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[ Abstract] Objective: To study the relationship between mutations of driver genes including EGFR, ALK, ROSI, RET,
KRAS, NRAS, PIK3CA, BRAF, HER2, MET and the clinicopathologic characteristics of non-small cell lung cancer
(NSCLC) using amplification refractory mutation system (ARMS) , and evaluate the clinical-application value of combined
detection of ten driver gene mutations. Methods: A total of 400 paraffin embedded samples and 6 smear cases were collected
from patients with NSCLC in Sichuan Cancer Hospital from May 2019 to October 2019. Column-based protocol was used for
the extraction of DNA and RNA, and the mutation was detected by ARMS fluorescence quantitative PCR. Results: The total
mutation frequency of ten genes in NSCLC was 73.2% (297/406). The mutation frequency of each driver gene were 51.0%
(EGFR, 207/406) , 9.6% (KRAS, 39/406), 6.2% (ALK fusion, 25/406), 2.5% (ROSI fusion, 10/406), 2.2%
(RET fusion, 9/406), 0.2% (NRAS, 1/406), 2.2% (PIK3CA, 9/406), 1.0% (BRAF, 4/406), 2.2% ( HER2,
9/406) and 0. 7% ( MET 14 exon jump, 3/406 ),
respectively.  Mutation frequency of EGFR in lung
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adenocarcinoma was significantly higher than that in lung
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squamous cell carcinoma; higher prevalence of EGFR mutation and HER2 20ins were identified in female patients than in

male patients, in contrast, KRAS mutation was more likely to occur in male patients than in female patients; and the mutation

frequency of ROSI in patients younger than 60 years old was higher than those older than 60 years old. No difference in the

ten-gene mutation rate was found between the primary focus and the metastatic focus, but the mutation frequency of frozen

samples was higher than that of other samples. In addition, 30 co-mutation samples were detected, with 18 types and a muta-

tion rate of 7.4% . We also found 57% of the co-mutation samples were from treatment-naive patients, no unique histopatho-

logical feature was observed in co-mutation samples. There were no differences in age and histopathology between patients

with co-mutation and those with single mutation; however, the co-mutation was prone to occur in female patients. Conclu-

sion: Combined detection of ten driver genes in NSCLC patients using ARMS can obtain more gene mutation information of

tumor samples in a single rung, providing a more comprehensive analysis of genetic status for molecular-targeted therapy, es-

pecially those with insufficient clinical samples. The co-mutation information provided by the combined test can guide clinical

treatment more comprehensively.
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panel B showed the mutation distribution and clinicopathological characteristics of 30 double mutation samples.
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Type and Frequency of Co-mutation in Ten

Table 1.

S KB bE B

Genes Combined Examinations of NSCLC Patients

Mutation type N Mutation rate ( % )
yL858R/T790M 2 6.7
L858R/20-INS 2 6.7
L858R/ALK 1 3.3
1858 R/PIK3CA 2 6.7
1861Q/G719X 2 6.7
19Del/1858R 3 10.0
19Del/T790M 2 6.7
19Del/ALK 3 10.0
19Del/KRAS 1 3.3
19Del/PIK3CA 2 6.7
19Del/RET 1 3.3
19Del/ROSI 1 3.3
ALK/KRAS 2 6.7
ALK/BRAF 1 3.3
KRAS/HER2 1 3.3
KRAS/PIK3CA 2 6.7
RET/KRAS 1 3.3
ROS1/HER2 1 3.3
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Figure 2. EGFR Mutation Distribution
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Table 2. Characteristics of Patients with Double Mutations and Single Mutation

Variable Double mutaions Single mutation X P

Age (year) 0.501 0.479
=60 15 151
<60 15 115

Sex 4.514 0.034
Male 8 126
Female 22 142

Pathological type 0.981 0.547 "
Adenocarcinoma 28 253
Squamous cell carcinoma 1 5
Adenosquamous carcinoma 0 7
Unknown 1 2

* Fisher’ s exact test.

®3 BHPHERARTSIHRFEFEREXYE

Table 3. Correlation between Driver Gene Mutation and Clinicopathological Characteristics

Variable Total Number of mutant samples

EGFR ALK KRAS

ROSI  RET NRAS BRAF HER2 METAI4 PIK3CA

Sex
Female 216 79 12 31
Male 190 128 13 8
Age (year)
=60 232 118 14 25
<60 173 89 11 14

Pathological type

Adenocarcinoma 356 201 25 36
Squamous cell carcinoma 37 1 0 2
Adenosquamous carcinoma 8 3 0 1
Unclassified 5 2 0 0

4 3 1 2 1 2 5
6 6 0 2 8 1 4
1 2 0 2 5 1 5
9 7 1 2 4 2 4
10 9 1 2 8 3 5
0 0 0 0 0 0 4
0 0 0 0 0 0 0
0 0 0 0 1 0 0

One case lost in age information.
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Figure 3. HE Staining of Double Mutation Samples ( x200)

A. L858R +20ins, acinar adenocarcinoma; B. L858R + PIK3CA, adherent adenocarcinoma; C. ALK + BRAF, mucus adenocarcino-
ma; D. RET + KRAS, solid adenocarcinoma; E) RET + KRAS, micropapillary adenocarcinoma; F. ALK + KRAS, solid adenocarci-

noma (some cells contain mucus ).
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Figure 4. Previous Treatment History and Type of Co-mutation in Patients with Double Mutations
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Table 5. Gene Mutation Types and a Medication Guidance of NSCLC

Gene Sensitive muta- Resistance mutation = Medication guidance ( FDA ap- Clinical trial drugs Other clinical significance
tion proved or recommended by NC-
CN guidelines)
EGFR 1L.858R, 19DEL T90OM, 20ins Gefitinib, Tarceva, Conmana,
Afatinib, Dacomitinib
T790M C797S Osimertinib
20ins JNJ-372 , TAK-788
ALK EMIA-ALK Crizotinib, Alectinib, Ceritinib,
Brigatinib, Loratinib
ROSI Rearrange Crizotinib, Ceritinib, Entrectinib Lorlatinib, TPX-0005
RET Rearrange Cabozanix BLU-667, LOX0-292
KRAS Mutant of exonl2, Tips for EGFR TKI resist-
exonl3 and exon61 ance
G12C AMG510, MRTX849
NRAS E63K Tips for EGFR TKI resist-
ance
PIK3CA p. E542K, Tips for poor prognosis
p. E545K,
p. E545Q,
p. HI047L,
p. HI047R
BRAF V600E Dabrafenib, Trametinib
HER2 Insertion of exon Herceptin Poziotinib, TAK-788
20
MET Skipping and Crizotinib, Capmatinib Tepotinib, JNJ372
amplification  of
MET exon 14

[FIEE, FeATEE X NSCLC i &kt AL B kb (1) 28 12
WA IEAT T B 4 b, WAL BH P A s 3R 4y 00 R
72.2% (229/317) F175.6% (65/86) , L3R 2% % 5%
TSP >0.05) , I J5 A kb A # 1t 0 4H 21
FRAS AT F T A K 5 6 PR S i R . T
FASR G 0 T AR, R B S8 6 B 1 Al 27 L vk
ORI R T ARVIBRFEA B R A2 38 BRVK R G AR AR
HERFEARZ P25 A 51258 L (64.8% vs
81.8% ,P =0.001) LSl , HAMAE A RY 22 [A] (1) 22 7
BTG5 o RIS FH PR 2R e I, A 5T
TR AN g S o L I 4 TT e

MR o RSN, A8 NSCLC SR FR A 175 FL4
YRR BRACRIRSY R BB L, HE AR S
FHF iR 9k h 2L N S A8 A N, 15 S B 0] NSCLC (93R
J7 (B AT LA e e 4 oK R e 2. A ST U AR 1Y
406 BIREA , DK JEFEAS D A S5 7. RIEAGE [ 5E , FifEg
22, HRAEK H R B2  T AR A A 2
GEARKG 2R (81.8% ws 73.2% ,P =0.037) , th &/~
FATAEF- IS Al PR A AR A B s ] 5 1 B 224
A AT DNA FI RNA (58 B ORAF o TR T 2 A0
A AEFR B W HLREAT IR AR, B TR bR AR,
RETEWEREA I ER 3 R RER B FE 4R, K



. 986 - MR BT 5 9R 97 2020 4F 12 H 55 33 4855 12 #}] ] Cancer Control Treat, December 2020, Vol. 33, No. 12

445 G 0 s ) % 1) I 5 A B P 2 2 PO A o 3R, A
TRENREHETT . R ASEA R D, &
HE J s AL Y) A 5, BB A0 B AR I L 8L R
AR/ | B RIS TG A 507 5 T A R s, N A
P SE PR 8 A B, T L 22 R R I 2 3 R RE AR 1 YR 3%
BRGG o TTTR T 22 JE FR IB A A, BEAE — YA I o
FEAL R R 2515 8., [FIB1 4 5 5t 1Y I R A
AN T A T . 22 Bk A R D K ok
NSCLC 7% 28 A i 35 R G ) 54 25 e e

AR B PR 3 58 A8 78 NSCLC #3628 I
HEAERFFE I8 EGFR 484 9 ALK R4t i TKI
PR B R TR AR B M LU TR 2%, B T Ak
7o WG 7 A AT RE VR T IR S B B
g Al — g 2 M A R OR B e . Teig
o], FRATT I RIFSE S5 UK 31 5 78 A L 4% b 0 £ 4 481
o AR, 2 DR I M U I R 7 v, R
AITARIFE RIS IE 52 « UK 5l 5 P 54 o % A T BE
FERZIAIF I NSCLC v, e 25 1 22475 5 B
I RSB TKLIGYT IS R T 25 . R, 7002 1
i B PR AT 22 R R 1B 5 46 D) 8 B 4L B o 4 i
I R S5

HEiks T EGFR ALK ROSI .RET .KRAS .NRAS
PIK3CA . BRAF . HER2 Fl MET +Fh Ik s 3 H 5
NSCLC % 1 R B UIAR 5 b, NTRKI -3 3 7 275 I
(IR S D , B 2 W8 NTRK Fili4 76 NSCLC H HA
L Y NTRKI-3 Fil45 28728 11 H % TMB (Jif
e AR A far ) B R L PD-L1 ik K P58 5y, R X
BE AT RE TS A IR YT, A M NTRK il 7] 5%
FREVEIT H AR 25, PIIZ I8 B 19 1 (neuregulin-1,
NRG1) §E5 454 HER3 il HER4 31 7% ErbB 55
R 75 NRGL B4 i Ak R G b vp £ A BT ik
5 e R 42 1 PR ) 2 4 4 S T AL B R
NRGI At % 2 3 29 0. 3% ) | B 5 5 2 (R A% 4K
B B S BUFIRR 5 25 9 4 1] P RS 00 75 i
B FEAS T AR R S5 7 K S B 2 1 R R M. R
o £ PR IBE 2 A IR0 B A AR R T3+ e
FHELDR 22 A B 22 ) PR G 57 5, B % v 3
I PR AR B R B, A A RS 1 4 0 o £
FEUETRTT , 8 22 0 il £ 3 3R 4 o

EERR: A X 2MEHTTH A MET Nk
SCH LB A 3 AT A A AR B SR ARE R UF W
B R B BT E AR RRE, T
BEXEE,

FARAG A A F RS K RT3 A
I % ] ( CNKI) BB T 52 A 3 SCikAR ) & 45 By
FART smARM

BTN ZRATE XN E b, K2 Fl K E

PSR A EH 7R LA A Ko

SMEMR: ASCH AT E 5 2l Ex &% T #®
XEA A o

[ &% 30k ]

[1] Bray F, Ferlay J, Soerjomataram I, et al. Global cancer statistics
2018 : GLOBOCAN estimates of incidence and mortality worldwide
for 36 cancers in 185 countries[ J]. CA Cancer J Clin, 2018 ,68
(6) :394-424.

[2] Davidson MR, Gazdar AF, Clarke BE. The pivotal role of patholo-
gy in the management of lung cancer[ J]. J Thorac Dis, 2013, 5
(S5) : S463-5478.

[3] Ezik, Eaos, &M, 5. BEWIE/ a0 i — X EGFR-
TKIs M 2555 B R4 (1], FRJN B A Be 2 4, 2017,37
(12) :783-789.

[4] Tiwari D, Brodie SA, Brandes JC. Targeted therapy of non-small-
cell lung carcinoma[ J]. Ther Adv Respir Dis, 2011,6(1) :41-
56.

[5] Janne PA, Shaw AT, Pereira JR, et al. Selumetinib plus docetax-
el for KRAS-mutant advanced non-small-cell lung cancer; A ran-
domised, multicentre, placebo-controlled, phase 2 study [ J].
Lancet Oncol, 2012,14(1) :3847.

[6] EBGEH, BHER, XIEZR, % EGFR/ALK/ROSI = kA 7L
A /N2 e i v 0 0 PR SC LT e IR 5 52 3 A A
2018,34(10) : 1135-1137.

[7] EW, #HEmfl, XIZAR, 5. EGFR K KRAS J[H %748 54/
20 i e R BRARAE I SC R [V ] PR 5 SR B B2 20
2017,33(4) :379-383.

[8] M=k, ZHEEE, XIHFR. JE/NA0NiiE EGFR-TK JE 2 58
ARG RIS E R [T ], R BB 53897, 2019,32(6) : 542-
546.

[9] Russo A, Franchina T, Ricciardi G, et al. Heterogeneous respon-
ses to epidermal growth factor receptor (EGFR) tyrosine kinase in-
hibitors (TKIs) in patients with uncommon EGFR mutations: New
insights and future perspectives in this complex clinical scenario
[J].Int J Mol Sci, 2019,20(6) : 1431.

[10] Kate S, Chougule A, Joshi A, et al. Outcome of uncommon EG-
FR mutation positive newly diagnosed advanced non-small cell lung
cancer patients; A single center retrospective analysis[ J]. Lung
Cancer( Auckl) , 2019,10 :1-10.

[11] A, s, BUBFmE, 46 AE/NHfliE ECFR R M i
HEARFRAIFITSITROMLT ] MR B 53RY7 , 2019,32(9) :
800-806.

[12] Gridelli C, Peters S, Sgambato A, et al. ALK inhibitors in the
treatment of advanced NSCLC[J]. Cancer Treat Rev, 2014,40
(2) :300-306.



I F B 514697 2020 4 12 A48 33 #5612 #) J Cancer Control Treat, December 2020, Vol. 33, No. 12

- 987 -

[13]

[14]

[15]

[16]

[17]

[18

[

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Bergethon K, Shaw A, Ou S, et al. ROSI rearrangements define a
unique molecular class of lung cancers[ J]. J Clin Oncol, 2012,
30(8) :863-870.

LiS, Li L, Zhu Y, et al. Coexistence of EGFR with KRAS, or
BRAF, or PIK3CA somatic mutations in lung cancer; A compre-
hensive mutation profiling from 5125 Chinese cohorts[ J]. Br J
Cancer, 2014,110(11) :2812-2820.

SRR, RER. AR/ DA R AR TR S R LT ], B
ARi BE2F, 2016,24(5) :840-843.

Yang J, Yang J, Ban S, et al. Successful treatment of a miliary
metastatic NSCLC patient with activating EGFR exon 20 insertion
mutation with response to poziotinib[ J]. J Thorac Oncol, 2019,
14(9) : e198-€200.

Alexander D, Ou S HI, Chul CB, et al. Repotrectinib ( TPX-
0005 ) is a next generation ROS1/TRK/ALK inhibitor that potent-
ly inhibits ROS1/TRK/ALK solvent front mutations[ J]. Cancer
Discov, 2018,8(10) :1227-1236.

Subbiah V, Gainor JF, Rahal R, et al. Precision targeted therapy
with BLU-667 for RET-Driven cancers[ J]. Cancer Discov, 2018,
8(7) :836-849.

Robichaux JP, Elamin YY, Tan Z, et al. Mechanisms and clini-
cal activity of an EGFR and HER2 exon 20-selective kinase inhibi-
tor in non-small cell lung cancer[ J]. Nat Med, 2018,24(5) :
638-646.

Oshin M, Mariya F, Jill S. Status of agents targeting the HGF/c-
Met axis in lung cancer[ J]. Cancers, 2018,10(9) :280.
PRAFE, B/, AT VI, /0S40 6 i 988 5K 2l 5 TR 98 2 5 i
PR EASEM R R [T]. dhAefi B2 g4k, 2016,45(4) 1221-
225.

PRREE, B/, ariilg, S5, Tlumina #2a) 7 5 Sanger
O A O Pt R K 5 e PR S 7 g AR [T ] o A B2
s, 2018 ,47(3) :209-212.

o [ A /N2 g 20 2 B A K TR T 52 R R R A i R
2. o E /NN AT 9 R A R AR AR D 2 A R R S AR A
LR IR (2016 Ji) [1]. PR RIAZRAE, 2016,45(4) < 217-
220.

Benesova L, Minarik M, Jancarikova D, et al. Multiplicity of EG-
FR and KRAS mutations in non-small cell lung cancer ( NSCLC)
patients treated with tyrosine kinase inhibitors [ J]. Anticancer
Res, 2010,30(5) :1667-1671.

Yang JJ, Zhang XC, Su J, et al. Lung cancers with concomitant
EGFR mutations and ALK rearrangements: Diverse responses to
EGFR-TKI and crizotinib in relation to diverse receptors phospho-
rylation[ J]. Clin Cancer Res, 2014,20(5) :1383-1392.

[26] Chen G, Feng J, Zhou C, et al. Quality of life ( QoL) analyses

[27

(28

[29

(30

(31

(32

(33

(34

(35

[36

[37

[38

[39

]

[

[

]

[

]

]

]

]

[

[

]

[

from OPTIMAL ( CTONG-0802) , a phase III, randomised, open-
label study of first-line erlotinib versus chemotherapy in patients
with advanced EGFR mutation-positive non-small-cell lung cancer
(NSCLC) [J]. Ann Oncol, 2013,24(6) :1615-1622.

Shi Y K, Wang L., Han BH, et al. First-line icotinib versus cispl-
atin/pemetrexed plus pemetrexed maintenance therapy for patients
with advanced EGFR mutation-positive lung adenocarcinoma
(CONVINCE) : A phase 3, open-label, randomized study[ J].
Ann Oncol, 2017, 28(10) :2443-2450.

WIS, BUMRE, 259, A /NN AT IR 25 P 3 1) (oL 3 (A
FILRRAWIT[T]. WrE2:, 2018,29(19) :12696-2698.
FELAE, MEoek, AT, S5, S RO AR A0
FRIERBLRI LI ], PRI R, 2018,45(11) :582-588.
JiF, . AN e S D B K Bl i PR SR A 1 1 PR
X[, hegedd 7aeak, 2018,6(3) 1189-193.
KRR, VEEM, FRAKT7, . AE/NT LR A8 R 2H 21
YRS A TR BRI A [T ] RS B4 &, 2015,
35(6) :970-977.

T, BBk AR/ EGFR A ALK H R R AL 5
R[], PEMEZ G, 2018,21(9) 1686-691.

Mok TS, Yi LW, Thongprasert S, et al. Gefitinib or carboplatin-
paclitaxel in pulmonary adenocarcinoma [ J]. N Engl J Med,
2009,361(10) :947-957.

Won J K, Keam B, Koh J, et al. Concomitant ALK translocation
and EGFR mutation in lung cancer; A comparison of direct se-
quencing and sensitive assays and the impact on responsiveness to
tyrosine kinase inhibitor[ J]. Ann Oncol, 2015,26(2) :348-354.
Max MX, Bendell JC, Hurwitz HI, et al. Disease monitoring u-
sing post-induction circulating tumor DNA analysis following first-
line therapy in patients with metastatic colorectal cancer[ J]. Clin
Cancer Res, 2020. doi: 10.1158/1078-0432. CCR-19-1209.
Ricciuti B, Brambilla M, Metro G, et al. Targeting NTRK fusion
in non-small cell lung cancer; Rationale and clinical evidence
[J]. Med Oncol, 2017,34(6) : 105.

Fernandez-Cuesta L, Plenker D, Osada H, et al. CD74-NRGI fu-
sions in lung adenocarcinomal J]. Cancer discov, 2014 ,4(4) :
415422.

Weinberg B, Renouf D, Lim H, et al. NRGI1-fusion positive gas-
trointestinal tumours: Afatinib as a novel potential treatment option
[J]. Ann Oncol, 2019, 30($4) :iv80.

Jonna S, Feldman RA, Swensen J, et al. Detection of NRGI gene
fusions in solid tumors[ J]. Clin Cancer Res, 2019,25(16) :
4966-4972.



