one or
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more low-mass ions from M next upper high sensitivity low-mass ions and M next upper high
specificity low-mass ions are added to the group of low-mass ions, if the combination meets

one or more of the first, second and third criteria; and

a final group of low-mass ions selecting module which finalizes the selection of the
group of low-mass ions after repeating the re-selecting until there are no next upper low-mass

ions left in the high sensitivity set or the high specificity set.

64. The apparatus of claim 63, wherein the final ion set selecting means further

comprises:

a biomarker group additional selection module which selects additional biomarker
group by repeating pre-selecting, reselecting, and final selecting process of the biomarker
group with respect to the candidate ion set excluding the group of low-mass ions finalized by
the biomarker group additional selection module, until there are less than L low-mass ions left

in the high sensitivity set or the high specificity set; and

a final CRC-diagnosing low-mass ion selecting module which selects a combination
of low-mass ions of top K biomarker groups in terms of accuracy from among the biomarker

group and the additional biomarker groups.

65. The apparatus of claim 64, wherein Lis2, Mis I, Kis I, 2 or 3.

66. The apparatus of claim 53, wherein the final ion set selecting means performs

a low-mass ion selecting process with respect to a training set enlarged by adding a second
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training set, independent of the first training set, to the first training set.

67. The cancer diagnosing appararus comprises; low-mass ion detecting unit
extracts the mass spectra of the low-mass ions by detecting peak intensities having mass of
biological materials from a plurality of BCR patients and normal subjects with cancer and
normal subjects equals to or greater than 38.9736, equals to or less than 1466.5971 m/z (margin

of error: £0.1 m/z); and;

a cancer diagnosing unit which compares and analyzes patterns of mass spectra and

diagnoses cancer comprising; and

The cancer diagnosing unit comprises,

a first aligning means which aligns the low-mass ion mass spectra of the BCR patients

and the normal subjects of a candidate training set,

a first discriminant score computing means which computes a discriminant score by

performing biostatistical analysis with respect to the mass spectra as aligned,

factor loadings computing means which computes sensitivity and specificity according
to the discriminant score and computes factor loadings by selecting a first training set based on

the result,

a BCR diagnosing ion selecting means which selects low-mass ions for BCR diagnosis
from the candidate low-mass ions meeting a condition for candidate, based on a discriminating

performance thereof,

a second aligning means which aligns the low-mass ion mass spectra of the biological

samples for interpretation with the first training set;
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a second discriminant score computing means which computes a discriminant score
based on a peak intensity of the low-mass ions for interpretation and the factor loading value;

and

a BCR determining means which determines the subject for interpretation to be

positive or negative of BCR depending on the discriminant score, in which

the BCR diagnosing ion selecting means classifies the plurality of BCR patients and

the normal subjects into first cases, or

classifies the plurality of BCR patients and the normal subjects into second cases
comprising a plurality of BCR patients and a plurality of non-BCR subjects, and third cases

comprising BCR patients and non-BCR patients, and
as the first, second and third cases are executed, respectively,

the low-mass ions for screening BCR are classified into low-mass ions for first BCR
screen'ing with respect to the first cases, second low-mass ions for second BCR screening with
respect to the second cases, and third low-mass ions for third BCR screening with respect to

the third cases.

68. The apparatus of claim 67, wherein the non-BCR patients of the first cases
comprise one or more of a patient group of normal subjects, a CRC patient group, a NHL
patient group with non-Hodgkin lymphoma (NHL) and a GC patient group, and the mass of
the low-mass ions for first BCR screening is one or more selected from a group consisting of:
74.0937, 74.1155, 76.0728, 136.1067, 173.4872, 193.0665, 208.0565, 212.0949, 231.0726,

258.1364,279.0841,280.0847,282.2777,313.2638, 331.2024, 332.3181, 401.0588, 427.3441,
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432.9954, 452.2269, 476.6038, 490.3427, 498.3237, 499.3265, 512.3145, 562.3074, 583.2323,

584.2415, 646.3851 m/z (margin of error: £0.1 m/z).

69. The apparatus of claim 67, wherein the mass of the low-mass ions for second
BCR screening is one or more selected from a group consisting of: 38.9779, 46.0647, 74.1164,
76.0733, 97.0686, 122.0777, 123.0821, 130.1539, 185.7723, 191.1175, 208.0530, 212.0960,
225.1870, 229.0005, 231.0675, 244.0962, 281.0913, 284.3205,313.2618, 332.3150, 342.2482,
368.2624,398.3034, 416.0901, 424.3216, 426.3389, 428.1885,497.3194, 513.3193, 532.6918,
538.3428, 540.3250, 570.3234, 580.3281, 581.2310, 581.3377,610.3273, 616.3286, 618.3352,

646.3959, 725.3469, 757.1117 m/z (margin of error: +0.1 m/z).

70. The apparatus of claim 67, wherein the non-BCR patients of the third cases
comprise one or more of a CRC patient group, a patient group with non-Hodgkin lymphoma
(NHL) and a GC patient group, and the mass of the low-mass ions for third BCR screening is
one or more selected from a group consisting of: 38.9736, 38.9892, 44.0491, 44.0656, 74.0938,
87.0991, 104.1316, 104.3161, 105.1091, 136.1021, 155.1798, 156.0412, 172.3072, 178.1330,
182.0738, 189.9525, 192.1294, 193.0660, 196.0871,212.3221,217.0923, 222.0231, 228.0348,
231.0726,234.0422,260.1013, 279.0843, 280.0849, 282.2791, 289.2960, 298.3425, 313.2630,
316.3269, 331.2036, 332.3169, 333.3233, 337.1047, 424.3272, 426.3406, 432.9948, 433.9894,
446.0196, 454.3014, 469.2924, 478.8688, 479.8724, 480.3180, 483.3301, 487.3152, 488.3287,
488.6580, 496.4331,496.7718, 497.7764, 502.8741, 511.3367, 518.8776, 520.8826, 534.2829,
535.2882, 542.8770, 544.7878, 544.8728, 546.3358, 559.2911, 568.1146, 583.2284, 731.3330,

733.3526, 734.3563, 735.3665, 757.0995, 757.3512, 1465.5872, 1466.5971 m/z (margin of
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error: £0.1 m/z).

71. The apparatus of claim 67, wherein the discriminant score is a first class
discriminant score based on the first class low-mass ions, in which the subject for interpretation
is determined to be positive of BCR if the discriminant score is greater than BS1i, or determined

to be negative of BCR if the discriminant score is less than BS2.

72. The apparatus of claim 71, wherein BS{; and BS12 are 0, respectively.

73. The apparatus of claim 67, wherein the discriminant score comprises a second
class discriminant score based on the second class low-mass ions and a third class discriminant

score based on the third class low-mass ions, in which

the subject for interpretation is determined to be positive of BCR, if the second class
discriminant score is greater than BS;; and the third class discriminant score is greater than

BSsy, or

determined to be negative of BCR, if the second class discriminant score is less than

BS2 or the third class discriminant score is less than BSa;.

74. The apparatus of claim 73, wherein BSz1, BS22, BS31 and BSs; are 0,

respectively.
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75. The apparatus of claim 67, wherein the first discriminant score computing

means comprises:

a normalizing module which normalizes the peak intensities of the low-mass ion mass

spectra of the candidate training set;

a scaling module which scales the normalized peak intensities; and

a discriminant score computing module which computes the discriminant score by

performing the biostatistical analysis with respect to the scaled peak intensities.

76. The apparatus of claim 75, wherein the scaling module performs Pareto

scaling.

77. The apparatus of claim 75, wherein the discriminant score computing module
performs the biostatistical analysis using a principal component analysis-based linear

discriminant analysis (PCA-DA).

78. The apparatus of claim 77, wherein the discriminant score computing module
computes the discriminant score using both the factor loadings acquired by the PCA-DA and

the scaled peak intensities.

79. The apparatus of claim 75, wherein the factor loading computing means

comprises a first training set selecting means which performs biostatistical analysis with
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respect to the aligned mass spectra and selects training cases that meet a condition for training
from among the BRC patients and the non-BRC subjects based on the result of the biostatistical

analysis, and computes the factor loadings based on the first training set.

80. The apparatus of claim 79, wherein the first training set selecting means sets
the first training set with the patients with BRC and the non-BRC subjects, if the resuit of the
biostatistical analysis indicates that the sensitivity equals to or is greater than a threshold (N),

and the specificity equals to or is greater than a threshold (N2).

8l1. The apparatus of claim 80, wherein the thresholds (N1, N2) are 1, respectively.

82. The apparatus of claim 67, wherein the second discriminant score computing

means comprises:

anormalizing module which normalizes the peak intensities of the biological materials

for cancer screening;

a scaling module which scales the normalized peak intensities in the normalizing

module; and

a discriminant score computing module which computes the discriminant score based

on the scaled peak intensities and the factor loadings in the scaling module.

83. The apparatus of claim 82, wherein the scaling module performs Pareto
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scaling.

84. The apparatus of claim 82, wherein the discriminant score computing module
computes the discriminant score based on the scaled peak intensities of the low-mass ions for

BRC screening and the associated factor loadings.

85. The apparatus of claim 67, wherein the cancer determining means determines
the subject for cancer screening to be BRC positive or negative depending on the discriminant
score, in which the cancer determining means determines BRC positive if the discriminant
score of the subject for cancer screening is greater than the threshold (S), or determines BRC

negative if the discriminant score of the subject for cancer screening is less than the threshold

(S).

86. The apparatus of claim 85, wherein the threshold(S) is 0.

87. The apparatus of claim 67, wherein the cancer determining means determines
the BRC information of the subject for cancer screening based on an average of a plurality of
the discriminant scores which are computed with respect to a plurality of low-mass ion mass

spectra obtained as a result of repeatedly measuring the biological sample for cancer screening.

88. The apparatus of claim 79, wherein the BRC-diagnosing ion selecting means
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comprises:

a candidate ion set selecting means which selects a candidate ion set with candidate

low-mass ions that meet a condition for candidate from the first training set; and

a final ion set selecting means which selects a final ion set with low-mass ions for
cancer screening based on individual or combinational discriminating performance of the

candidate low-mass ions of the candidate ion set.

89. The apparatus of claim 88, wherein the candidate ion set selecting means
comprises a first low-mass ion selecting module which selects first low-mass ions for each
training case, if a product of multiplying the peak intensity of each low-mass ion by the

associated factor loading is greater than a threshold (T1).

90. The apparatus of claim 89, wherein the threshold (T1) is 0.1.

91. The apparatus of claim 89, wherein the candidate ion set selecting means
comprises a candidate ion set pre-selecting module which selects the candidate ion set with
second low-mass ions present commonly in cases above a threshold percent (T2) from among

the first low-mass ions.

92. The apparatus of claim 91, wherein the threshold (T2) is 50.
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93. The apparatus of claim 91, wherein the candidate ion set selecting means

further comprises:

a sensitivity and specificity computing module which computes a discriminant score,
indicative of whether each of the training cases is BRC positive or negative using the second
low-mass ions, and computes sensitivity and specificity according to the discriminant score;

and

a final candidate ion set selecting module which changes at least one from among the
thresholds (BT1, BT2) if the sensitivity is less than a threshold (BN3) or the specificity is less
than a threshold (BN4), and reselects the first low-mass ion and the second low-mass ion and
computes the sensitivity and specificity using the reselected first and the second low-mass ions

by repeating comparing process with the threshold.

94. The apparatus of claim 93, wherein the thresholds (N3 ,N4) are 0.9,

respectively.

95. The apparatus of claim 88, wherein a criterion to evaluate the discriminating
performance in the final ion set selecting means comprises a first criterion according to which
a low-mass ion is selected if a sum of the sensitivity and the specificity thereof equals to or is
greater than a threshold, or a combination of the candidate low-mass ions is selected if a sum
of the sensitivity and the specificity thereof is greater than any other combinations in a

comparison group.
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96. The apparatus of claim 95, wherein a criterion to evaluate the discriminating
performance in the final ion set selecting means comprises a second criterion according to
which a combination of a least number of low-mass ions is selected from among the

combinations of the candidate low-mass ions in a comparison group.

97. The apparatus of claim 96, wherein a criterion to evaluate the discriminating
performance in the final ion set selecting means comprises a third criterion according to which
a combination of the candidate low-mass ions is selected, if a difference between the lowest
discriminant score of true positive cases and the highest discriminant score of true negative
cases thereof is greater than any other combinations in a comparison group, wherein the
discriminant score is computed based on the scaled peak intensities of the candidate low-mass

ions and the associated factor loadings, and indicative of BRC positive or negative.

98. The apparatus of claim 97, wherein the final ion set selecting means comprises:

an ion classifying module which classifies the candidate low-mass ions into a high
sensitivity set {Sns1, Sns2, Sns3 ... Snsl} which includes a high sensitivity low-mass ions with
sensitivity exceeding the specificity and arranges the high sensitivity low-mass ions in a
descending order of the sum of the sensitivity and the specificity, and a high specificity set
{Spcl, Spc2, Spc3 ... Spcl} which includes a high specificity low-mass ions and arranges the
high specificity low-mass ions in a descending order of the sum of the sensitivity and the

specificity;

a pre-selecting module which selects a biomarker group with a combination selected

from candidate combinations of two or more low-mass ions from
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L upper high sensitivity low-mass ions {Snsl1, Sns2, Sns3 ... SnsL} and L upper high

specificity low-mass ions {Spcl, Spc2, Spc3 ... SpcL}, if the combination meets one

or more of the first, second and third criteria for evaluating the discriminating performance;

a re-selecting module which re-selects the group of low-mass ions with a combination
selected from among the group of low-mass ions and candidate combinations in which one or

more low-mass ions from M next upper high sensitivity low-mass ions and

M next upper high specificity low-mass ions are added to the group of low-mass ions,

if the combination meets one or more of the first, second and third criteria; and

a final group of low-mass ions selecting module which finalizes the selection of the
group of low-mass ions after repeating the re-selecting until there are no next upper low-mass

ions left in the high sensitivity set or the high specificity set.

99. The apparatus of claim 98, wherein the final ion set selecting means further

comprises:

a biomarker group additional selection module which selects additional biomarker
group by repeating pre-selecting, reselecting, and final selecting process of the biomarker
group with respect to the candidate ion set excluding the group of low-mass ions finalized by
the biomarker group additional selection module, until there are less than L low-mass ions left

in the high sensitivity set or the high specificity set; and

a final BRC-diagnosing low-mass ion selecting module which selects a combination
of low-mass ions of top K biomarker groups based on analyzing accuracy of the true positive

and the true negative from among the biomarker group and the additional biomarker groups.
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100.  The apparatus of claim 99, wherein Lis 2, M is 1, K is 1, 2 or 3.

101.  The apparatus of claim 88, wherein the final ion set selecting means performs
a low-mass ion selecting process with respect to a training set enlarged by adding a second

training set, independent of the first training set, to the first training set.

102.  alow-mass ion detecting unit which detects the peak intensity having mass of
biological materials from a plurality of GC patients and normal subjects with cancer and normal

subjects equals to or greater than 18.0260, equals to or less than 2452.9546 m/z; and

a cancer diagnosing unit which compares and analyzes patterns of mass spectra and

diagnoses cancer comprising; and

the cancer diagnosing unit comprises;

a first aligning means which aligns the low-mass ion mass spectra of the GC patients

and the normal subjects of a candidate training set;

a first discriminant score computing means which computes a discriminant score by

performing biostatistical analysis with respect to the mass spectra as aligned;

factor loadings computing means which computes sensitivity and specificity according
to the discriminant score and computes factor loadings by selecting a first training set based on

the result;

a GC-diagnosing ion selecting means which selects low-mass ions for GC screening

from the candidate low-mass ions meeting a condition for candidate, based on a discriminating
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performance thereof;

a second aligning means which aligns the low-mass ion mass spectra of the biological

samples for interpretation with the first training set;

a second discriminant score computing means which computes a discriminant score
based on a peak intensity of the low-mass ions for interpretation and the factor loading value;

and

a GC-determining means which determines the subject for interpretation to be positive

or negative of GC depending on the discriminant score, in which

the GC-diagnosing ion selecting means classifies the plurality of GC patients and the
normal subjects into a first class comprising a plurality of GC patients and a plurality of normal
subjects, a second class comprising the plurality of GC patients and a plurality of CRC patients,
a third class comprising the plurality of GC patients and a plurality of BCR patients, and a

fourth class comprising the plurality of GC patients and a plurality of NHL patients, or

classifies the plurality of GC patients and the non-GC subjects into the first class and
a fifth class comprising the plurality of GC patients and the normal subjects, and a plurality of

CRC patients, BCR and NHL subjects, and

as the first, second, third, fourth and fifth cases are executed, respectively,

the low-mass ions for GC screening are classified into low-mass ions for first GC
screening with respect to the first cases, second low-mass ions for second GC screening with
respect to the second cases, third low-mass ions for third GC screening with respect to the third
cases, fourth low-mass ions for third GC screening with respect to the third cases, and fifth

low-mass ions for third GC screening with respect to the third cases.
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103.  The apparatus of claim 102, wherein the mass of the low-mass ions for first
GC screening is one or more selected from a group consisting of: 22.9851, 87.0959, 123.0842,
314.2151,324.1365, 366.2424, 488.6538, 490.3374, 526.3426, 532.3719, 576.2893, 606.2658,

616.1397, 1466.5612 m/z (margin of error: +0.1 m/z).

104.  The apparatus of claim 102, wherein the mass of the low-mass ions for second
GC screening is one or more selected from a group consisting of: 18.0260, 22.9830, 38.9752,
72.0788, 86.1216, 122.0584, 137.0721, 144.1092, 156.0171, 172.3740, 172.6583, 207.0729,
265.2034,356.1278, 380.1643, 381.0949, 401.0680, 431.9882, 442.3197, 445.0278, 458.3228,
489.3564, 489.5293, 490.2775, 490.3586, 525.3611, 528.3633, 535.2970, 553.3205, 557.4392,
584.2675, 585.2726, 587.2805, 710.3687, 946.4028, 1466.6433 m/z (margin of error: £0.1

m/z).

105.  The apparatus of claim 102, wherein the mass of the low-mass ions for third
GC screening is one or more selected from a group consisting of: 22.9852, 74.0764, 104.1387,
105.1157, 106.0555, 148.0788, 173.4924, 176.1198, 184.1123,212.1032, 217.9461, 226.0798,
228.0046,284.3291, 299.1308, 299.3423, 314.2316, 338.1143, 377.0710, 387.9830, 426.3417,
427.3321,430.3313, 432.9929, 456.2963, 459.2425, 480.3312, 481.3399, 482.3368, 487.3295,
488.3316, 490.3400, 496.8846, 506.9148, 509.3577, 532.3532, 534.2973, 535.3013, 537.3199,
550.3255,560.3121, 562.3203, 574.3090, 580.3417, 583.2274, 584.2345, 584.3355, 585.2423,

600.3366, 616.1446 m/z (margin of error: £0.1 m/z).
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106.  The apparatus of claim 102, wherein the mass of the low-mass ions for fourth
GC screening is one or more selected from a group consisting of: 18.0264, 22.9798, 23.0539,
38.9638, 38.9937, 46.0666, 86.1328, 112.0850, 123.0738, 129.0710, 155.1762, 164.0701,
165.0955, 175.1219, 176.1298, 178.1388, 179.1466, 192.1245,201.2036,204.1077, 212.3577,
213.0575,229.0033,232.0822,234.0749, 235.0331, 240.0907, 251.9799, 274.0827, 284.3265,
314.2277,326.3916,383.0532,417.0381,429.3172,430.3169, 434.2556, 456.3015, 459.2257,
460.9913, 489.3314, 490.3361, 491.3348, 532.2725, 534.2841, 569.3303 m/z (margin of error:

+0.1 m/z).

107.  The apparatus of claim 102, wherein the mass of the low-mass ions for fifth
GC screening is one or more selected from a group consisting of: 38.9674, 76.0758, 123.0414,
156.0432, 163.1135, 164.0712, 184.1062, 184.1375, 190.1141, 193.0672, 215.0444, 228.0389,
230.0004,256.3291, 257.2950, 265.9579, 267.9562, 289.2849, 295.1666, 301.1386, 315.2230,
330.2485, 342.2497, 346.2809, 368.2644, 369.2702, 370.2806, 371.2848, 396.0400, 412.1977,
428.1904, 442.3155, 443.2100, 445.0283, 498.3276, 510.2755, 511.3414, 513.3220, 530.3908,
532.2863, 548.3441, 552.3114, 553.3178, 571.3341, 573.2402, 584.2661, 666.3899, 683.3451,
684.3511, 708.3570, 711.3711, 723.3455, 725.3580, 726.3760, 741.3357 m/z (margin of error:

+0.1 m/z).

108.  The apparatus of claim 102, wherein the discriminant score comprises a first
class discriminant score based on the first class low-mass ions for GC screening, a second class
discriminant score based on the second class low-mass ions for GC screening, a third class

discriminant score based on the third class low-mass ions for GC screening, and a fourth class
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discriminant score based on the fourth class low-mass ions for GC screening, in which

the subject for interpretation is determined to be positive of GC if the first class discriminant
score is greater than GS11, and the second class discriminant score is greater than GS21, the
third class discriminant score is greater than GS31, and the fourth class discriminant score is

greater than GS41,

or the subject for interpretation is determined to be negative of GC if the first class discriminant
score is less than GS12, or the second class discriminant score is less than GS22, or the third
class discriminant score is less than GS32, or the fourth class discriminant score is less than

GS42.

109.  The apparatus of claim 108, wherein GS11, GSi12, GS21, GS22, GS31, GS32 GS44

and GS42 are 0, respectively.

110.  The apparatus of claim 102, wherein the discriminant score comprises the first
class discriminant score based on the first class low-mass ions for GC screening and the fifth

class discriminant score based on the fifth class low-mass ions for GC screening, in which

the subject for interpretation is determined to be positive of GC if the first class
discriminant score is greater than GS11, and the fifth class discriminant score is greater than

GS51,

or the subject for interpretation is determined to be negative of GC if the first class discriminant

score is less than GS12, or the fifth class discriminant score is less than GS52.
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111. The apparatus of claim 110, wherein GSii, GSi2, GSs1 and GSsz are 0,

respectively.

112.  The apparatus of claim 102, wherein the first discriminant score computing

means COI’an’iSCSI

a normalizing module which normalizes the peak intensities of the low-mass ion mass

spectra of the candidate training set;

a scaling module which scales the normalized peak intensities in the normalizing

module; and

a discriminant score computing module which computes the discriminant score by
performing the biostatistical analysis with respect to the scaled peak intensities in the scaling

module.

113.  The apparatus of claim 112, wherein the scaling module performs Pareto

scaling.

114.  The apparatus of claim 112, wherein the discriminant score computing module
performs the biostatistical analysis using a principal component analysis-based linear

discriminant analysis (PCA-DA).

115.  The apparatus of claim 114, wherein the discriminant score computing module
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computes the discriminant score using both the factor loadings acquired by the PCA-DA and

the scaled peak intensities.

116.  The apparatus of claim 112, wherein the factor loading computing means
comprises a first training set selecting means which performs biostatistical analysis with
respect to the aligned mass spectra and selects training cases that meet a condition for training
from among the GC patients and the non-GC subjects based on the result of the biostatistical

analysis, and computes the factor loadings based on the first training set.

117.  The apparatus of claim 116, wherein the first training set selecting means sets
the first training set with the GC patients and the non-GC subjects, if the result of the
biostatistical analysis indicates that the sensitivity equals to or is greater than a threshold (N1),

and the specificity equals to or is greater than a threshold (N2).

118.  The apparatus of claim 117, wherein the thresholds (N1, N2) are 1, respectively.

119.  The apparatus of claim 102, wherein the second discriminant score computing

means comprises:

a normalizing module which normalizes the peak intensities of the biological materials

for cancer screening;

a scaling module which scales the normalized peak intensities in the normalizing
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module; and

a discriminant score computing module which computes the discriminant score based

on the scaled peak intensities and the factor loadings in the scaling module.

120.  The apparatus of claim 119, wherein the scaling module performs Pareto

scaling.

121.  The apparatus of claim 119, wherein the discriminant score computing module
computes the discriminant score based on the scaled peak intensities of the low-mass ions for

GC screening and the associated factor loadings.

122.  The apparatus of claim 102, wherein the cancer determining means determines
the subject for cancer screening to be GC positive or negative depending on the discriminant
score, in which the cancer determining means determines GC positive if the discriminant score
of the subject for cancer screening is greater than the threshold (S), or determines GC negative

if the discriminant score of the subject for cancer screening is less than the threshold (S).

123.  The apparatus of claim 122, wherein the threshold(S) is 0.

124.  The apparatus of claim 102, wherein the cancer determining means determines

the GC information of the subject for cancer screening based on an average of a plurality of
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the discriminant scores which are computed with respect to a plurality of low-mass ion mass

spectra obtained as a result of repeatedly measuring the biological sample for cancer screening.

125.  The apparatus of claim 116, wherein the GC-diagnosing ion selecting means

comprises:

a candidate ion set selecting means which selects a candidate ion set with candidate

low-mass ions that meet a condition for candidate from the first training set; and

a final ion set selecting means which selects a final ion set with low-mass ions for
cancer screening based on individual or combinational discriminating performance of the

candidate low-mass ions of the candidate ion set.

126.  The apparatus of claim 125, wherein the candidate ion set selecting means
comprises a first low-mass ion selecting module which selects first low-mass ions for each
training case, if a product of multiplying the peak intensity of each low-mass ion by the

associated factor loading is greater than a threshold (T1).

127.  The apparatus of claim 126, wherein the threshold (T) is 0.1.

128.  The apparatus of claim 126, wherein the candidate ion set selecting means
comprises a candidate ion set pre-selecting module which selects the candidate ion set with

second low-mass ions present commonly in cases above a threshold percent (T2) from among
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the first low-mass ions.

129.  The apparatus of claim 128, wherein the threshold (T2) is 50.

130.  The apparatus of claim 128, wherein the candidate ion set selecting means

further comprises:

a sensitivity and specificity computing module which computes a discriminant score,
indicative of whether each of the training cases is GC positive or negative using the second
low-mass ions, and computes sensitivity and specificity according to the discriminant score;

and

a final candidate ion set selecting module which changes at least one from among the
thresholds (GT1, GT?2) if the sensitivity is less than a threshold (GN3), or the specificity is less
than a threshold (GN4), and re-selects the first low-mass ions and the second low-mass ions,
and computes sensitivity and specificity using the first and the second low-mass ions and

selects the candidate ion set by repeating comparing process with the threshold.

131.  The apparatus of claim 130, wherein the thresholds (N3, N4) are 0.9,

respectively.

132.  The apparatus of claim 125, wherein a criterion to evaluate the discriminating

performance in the final ion set selecting means comprises a first criterion according to which
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a low-mass ion is selected if a sum of the sensitivity and the specificity thereof equals to or is
greater than a threshold, or a combination of the candidate low-mass ions is selected if a sum
of the sensitivity and the specificity thereof is greater than any other combinations in a

comparison group.

133.  The apparatus of claim 132, wherein a criterion to evaluate the discriminating
performance in the final ion set selecting means further comprises a second criterion according
to which a combination of a least number of low-mass ions is selected from among the

combinations of the candidate low-mass ions in a comparison group.

134.  The apparatus of claim 133, wherein a criterion to evaluate the discriminating
performance in the final ion set selecting means comprises a third criterion according to which
a combination of the candidate low-mass ions is selected, if a difference between the lowest
discriminant score of true positive cases and the highest discriminant score of true negative
cases thereof is greater than any other combinations in a comparison group, wherein the
discriminant score is computed based on the scaled peak intensities of the candidate low-mass

ions and the associated factor loadings, and indicative of GC positive or negative.

135.  The apparatus of claim 134, wherein the final ion set selecting means

comprises:

an ion classifying module which classifies the candidate low-mass ions into a high

sensitivity set {Sns1, Sns2, Sns3 ... Snsl} which includes a high sensitivity low-mass ions with
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sensitivity exceeding the specificity and arranges the high sensitivity low-mass ions in a
descending order of the sum of the sensitivity and the specificity, and a high specificity set
{Spcl, Spc2, Spc3 ... Spcl} which includes a high specificity low-mass ions and arranges the
high specificity low-mass ions in a descending order of the sum of the sensitivity and the

specificity;

a pre-selecting module which selects a biomarker group with a combination selected

from candidate combinations of two or more low-mass ions from
L upper high sensitivity low-mass ions {Sns1, Sns2, Sns3 ... SnsL} and L upper high

specificity low-mass ions {Spcl, Spc2, Spc3 ... SpcL}, if the combination meets one

or more of the first, second and third criteria for evaluating the discriminating performance;

a re-selecting module which re-selects the group of low-mass ions with a combination
selected from among the group of low-mass ions and candidate combinations in which one or

more low-mass ions from M next upper high sensitivity low-mass ions and

M next upper high specificity low-mass ions are added to the group of low-mass ions,

if the combination meets one or more of the first, second and third criteria; and

a final group of low-mass ions selecting module which finalizes the selection of the
group of low-mass ions after repeating the re-selecting until there are no next upper low-mass

ions left in the high sensitivity set or the high specificity set.

136.  The apparatus of claim 135, wherein the final ion set selecting means further

comprises:
an additional group of low-mass ions selecting module which selects additional groups
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of low-mass ions by repeating the biomarker group pre-selecting, reselecting, and final
selecting process to select the group of low-mass ions with respect to the candidate ion set
excluding the group of low-mass ions finalized by the final group of low-mass ions selecting
module, until there are less than L low-mass ions left in the high sensitivity set or the high

specificity set; and

a final GC-diagnosing low-mass ion selecting module which selects a combination of
low-mass ions of top K groups of low-mass ions based on analyzing accuracy of the true
positive and the true negative from among the group of low-mass ions and the additional groups

of low-mass ions.

137.  The apparatus of claim 136, wherein Lis 2, M is 1, K is I, 2 or 3.

138.  The apparatus of claim 125, wherein the final ion set selecting means performs
a low-mass ion selecting process with respect to a training set enlarged by adding a second

training set, independent of the first training set, to the first training set.
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