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ABSTRACT —— Objective. We herein report the comprehensive genome profiles obtained by next-generation se-
quencing (MINtS) using cytological samples (following cell samples) in our hospital. Method. After having regis-
tered various kinds of cell samples gathered by examinations performed for cases suspected of being lung cancer
at our hospital with the North East Japan Study Group 021 A study, we sent the samples to a genetic testing facil-
ity. Analyses of EGFR, KRAS, BRAF, and HER2 gene mutations were performed, and ALK, RET, and ROSI1 fu-
sion was done. Results. The 1298 samples sent to the facility from December 2015 to June 2019 were all cell sam-
ples. The most common EGFR gene mutation was lung adenocarcinoma, which was found in 164 (27.2%) out of
602 samples. The EGFR mutation was more found in 97 (48%) samples with never smoker and in 97 (47%) samples
with female, significantly (P<<0.01). The KRAS gene mutation was found in 89 samples (15%), and 1 was more
found in 72 samples (20%), significantly (P<0.01). The Cobas® EGFR Mutation Test version 2.0 of the available
EGFR genetic test was performed in 380 patients with lung adenocarcinoma, and the positive conformity ratio
was 82.6%, with a negative coincidence rate of 95.2% for MINtS. Conclusion. These findings suggest that MINtS
performed using cell samples, which are easier to acquire than tumor tissue, is a promising comprehensive gene
variation laboratory procedure for next-generation sequencing in lung cancer patients.
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Table 1.

The Correlation Between the DNA and RNA Quality, and Time to the Addition of

RNA Solution, Cytology and Sample Type in All Samples of MINtS (N =1298)

DNA RNA
good poor bad good poor bad

Time to the addition 10 min. 999 90 19 1051 4 53
of RNA solution 15 min. 101 11 13 122 0 3
>20 min. 58 5 2 62 0 3
Cytology Negative 401 34 11 421 2 23
Suspicious 308 31 9 335 0 13
Malignancy 449 41 14 479 2 23
Sample type TBB washing 1007 88 18 1055 4 54
TBNA washing 74 7 0 79 0 2
PCNB washing 33 2 11 43 0 3
Pleural effusion 27 5 3 35 0 0
Pleural biopsy washing 16 3 0 19 0 0
Pericardial effusion 1 1 2 4 0 0
Total 1158 106 34 1235 4 59

(%)

89) 8.1 (2.6) (95) 0.3) 4.5)

TBB: transbronchial biopsy, TBNA: transbronchial needle aspiration, PCNB: percutaneous needle biopsy

Table 2. Genomic Alterations of MINtS in All Samples (N =1298, *: N=1094)

DNA RNA
MINtS mutations fusions

EGFR KRAS BRAF HER2* ALK RET ROS1
Positive 185 124 16 4 17 4 5
(%) (14) 9.6) (1.2) 0.4) (1.3 0.3 0.4)
Negative 1045 1138 1222 1043 1222 1235 1234
(%) (80) (83) (94) (95) (94) (95) (95)
No test 68 36 60 47 59 59 59
(%) (5.2) 2.8) (4.6) 4.2) 4.5) 4.5) 4.5)

fRE AT B X OIRIHE - 72,
6) #EtHE

i #E W o ek iE, Prism 7 (GraphPad Software fL#) (2
XA TIRREICL DTV, HEAEE P<005 & L7

S

1) MINtS D&k
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3R MR W (s T A T, B T
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WCHBELTEZEICET LTw (p<001). MRRR o
MINtS O #AH (5 T AT % Table4 ISR3. 22T
i, M7k o> EGFR #ifn T-28 5855 35 %k 10 41 (29%) &
IR AN B o 72,
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M BECAT L7z MINtS OHRERIE (BRE) 2B 53
W D NERE,  IEH XE R B o RE B E (Befk ) 25 118
(122) <, MiJa%ev1Z 89 (89), fhliEzFdHaix 71 (77),
Jili i & 555 (602), Ml ~F L2 1 235 (255), & ofl
DIE/NHITIRE X 57 (59), /NHIIMRE X 92 (94) T,
421217 (1298) TdH - 72. £ B Wi MINLS O AHE
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Table 3. The Correlation Between Cytology and Genomic Alterations of MINtS in All Samples

(N=1298, *N =1094)

DNA RNA
Cytology All mutations fusions
EGFR KRAS BRAF HER2* ALK RET ROS1
Negative 446 (%) 38 85)f 20 (45)F 3(0.7) 1(0.2) 3(0.7) 2(04) 0
Suspicious 348 (%) 53 (15) 38 (11) 4 (1.1) 1(0.3) 309 1(0.3) 2 (0.6)
Positive 504 (%) 95 (19) 66 (13) 9 (1.8) 2 (0.4) 11 (2.2 1(0.2) 3 (0.6)
T:<0.01

Table 4. The Correlation Between Sample Types and Genomic Alterations in All Samples of MINtS (N =1298,

*N =1094)
DNA RNA
mutations fusions

Sample types ALL EGFR KRAS BRAF HER2* ALK RET ROS1
TBB washing 1113 (%) 167 (15) 103 (9. 13 (1.2) 4 (04) 10 (0 8) 3(0.3) 3(0.3)
TBNA washing 81 (%) 6 (7.4) 8 (9. 0 0 5.0) 1(1.2) 1(1.2)
PCNB washing 46 (%) 122 3 (6. 122 0 1 (2 2) 0 0
Pleural effusion 35 (%) 10 (29) 3 (8. 129 0 129 0 129
Pleural biopsy washing 19 (%) 1(.2) 3 (16) 0 0 0 0 0
Pericardial effusion 4 (%) 0 0 0 0 0 0 0

TBB: transbronchial biopsy, TBNA: transbronchial needle aspiration, PCNB: percutaneous needle biopsy

Table 5. The Correlation Between Disease Types and Genomic Alterations in All Samples of MINtS

(N=1298, *N=1094)

DNA RNA
mutations fusions

Disease types ALL EGFR KRAS BRAF HER2* ALK RET ROS1
N/B 122 (%) 0 0 0 0 0 1(0.8) 0
Other carcinoma 77 (%) 0 5 (6.5) 11.3) 0 0 0 0
s/o LC 89 (%) 7(79) 6 (6.7) 222 0 0 2(22) 0
Lung Ad 602 (%) 164 (27) 89 (15) 11 (1.8) 3(0.5) 9 (15 3(0.5) 4(0.7)
Lung SCC 255 (%) 5 (2.0 12 4.7) 0 0 3(1.2) 0 0
Other NSCLC 59 (%) 2(34) 7 (12) 2(34) 1(17) 1(L7) 0 0
SCLC 94 (%) 332 1(L.0) 0 0 332 0 1 (L.0)

N/B: normal or benign, s/o LC: suspected of being lung carcinoma, Ad: adenocarcinoma, SCC: squamous cell

carcinoma, NSCLC: non-small-cell lung carcinoma, SCLC: small-cell lung carcinoma

% Table 5 1277 F . EGFR #fn T2 %1%, MilE kb %
< 602 v 164 (272%) <, MFEDNGHE IZEBITH - 7-.
KRAS {5 T 2RI T B HliIRRE A3 D % < 602
89 (15%) T, Mika P LRzsEAs 12 (4.7%), AbFE o i 1%
HBITH -7z, 1T RO CHEIR TR 5
N72DE RET #IET-D 1 BIOARTH - 72.
4) FRFEERE OBEKRKEZETF & MINtS ORERZR
E DB

Jili i 0 RE B 850 555 Bl C, A RRIRIS L AZ K 1 &
MINtS O A fl 5 & D B #R % Table 6 1277 3. EGFR

Japanese Journal of Lung Cancer—Vol 62, No 3, Jun 20, 2022—www.haigan.gr.jp

BIZFERIZOWTIE, KET47% &% < (P<00D),
FEWIINE D 48% TE A - 72 (P<0.01). KRAS #InT%4
FLIZOWTIE, BUH A5 20% CTIEBME D 83% L 0 A
W&o 72 (P<001).
5) MIREREICH T ITHRREICLDIBEFHREDRE
REDHE:
Table 7 T/R9 Y, EGFR #E s T-HAD 3 /85 X ver
2.0 &, MR 380 JEFITIT b, BEEF AT 132, &

PEFE A 248 T, =% 34.7% ’C“%o 7z, [FHERITITH
L7z MINtS & D& EE (B —B=) 13 82.6%. it
203



Comprehensive Genome Profile Using Cytological Samples in Lung Cancer—Hasegawa et al

Table 6. The Correlation Between Clinical Factors and Genomic Alterations of MINtS in Cases with Lung Adeno-

carcinoma (N =555, *N =465)

DNA RNA
Cases mutations fusions
EGFR KRAS BRAF HER2* ALK RET ROS1

All 555 (%) 163 (29) 89 (16) 11 (2.0) 3 (0.6) 9 (1.6) 3 (0.5) 4(0.7)
Age (Years)

<70 250 (%) 67 (27) 38 (15) 7 (2.8) 2(0.8) 5(2.0) 1(0.4) 3(12)

>70 305 (%) 96 (31) 51 (17) 4 (L3) 0 4 (L3 2 (0.6) 1(0.3)
Sex

Male 348 (%) 66 (19) 66 (19) 9 (2.6 1(0.3) 4 (L1) 1(0.3) 2 (0.6)

Female 207 (%) 97 @7)f 23 (11) 2 (1.0 2 (1.0) 5 (24) 2 (1.0) 2 (1.0)
Smoking

Never 204 (%) 97 (48)f 17 (8.3) 2 (1.0) 2 (1.0) . 2 (1.0) 1 (0.5)

Former/Current 351 (%) 66 (19) 72 (20)F 5(14) 1(0.3) 4 (L1) 1(0.3) 309
Stage

0 10 (%) 4 (40) 0 0 0 0 0 0

I 164 (%) 57 (35) 26 (16) 2(L2) 0 0 1 (0.6) 2(12)

1I 46 (%) 17 (37) 10 (22) 0 1(21) 0 0 0

111 98 (%) 26 (27) 22 (22) 2(20) 1 (1.0 2 (2.0) 1 (1.0) 1 (1.0)

v 225 (%) 57 (25) 29 (13) 6 (2.7) 0 6 (2.7) 1(04) 1(04)
Treatment

Surgery 180 (%) 59 (33) 29 (16) 2 (L1 1 (0.6) 1 (0.6) 1 (0.6) 2 (11)

Radiation 61 (%) 22 (36) 13 (21) 0 0 0 0

CRT 45 (%) 8 (18) 8 (18) 122 122 122 122 122

Chemotherapy 169 (%) 60 (36) 20 (12) 5 (3.0) 1 (0.6) 4 (24) 1 (0.6) 0

BSC 97 (%) 14 (14) 19 (20) 221 0 331 0 1 (1.0)

CRT: chemoradiotherapy, BSC: best supportive care
: P<0.01

Table 7. The Correlation Between Covas ver. 2.0
and MINtS of EGFR Mutation Tests in Cases with
Lung Adenocarcinoma (N = 380)

MINtS
Positive Negative
Covas ver. 2.0 Positive 109 23
Negative 12 236

(BatE—3%3#) 2595.2%, BuPEmom=290.1%, FEM:mdh
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I ZE DFEFEIZ L LD o TV R WS, iR TlX 27.2%
OREMESET, B B NI, Z oo JE/
HFLARE 1X 2~3% Td - 72, &KIZ, BifEI2BT 5 KRAS
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MINtS TUEZAIBRHRE ORI T b % < A S, 148% T
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WEPIAHTH S.
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F > 234 V), FoundationOne® CDx 2SA %7/ & 71
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AT 46, B A5 T-CT 21 2T <d v, B
EGFR, BRAF, ALK, ROS1 ®#fn T-#AE D A 25MikE D
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