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[ Abstract] Objective To investigate the infrequent gene mutations of KRAS, NRAS and BRAF in
colorectal cancer and their clinical significance. Methods The retrospective and descriptive study was conducted.
The clinicopathological data of 1 513 patients with colorectal cancer who were admitted to the Peking University
Cancer Hospital from December 2013 to November 2018 were collected. There were 921 males and 592 females,
aged from 15 to 97 years, with an average age of 59 years. The genomic DNA of tumor tissue was extracted, and
the mutation status of KRAS (exon 2, 3), NRAS (exon 2, 3) and BRAF (exon 15) was detected by the Sanger
sequencing. Observation indicators: (1) mutation status of KRAS, NRAS and BRAF; (2) relationship of different
mutation status of KRAS, NRAS and BRAF with clinicopathological characteristics; (3) infrequent mutation status
of single gene and its clinicopathological characteristics; (4) simultaneous mutations of two genes and their
clinicopathological characteristics. Count data were expressed by absolute numbers or percentages, and comparison
between groups was analyzed by the chi-square test. Results (1) Mutation status of KRAS, NRAS and BRAF:
the mutation rates of KRAS, NRAS and BRAF were 37. 806% (572/1 513), 3. 173% (48/1 513) and 5. 486%
(83/1 513) of the 1 513 patients with colorectal cancer, respectively. The mutation rates of exon 2 and exon 3 in
KRAS were 35.889% (543/1 513) and 1.917%(29/1 513) , respectively. The mutation rates of exon 2 and exon
3 in NRAS were 1.322% (20/1 513) and 1.851% (28/1 513), respectively. The mutation rate of exon 15 in
BRAF was 5. 486% (83/1 513). The mutation of KRAS mainly occurred in codon 12, 13 of exon 2 and codon 61
of exon 3, with a mutation rate of 27.759% (420/1 513), 7.733% (117/1 513), and 1.586% (24/1 513),
respectively. Infrequent mutation in codon 14, 59, 60 of KRAS were found in 7 patients with colorectal cancer
[0.463%(7/1 513) ], including V141 mutation in 2 cases [ 0.132% (2/1 513) ], A59T mutation in 2 cases
[0.132%(2/1 513) ], A59E mutation in 2 cases [ 0. 132%(2/1 513) ] and G60D mutation in 1 case [ 0. 066%
(1/1 513) ]. The mutation of NRAS mainly occurred in codon 12, 13 of exon 2 and codon 61 of exon 3, including
Q61K with a mutation rate of 0.925% ( 14/1 513), followed by G12D with a mutation rate of 0.727% ( 11/
1 513). The mutation rates of Q61R, Q61H, Q61L, GI3R, G12C, GI12V, GI12S, GI13D, and G13C were
relatively low. The mutation of BRAF mainly occurred in codon 600 of exon 15 as V60OE mutation, with a mutation
rate of 4.957% (75/1 513). Infrequent mutation in BRAF were found in 8 patients with colorectal cancer, with a
mutation rate of 0.529% (8/1 513), including D594G mutation in 5 cases [ 0.330% (5/1 513) ], D594H
mutation in 1 case [0.066% (1/1 513) ], S607T mutation in 1 case [ 0. 066% (1/1 513) ], and 599-600 codon
insertion AGA in 1 case [ 0.066% (1/1 513) ]. Of the 1 513 patients, 4 [0.264% (4/1 513) ] had simultaneous
mutations at codon 12 and 13 of KRAS, including 2 [0. 132%(2/1 513) ] with simultaneous mutations at G12V
and G13D, 1 [0.066% (1/1 513) ] with simultaneous mutations at G12D and G13A, and 1 [ 0.066% ( 1/
1 513) ] with simultaneous mutations at G12V and G13F. In addition, 1 patient [ 0.066% ( 1/1 513) ] had
simultaneous mutations at G13D of KRAS and GI12S of NRAS, and 1 patient [ 0.066% ( 1/1 513) ] had
simultaneous mutations at G12C of KRAS and Q61H of NRAS. (2) Relationship of different mutation status of
KRAS, NRAS and BRAF with clinicopathological characteristics: patients with different tumor location and tumor
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differentiation degree had significantly different KRAS mutation status (X*=25.317, 4. 166, P<0.05) ; patients
with different gender, tumor location, tumor differentiation degree, and lymph node metastasis had significantly
different BRAF mutation status (X*>= 11.290, 22.317, 38.035, 12.611, P<0.05). The proportion of Q61K
mutation and Q61R mutation of NRAS in the patients with age of < 65 and = 65 years was 12/18, 2/10 and
1/18, 5/10, respectively, showing significant differences between the two groups (X*>=5. 600, 7. 542, P<0.05).
(3) Infrequent mutation status of single gene and its clinicopathological characteristics: 15 of the 1 513 patients
had single gene mutation. Of the 7 patients with infrequent mutations in codon 14, 59 and 60 of KRAS, 6 were
males and 1 was female; 6 were < 65 years old and 1 was = 65 years old; 3 had tumors located in the left colon,
3 in the right colon and 1 in the rectum; 6 had highly or moderately differentiated adenocarcinoma and 1 had poorly
differentiated adenocarcinoma; 6 were in stage IV and 1 was in stage Il of TNM staging; 6 had distant metastasis
and 1 had no distant metastasis; 3 had lymph node metastasis and 4 had no lymph node metastasis; there was no
postoperative recurrence. Of the 8 patients with infrequent gene mutation of BRAF, 4 were males and 4 were
females; 4 were < 65 years old and 4 were = 65 years old; 5 had tumors located in the left colon, 1 in the right
colon and 2 in the rectum; 7 had moderately differentiated adenocarcinoma and 1 had poorly differentiated
adenocarcinoma; 5 were in stage IV, 2 in stage Ill, and 1 in stage Il of TNM staging; 6 had distant metastasis
and 2 had no distant metastasis; 3 had lymph node metastasis and 5 had no lymph node metastasis; 1 had
postoperative recurrence. (4) Simultaneous mutations of two genes and their clinicopathological characteristics:
6 of the 1 513 patients had simultaneous mutations of two genes. Of 6 patients with simultaneous mutations of two
genes, 5 were males and 1 was female; 2 were < 65 years old and 4 were = 65 years old; 1 had tumor located in
the left colon, 4 in the right colon and 1 in the rectum; 5 had highly or moderately differentiated adenocarcinoma
and 1 had poorly differentiated adenocarcinoma; 5 were in stage IV and 1 was in stage Il of TNM staging; 4 had
distant metastasis and 2 had no distant metastasis; 3 had lymph node metastasis and 3 had no lymph node
metastasis; 1 had postoperative recurrence. Conclusions The infrequent mutations of KRAS and BRAF in
colorectal cancer often occur in the rare codon region and mainly are point mutations. Different mutations of KRAS,
NRAS and BRAF are related to clinicopathological features, which provide an important basis for treatment of
colorectal cancer.
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[0.132%(2/1 513) ] &4 G12V 5 G13D [AIHF 2 4E
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g 6 1, Ko PR g 1 5 TNM 43391 IV 38 6 4],
A 1 9] A 575 6 i), ToimAb 4% 78 1 5 4 bk
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5 KRASAS9E 5 49 e P ik Vi el J ¥
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X NRAS 3 RS (7] 58 A48 25 78 () BfF 90 465 1 W 7
NRAS 1 Q61K RASFEAE IS <65 % 45 H i
H I B TS T Q1R SR FEARE S =65 % By 45
NEL L S e AR TS =

ARHF5E#E— 4 & B KRAS B4 14 .59 & 60
BRSS9 AR I J A TT g -5 el Ak AR B B s Ak
FERSIN K A2 M O s BRAF JE [R5 594 2500 T () 2878
W RS R E T,

KEWFIEEE FUESE KRAS NRAS Fil BRAF H:[H
Z7F 541 EGFR IRY7 it 25 e 2 V1A 567 (HAH
KMFFE BR3P g o DL 366 PR 28 A 2 g
L L PR S AR R A 5 UL A8 1 A ) D) g
HHE] , EATEPT EGFR H g BEHUIARIA YT By BUs M
TEAE 22 W BF 5 8 Lou 21 HRGE 1 A7 16
KRAS A59T R7AE 45 B i & . B & WA
gilrb oAl [ AR I B SR A A
R e — | G IEREYT 7 RS DGR B S BT
RIGTTHE R I, X2 ) £ 3 #EATHT EGFR 041 )
JEFRSEREBUARIATT , & B B XA JE B v BT A
IRITHEURE, B EHEIS . 3 Fh R A B 5 DL 58 A8 T g L
AARRREY ¥ Yi6e, HARTTREXTPT EGFR B 5ok
BURRRIT IR S A 2, R, 78 AR i i 5% Al
Il PR, (AT — 20 DG S 2 D ) BE PR G AR A
DL RHXTHT EGFR Hse BEHUARTG YT A 250

ZE I AR ST 45 5 & B . KRAS \NRAS il BRAF
3 i A Y 2 L SR AR R R < 1% (H IR A 545
Vg R A I A B AR B A B V) G &, HLAT REAH
X TR AL 28 AR Y XL EGFR B g BT 1A 11
IBITAFESE AN E RSP e g, T H A
JRH £ X KRAS \NRAS J BRAF 3 Ffi Bk [ 58742 | 34
Al HIHT EGFR HUse BEHUAR AT, R, A58 T
PRl 5 WAL R A B X BT EGFR VAT RO R A
B ARSERIMEIE Bl R, 785G 3 5k B 5 L 58
AR L 2B A B 224 T Tt EGFR 1697, I
R T WAL AR 551 EGFR 1GY7I7 80
FHOCHE , S 45 i B B T PR RS HE A4 B,
FIRMZE A1 7 R 25 o

s % x W

[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. DOI;10.3322/caac.21492.

[2] Douillard JY, Oliner KS, Siena S, et al. Panitumumab-FOLFOX4



- 322 -

[4]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

AR AR RS

2020 4F 3 A% 19 %5 3 ] Chin J Dig Surg, March 2020, Vol.19,No.3

treatment and RAS mutations in colorectal cancer[ J]. N Engl J
Med,2013,369( 11) :1023-1034. DOI;10.1056/ NEJMoal305 275.
Spano JP, Fagard R, Soria JC, et al. Epidermal growth factor
receptor signaling in colorectal cancer; preclinical data and thera-
peutic perspectives[ J]. Ann Oncol ,2005,16(2) ;:189-194. DOI;
10.1093/annonc/mdi057.

Dienstmann R, Salazar R, Tabernero J. Personalizing colon cancer
adjuvant therapy: selecting optimal treatments for individual
patients[ J ]. J Clin Oncol,2015,33(16) : 1787-1796. DOI: 10.
1200/JC0.2014.60.0213.

Cremolini C, Antoniotti C, Lonardi S, et al. Activity and safety of
cetuximab plus modified FOLFOXIRI followed by maintenance with
cetuximab or bevacizumab for RAS and BRAF wild-type metastatic
colorectal cancer: a randomized phase 2 clinical trial[ J]. JAMA
Oncol ,2018,4(4) :529-536. DOI:10.1001/jamaoncol.2017.5314.
Ma BB, Mo F, Tong JH, et al. Elucidating the prognostic signifi-
cance of KRAS, NRAS, BRAF and PIK3CA mutations in Chinese
patients with metastatic colorectal cancer[ J]. Asia Pac J Clin
Oncol ,2015,11(2) :160-169. DOI;10.1111/ajco.12342.

Negru S, Papadopoulou E, Apessos A, et al. KRAS, NRAS and
BRAF mutations in Greek and Romanian patients with colorectal
cancer; a cohort study [ J]. BMJ Open, 2014, 4 (5) ; e004652.
DOI;:10.1136/bmjopen-2013-004652.

Saeed O, Lopez-Beltran A, Fisher KW, et al. RAS genes in colo-
rectal carcinoma: pathogenesis, testing guidelines and treatment
implications[ J]. J Clin Pathol,2019,72(2) : 135-139. DOI: 10.
1136/jclinpath-2018-205471.

Dienstmann R, Salazar R, Tabernero J. Molecular subtypes and
the evolution of treatment decisions in metastatic colorectal cancer
[J]. Am Soc Clin Oncol Educ Book,2018,38:231-238. DOI: 10.
1200/EDBK_200929.

Gao J, Wang TT, Yu JW, et al. Wild-type KRAS and BRAF
could predict response to cetuximab in Chinese colorectal cancer
patients[ J]. Chin J Cancer Res,2011,23(4) ;271-275. DOI; 10.
1007/511670-011-0271-4.

Lou E, D'Souza D, Nelson AC. Therapeutic response of metastatic
colorectal cancer harboring a KRAS missense mutation after combi-
nation chemotherapy with the EGFR inhibitor panitumumab[J]. J
Natl Compr Canc Netw,2017,15(4) :427-432. DOI;10.6004/ jnc-
¢n.2017.0043.

De Luca C, Vigliar E, d"Anna M, et al. KRAS detection on archi-
val cytological smears by the novel fully automated polymerase
chain reaction-based Idylla mutation test[ J]. Cytojournal, 2017,
14.5. DOI.:10.4103/1742-6413.200936.

Jones JC, Renfro LA, Al-Shamsi HO, et al. Non-V600 BRAF
mutations define a clinically distinct molecular subtype of metastat-
iccolorectal cancer[ J]. J Clin Oncol,2017,35(23) :2624-2630.
DOI:10.1200/JC0O.2016.71.4394.

A, R, B e, S KRAS BEPH 5878 15 45 i s S8 35 I IR
SRHRHIE R IR [ 1] AR AL AR, 2018, 17(2)
143-147. DOI:10.3760/ cma.].issn.1673-9752.2018.02.005.
Chang KL, Lee MY, Chao WR, et al. The status of Her2 amplifi-
cation and Kras mutations in mucinous ovarian carcinoma [ J ].
Hum Genomics, 2016, 10 (1) : 40. DOI. 10. 1186/s40246-016-
0096-9.

Bera AK, Lu J, Wales TE, et al. Structural basis of the atypical
activation mechanism of KRASV141[ J]. J Biol Chem,2019,294
(38):13964-13972. DOI:10.1074/jbc.RA119.009131.

Tyner JW, Erickson H, Deininger MW, et al. High-throughput
sequencing screen reveals novel, transforming RAS mutations in

myeloid leukemia patients[ J]. Blood, 2009, 113(8) :1749-1755.

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

DOI;10.1182/blood-2008-04-152157.

WF  BRED, MG 55 b S5 A e A R R KRAS JE
R RAEEBL A3 BT [ 7] 16 PR 45 52 46 B 2 2% ik, 2016, 32 (2)
210-213. DOI:10.13315/j.cnki.cjcep.2016.02.022.

Modest DP , Ricard 1 , Heinemann V, et al. Outcome according
to KRAS-, NRAS- and BRAF-mutation as well as KRAS mutation
variants; pooled analysis of five randomized trials in metastatic
colorectal cancer by the AIO colorectal cancer study group[J].
Ann Oncol, 2016, 27 (9) : 1746-1753. DOI. 10. 1093/ annonc/
mdw261.

Ye ZL, Qiu MZ, Tang T, et al. Gene mutation profiling in
Chinese colorectal cancer patients and its association with clinico-
pathological characteristics and prognosis[ J]. Cancer Med ,2020,9
(2) :745-756. DOI; 10.1002/cam4.2727.

Al-Shamsi HO, Jones J, Fahmawi Y, et al. Molecular spectrum of
KRAS, NRAS, BRAF, PIK3CA, TP53, and APC somatic gene
mutations in Arab patients with colorectal cancer: determination of
frequency and distribution pattern[ J]. J Gastrointest Oncol ,2016,
7(6) :882-902. DOI.10.21037/jg0.2016.11.02.

Baldus SE, Schaefer KL, Engers R, et al. Prevalence and hetero-
geneity of KRAS, BRAF, and PIK3CA mutations in primary colo-
rectal adenocarcinomas and their corresponding metastases [ J |.
Clin Cancer Res, 2010, 16 (3):790-799. DOI: 10. 1158/1078-
0432.CCR-09-2446.

Cicenas J, Tamosaitis L, Kvederaviciute K, et al. KRAS, NRAS
and BRAF mutations in colorectal cancer and melanoma[ J]. Med
Oncol ,2017,34(2) :26. DOI.10.1007/512032-016-0879-9.
Forbes SA, Beare D, Gunasekaran P, et al. COSMIC: exploring
the world’s knowledge of somatic mutations in human cancer[ J].
Nucleic Acids Res,2015,43 ( Database issue) ; D805-D811. DOI;
10.1093/nar/ gkul075.

Lai E, Pretta A, Impera V, et al. BRAF-mutant colorectal
cancer, a different breed evolving[ J]. Expert Rev Mol Diagn,
2018,18(6) :499-512. DOI.;10.1080/14737159.2018.1470928.
Sanz-Garcia E, Argiles G, Elez E, et al. BRAF mutant colorectal
cancer: prognosis, treatment, and new perspectives [ J]. Ann
Oncol ,2017,28( 11) :2648-2657. DOI;10.1093/annonc/mdx401.
Middleton G, Yang Y, Campbell CD, et al. BRAF-mutant tran-
scriptional subtypes predict outcome of combined BRAF, MEK,
and EGFR blockade with dabrafenib, trametinib, and panitumum-
ab in patients with colorectal cancer[ J]. Clin Cancer Res,2020.
pii: clincanres. 3579. 2019. DOI; 10. 1158/1078-0432. CCR-19-
3579 Epub ahead of print .

Kawazoe A, Shitara K, Fukuoka S, et al. A retrospective observa-
tional study of clinicopathological features of KRAS, NRAS,
BRAF and PIK3CA mutations in Japanese patients with metastatic
colorectal cancer[ J]. BMC Cancer,2015,15:258. DOI.10.1186/
512885-015-1276-z.

Garcia-Carbonero N, Martinez-Useros J, Li W, et al. KRAS and
BRAF mutations as prognostic and predictive biomarkers for stan-
dard chemotherapy response in metastatic colorectal cancer; a sin-
gle institutional study[J]. Cells,2020,9(1). pii: E219. DOI.10.
3390/ ¢cells9010219.

Gonsalves W1, Mahoney MR, Sargent DJ, et al. Patient and tumor
characteristics and BRAF and KRAS mutations in colon cancer,
NCCTG/ Alliance NO147[ J]. J Natl Cancer Inst,2014,106(7).
pii: djul06. DOI:10.1093/jnci/djul06.

Ye JX, Liu Y, Qin Y, et al. KRAS and BRAF gene mutations and
DNA mismatch repair status in Chinese colorectal carcinoma
patients[ J ]. World J Gastroenterol, 2015, 21 (5) ; 1595-1605.
DOI:10.3748/wjg.v21.i5.1595.



LW RE 2K 2020 45 3 A4 19 %45 33 Chin J Dig Surg, March 2020, Vol.19,No.3

£ 323 -

[32] Guo TA, Wu YC, Tan C, et al. Clinicopathologic features and
prognostic value of KRAS, NRAS and BRAF mutations and DNA
mismatch repair status: a single-center retrospective study of
1,834 Chinese patients with stage [ —=IV colorectal cancer[ J]. Int
J Cancer,2019,145(6) :1625-1634. DOI.10.1002/1jc.32489.

[33] Martinelli E, Cardone C, Troiani T, et al. Clinical activity and
tolerability of FOLFIRI and cetuximab in elderly patients with
metastatic colorectal cancer in the CAPRI-GOIM first-line trial[ J].
ESMO Open, 2017, 1 ( 6) : €000086. DOI: 10. 1136/ esmoopen-
2016-000086.

[34] Pietrantonio F, Petrelli F, Coinu A, et al. Predictive role of
BRAF mutations in patients with advanced colorectal cancer re-
ceiving cetuximab and panitumumab; a meta-analysis[ J]. Eur J
Cancer,2015,51(5) :587-594. DOI.10.1016/].€ejca.2015.01.054.

[35] Benson AB, Venook AP, Al-Hawary MM, et al. NCCN guidelines

insights: colon cancer, Version 2. 2018[ J]. J Nat Compr Canc
Netw,2018,16(4) :359-369. DOI:10.6004/jncen.2018.0021.
[36] Van Cutsem E,Lenz HJ, Kshne CH, et al. Fluorouracil, leucovor-
in, and irinotecan plus cetuximab treatment and RAS mutations in
colorectal cancer[ J]. J Clin Oncol,2015,33(7) :692-700. DOI;
10.1200/JC0.2014.59.4812.
(W H 8. 2020-01-16)
A5 A
ZEHLHG T, IR, 4F A5 KRAS‘NRAS 1 BRAF £ [H 520
FRAE I R LG PR SC (M 1 513 ) [T]. h AT AL AR 24K, 2020,
19(3) :315-323. DOI.:10.3760/ cma.j.issn.1673-9752.2020.03.018.
Li Yanyan, Gao Jing, Ji Congcong, et al. Infrequent gene mutations of
KRAS, NRAS and BRAF in colorectal cancer and their clinical signifi-
cance; a report of 1 513 cases[ J]. Chin J Dig Surg,2020,19(3) ;315-
323. DOI:10.3760/ cma.j.issn.1673-9752.2020.03.018.

MEESSRIIRELETREZEREMW

R AEEEHIMTE

S - AEE - A -

CoEild

eI RISIRATFE b i MRS BT TSI, RE% A SC P S Bk A B e e 75 B 00 i 8 B A A 22 5 2 (AR el ]

) WPEA , I35 SR ILH ST IR BAT IE AR IR B2y, WIS A SCrP R I S0 AT

ﬂ

A 2013 AEEIT I OB R B H

7 ) (www.wma.net/en/30publications/ 10policies/b3/index.html ) B ERK , WHEIFH T, ﬁ&}\ﬂ’\]ﬁﬂﬁ@}ﬁ PATF JLFh,
(1) SRS AR BT T , FRARAHOCZE A AN (8) A RPERE B N2y | By7 20 FARYT L (ERE A .
(2) GAMARE I A 38 R a0 R A iR sl A s T R EA AF A

(3) MR R AT B9 A5 S 88 SR LT A N B



